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The oral cavity serves as an open local organ of the human body, exposed to multiple external factors from the outside environment. Coincidentally, initiation and development of oral cancer are attributed to many external factors, such as smoking and drinking, to a great extent. This phenomenon was partly explained by the genetic abnormalities traditionally induced by carcinogens. However, more and more attention has been attracted to the influence of carcinogens on the local immune status. On the other hand, immune heterogeneity of cancer patients is a huge obstacle for enhancing the clinical efficacy of tumor immunotherapy. Thus, in this review, we try to summarize the current opinions about variant genetic changes and multiple immune alterations induced by different oral cancer carcinogens and discuss the prospects of targeted immunotherapeutic strategies based on specific immune abnormalities caused by different carcinogens, as a predictive way to improve clinical outcomes of immunotherapy-treated oral cancer patients.
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INTRODUCTION
Oral squamous cell carcinoma (OSCC) serves as one of the most important subtypes in head and neck squamous cell carcinoma (HNSCC), diagnosed cases of which have mounted to more than 600,000 worldwide, along with 50,000 new cases each year (Rahman et al., 2019). Unlike many other types of cancers whose pathogenesis is mainly explained by innate genetic alterations, OSCC is mainly related to some classical environmental risk factors such as tobacco and alcohol (Solomon et al., 2018). This phenomenon is easy to understand as the oral cavity is an open organ exposed to the outside environment and has broad interactions with environmental factors. On the other hand, with the development of oncogenic studies, the role of abnormality in the tumor microenvironment has been identified to be more and more important (Binnewies et al., 2018). Recently, many types of immune cells, such as M2 macrophages, regulatory T (Treg) cells, and myeloid-derived suppressor cells (MDSCs), were discovered to exert a pro-tumor influence on oral carcinogenesis (Dar et al., 2020; Li et al., 2020). The cell–cell communications mediated by extracellular vesicles have been identified as crucial mechanisms contributing to tumor progression in many types of carcinomas. Similarly, extracellular vesicles from multiple origins could get involved in many tumor-associated processes, including proliferation, metastasis, and drug resistance during oral cancer development (Xie et al., 2019). The above clues together indicated whether environmental risk factors could promote OSCC progress via deregulation of the tumor microenvironment. In the perspective of tumor therapy, immunotherapies, including check-point therapy and molecule-targeted strategy, have been making significant advances and improving the prognostic outcome of tumor patients to a great extent (Kennedy and Salama, 2020). However, immunotherapy has failed to be the prior strategy for OSCC treatment, partly due to the heterogeneity of OSCC patients, as multiple types of risk factors, for example, smoking and drinking, were involved in the initiation and progression of OSCC. Considering the fact that the huge financial burden and surgical complications are the main blockades for favorable clinical outcomes of OSCC patients, a therapeutic strategy based on patient-specific risk factors is extremely necessary to direct the application of different types of immunotherapies to different patients. This kind of strategy might overcome the heterogeneity of OSCC patients and realize individual-based diagnosis and therapy for OSCC patients, paving the way for the future of OSCC immune therapies.
POSSIBLE CARCINOGENS FOR THE DEVELOPMENT OF OSCC
Exogenous carcinogen-induced tumorigenesis acts as a significant feature of OSCC, distinguishing it from other cancers. Until now, multiple kinds of substances were regarded as possible OSCC carcinogens.
Among all the possible carcinogens for OSCC, cigarette, alcohol, and areca nuts were the most prevalent and well-acknowledged carcinogens (Kumar et al., 2016). Lots of clinical and epidemiological research has identified the strong relationship between smoking and OSCC. Results of a study based on 1,114 participants showed that the risk of OSCC among non-drinkers amounted to the quantity of smoking (Blot et al., 1988). In different regions, such as East Asia, Iran, and Brazil, OSCC patients all exhibited a high percentage of smoking habits, indicating a general influence of smoking on OSCC initiation (Razavi et al., 2015; Bezerra et al., 2018; Hashibe et al., 2019). Furthermore, OSCC patients with a smoking habit showed more aggressive disease features and poorer prognostic outcomes than non-smoking OSCC patients, indicating that smoking might also contribute to the progression and aggression of OSCC (Al Feghali et al., 2019). Alcohol abuse has been implicated as a high risk factor in many types of cancers, including OSCC (Ng et al., 1993), esophageal cancer (Castellsagué et al., 1999), larynx cancer (Bosetti et al., 2002), colorectal cancer (Cho et al., 2004), and pancreatic cancer (Korc et al., 2017). For OSCC, alcoholic beverages have been implicated as an important carcinogen in the etiology of oral cancer since the 1980s (Kabat and Wynder, 1989). Risk of OSCC among non-smokers was also confirmed to increase along with alcohol consumption (Blot et al., 1988). Specifically, a combination of alcohol abuse and smoking could enhance the carcinogenic effect of each other, suggesting a synergistic effect of alcoholism during OSCC development (Castellsagué et al., 2004). It is well known that the habit of chewing areca nuts is widely popular in Southeast Asia, and its positive role in the development of oral precancerous lesions and OSCC has been fully accepted as well (Li et al., 2016). As the areca nut industry was growing fast worldwide, more and more public and medical sources were paid due to betel chewing–induced OSCC (Hu et al., 2017).
Besides the above carcinogens, periodontal infection was also reported to be associated with OSCC development. Lower frequency of tooth-brushing and fewer dental visits, which were highly related with periodontal infection, were all associated with OSCC development. The poorer overall survival of OSCC patients with poor periodontal hygiene further suggested possible roles of periodontal infection in OSCC. With the development of society and subsequent changes in traditional concepts, the frequency of oral sexual behavior has mounted to a high level, especially in young adults (Holway and Hernandez, 2018). This behavior shift makes the oral cavity exposed to a totally new environment. Clinical trials have revealed that changes in sexual behaviors trend toward a higher incidence of oral human papillomavirus (HPV) infection (Chaturvedi et al., 2015). This phenomenon just coincides with the conclusion that the percentage of HPV-positive oropharyngeal carcinomas has risen from 16.3% in the 1980s to 72.7% in the 2000s (Chow, 2020). Obviously, oral sex–mediated HPV exposure has become a newly emerging risk factor for oral and pharyngeal carcinomas.
In addition, some novel perspectives about OSCC-related external carcinogens have been implicated. The presence of some unhealthy components inside the oral cavity, including residue dental roots and crowns, as well as improper dental prothesis, was identified to promote the malignant transformation of the normal oral epithelium due to its persistent physical stimulus. Besides, global nutrition deficiency might also be related to OSCC. Deficiency of vitamin A was identified to have a correlation with the occurrence of oral leukoplakia, a type of oral precancerous lesion (Sankaranarayanan et al., 1997). Loss of vitamin D might also act as a contributor to OSCC progression (Verma et al., 2020). Persistent intake of hot water and food is an acknowledged risk factor for esophagus carcinoma, and this stimulus, along with other stimulatory factors including pungent passing through the oral cavity, might also promote the formation of malignant oral lesions. In some special regions of the world, for example, New Zealand, where strong illumination exists throughout the year, UV radiation was also considered a possible carcinogen for skin carcinoma and OSCC (Yakin et al., 2017).
ABNORMALITY OF GENOME LANDSCAPE IN OSCC
Traditional concepts claimed that initiation and development of oral cancer are due to a sum of self- or risk factor–induced genetic changes that would lead to alterations in the activation of oncogenes and inactivation of tumor suppressor genes (Pérez-Sayáns et al., 2009; Irimie et al., 2016). Multiple types of genes controlling cell proliferation, DNA repair, angiogenesis, and other pro-tumor biological processes have manifested significant variations between OSCC and normal oral tissues.
ABNORMALITY OF IMMUNE MICROENVIRONMENT IN OSCC
The current hot spot in cancer oncology research, apart from genetic variations, mainly lies in the tumor microenvironment, which contributes a lot to local tumorigenesis by promoting cellular proliferation, metabolism, metastasis, and so on (Casey et al., 2015). In the perspective of OSCC, although the heterogeneity of immune cell infiltration in the OSCC microenvironment makes it difficult to describe the total immunological landscape, more and more studies have been dedicated to figuring out this challenge.
Abnormal Production of Cytokines
Abnormal expression of chemokines plays an important part in the immunomodulation of the tumor microenvironment as recruitment and activation of immune cell subtypes are largely mediated by the interaction between chemokines and chemokine receptors (Nagarsheth et al., 2017). The chemokine-mediated regulating network exhibited its complexity via bidirectional pro-tumor and anti-tumor functions (Figure 1).
[image: Figure 1]FIGURE 1 | Immune cells and cytokines associated with OSCC progression. This figure depicts the main types of immune cells and cytokines associated with progression of OSCC development. During OSCC progression, immune cells and cytokines could be divided into two groups, the pro-tumor part and the anti-tumor part. Immune cells, including PD-1+ and CTLA4+ T cells and TAMs, have been identified to play roles in tumor progression through multiple pathways, as discussed above. Similarly, immune cells contributing to the anti-tumor process, Th1 cells and NK cells, for example, were also listed inside. A complete overview of immune cells involved in tumor development would help us better understand the complexity of immune regulation of OSCC.
IL-2 functions as an important growth factor for T cell subpopulations, and activation of CD4+ T cell differentiation by IL-2 has been verified. In addition, effector and memory CD8+ T cell responses could also be induced by IL-2 (Spolski et al., 2018), indicating its crucial role in the T cell–mediated anti-tumor process.
A large amount of evidence indicated crucial roles of IL-10 in the anti-tumor process. CD8+ T cell function and memory could be ignited by IL-10 exposure (Foulds et al., 2006). Elevation of granzyme B and activation and interferon-γ (IFN-γ) expression, along with subsequent CTL infiltration, have also been identified (Emmerich et al., 2012). Direct stimulation of NK cells by IL-10 would contribute to its anti-tumor effects (Lauw et al., 2000), while IL-10 could also indirectly mediate NK cell activation via inhibition of ROS secretion by TAMs (Mocellin et al., 2004).
IL-35 is another commonly acknowledged regulator in the tumor microenvironment. As a member of the IL-12 family, its immune suppressive role would render a pro-tumor status. Pro-tumor neutrophils induced by IL-35 could result in malignant progression of local tumor tissues (Zou et al., 2017). In addition, Tregs accumulated in tumor sites are the main resource of IL-35, and anti-IL35 treatment showed a similar effect to that of the depletion of Tregs. Inhibition of Th17 cell growth and function by IL-35 were also discovered (Niedbala et al., 2007), indicating that IL-35 might inhibit anti-tumor effects partially through a Th17 blockade.
IL-6 is a crucial chronic inflammatory mediator, higher levels of which have been observed in multiple types of cancers. Several major pro-tumor activities, including growth, invasion, and angiogenesis, have been identified to be closely correlated with IL-6 overexpression. In addition, the blockade of type 1 immune response (Tsukamoto et al., 2018), elevation of Treg cells (Kato et al., 2018), expansion of MDSCs, and activation of stromal fibroblasts could also be induced by IL-6, thus contributing to tumor development (Hanazawa et al., 2018).
IL-8 normally acts as a kind of chemokine, recruiting the accumulation of leukocytes (Alfaro et al., 2017). While in the tumor microenvironment, the high affinity of IL-8 to CXCR1 and CXCR2, the activation of which has been demonstrated to play an important role in tumor progression (Campbell et al., 2013; David et al., 2016), would contribute a great deal to the malignant process. Besides, an IL-8–induced increase in MDSC recruitment would accelerate the chronic inflammatory status of local tumor sites (Chi et al., 2014).
Similarly, IL-17 also played pro-tumor roles during tumor progression. Chronic exposure of IL-17 would lead to a pro-tumor microenvironment via production of inflammatory mediators, mobilizing myeloid cells and a phenotypic switch of stromal cells (Zhao et al., 2020).
TNF-α is a key pro-inflammatory cytokine, which exhibited a dual function in tumor progression. Stromal cells and cancer cells could both be sources of TNF-α. On the one hand, high levels of cytotoxic potential from TNF-α could render destruction of tumor vasculature, necrosis and apoptosis of cancer cells, and facilitation of drug accumulation inside tumor sites. On the other hand, studies also showed that TNF-α secreted by host cells surrounding tumor tissues could instead construct an inflammatory status and promote tumor progression (Egberts et al., 2008; Sethi et al., 2008).
As for OSCC, differential production of some types of chemokines is significantly associated with carcinogenesis.
When it comes to chemokines, accumulations of CCL20, CCL18, CCL4, and CCL2 were identified to promote tumor progression in OSCC (Li et al., 2014; Lee et al., 2017; Wang et al., 2017; Lien et al., 2018). Meanwhile, gene polymorphisms of CCL4 and CCL5 were highly associated with OSCC susceptibility (Weng et al., 2010; Lien et al., 2017). These deregulated chemokines have been shown to play roles in microenvironmental immunomodulation via recruitment of Treg cells, macrophages, MDSCs, and so on (Nagarsheth et al., 2017). As for inflammatory cytokines, interleukin (IL) 6, IL-8, and tumor necrosis factor-alpha (TNF-α) have been identified in terms of their potential roles as diagnostic biomarkers for OSCC (Sahibzada et al., 2017). Association between the gene polymorphism of IL-2 and OSCC has also been discovered (Singh et al., 2017). IL-23 could contribute to the progression of premalignant oral lesions to OSCC (Caughron et al., 2018), while IL-17 was significantly linked to the overall survival status of HNSCC (Lee et al., 2018). It is widely acknowledged that complex interacting networks of inflammatory cytokines could control recruitment, activation, and suppression of immune cells. Thus, the discussed abnormality of inflammatory cytokines in OSCC might result in a pro-tumor immune landscape in OSCC.
Abnormal Tumor-Infiltrating Immune Cells
Tumor-infiltrating cells are those immune cells located in the local tumor microenvironment, which have been identified to play crucial roles in either pro-tumorigenesis or anti-tumorigenesis and have significant prognostic value in cancer development (Shang et al., 2015). Immune cells inside the tumor microenvironment could commonly be divided into two groups, the myeloid cell subgroup and the lymphocyte subgroup, all of which work together to form a comprehensive and interactive immune regulating network to influence the complexity of the tumor immune microenvironment.
Tumor-Related Myeloid Cells
Traditionally, myeloid cells acted as major components for host protection. They have changed evolutionally as barriers against variant infections and contributors to tissue remolding. However, during tumor development, myeloid cells would play complicated roles (Gabrilovich, 2017).
Myeloid-Derived Suppressor Cells
Myeloid cells which are CD11b- and Gr-1–positive and exhibited a strong immune suppressive effect have now been defined as myeloid-derived suppressor cells (MDSCs). Main subtypes of MDSCs are polymorphonuclear (PMN-MDSCs) and mononuclear (M-MDSCs). Although the suppressive effect of MDSCs could cover multiple types of immune cells, T cells are their main targets (Gabrilovich et al., 2012). Production of NO and variant cytokines induced by M-MDSCs could efficiently suppress T cell activity, as a NO-associated T cell receptor blockade would reduce the antigen presentation process (Koehn et al., 2015), while formation of antigen-specific T cell tolerance is a main mechanism for PMN-MDSCs (Gabrilovich et al., 2012). Besides, production of reactive oxygen species (ROS) is also essential for this process. On the other hand, MDSCs could also participate in the remolding process of the tumor microenvironment and tumor angiogenesis via VEGF, bFGF, and MMP9 (Casella et al., 2003; Shojaei et al., 2009).
Neutrophils
Neutrophils are the first line against multiple infections of the host. However, their plasticity in the tumor microenvironment puts them into both pro-tumor and anti-tumor roles (Giese et al., 2019). Generation of ROS, reactive nitrogen species (RNS), and hydrogen peroxide could direct cancer cell–specific death, which is the main mechanism for neutrophil-induced anti-tumor roles (Granot et al., 2011), while in addition to their cytotoxic effect, abnormal production of ROS and RNS would result in oxidative DNA damage and genetic variations (Güngör et al., 2010). It is also well known that neutrophil-extracellular traps (NETs) generated in the tumor microenvironment would result in migration and invasion of cancer cells (Park et al., 2016). Secretion of MMPs from neutrophil granules might promote malignant development via migration, proliferation, and angiogenesis (Ardi et al., 2007; Das et al., 2017).
Dentritic Cells
Dendritic cells (DCs) are commonly regarded as the activator of T cells via transporting cancer-associated antigens. Initiation, polarization, and direction of T cells in the tumor microenvironment as well as recycling lymph nodes by DCs are the main mechanisms for DC-induced tumor suppression, during which the CD8+T cell is their main target (Gardner et al., 2016). However, suppression of DCs in the tumor microenvironment would block this process, rendering a non-immunogenic DC phenotype switch. Thus, stimulatory and suppressive signals in the tumor microenvironment aiming at DCs, cytokines, and cell–cell communication, for example, would regulate DC-related T cell immunogenic functions.
Tumor-Associated Macrophages
Tumor-associated macrophage (TAM) is a subtype of infiltrating macrophage contributing to local tumor growth, metastasis, and neovascularization (Zhu et al., 2017). Infiltrating TAMs in OSCC is also associated with tumorigenesis. CD163, a common marker for TAMs, was observed to be elevated in OSCC tissues (Stasikowska-Kanicka et al., 2018a), suggesting its possible relationship with oral carcinogenesis. Coincidentally, the same phenomenon was observed in oral precancerous lesions (Boas et al., 2013). Besides, CD204, another TAM marker, was shown to be linked to the progress from oral premalignant lesions to OSCC (Kouketsu et al., 2019). Using a xenograft model, irradiation-induced M2 macrophage accumulation showed the potential to promote oral tumor recurrence via enhancement of neovascularization (Okubo et al., 2016). The in vitro experiment remodeling the tumor environment confirmed the mutual promoting effect between oral cancer cells and TAMs (Essa et al., 2016), and the Gas6/Axl signaling pathway was further confirmed to enhance the epithelial-mesenchymal-transition of oral cancer cells (Lee et al., 2014). Apart from M2 macrophages, M1 subtype TAMs also played a positive role in OSCC (Xiao et al., 2018). In the early tumor stage, local resident macrophages act in cooperation with other innate immune cells to initiate inflammatory responses to reduce tumor progression, through some direct effects, for example, ROS generation, and some indirect pathways, such as regulation of Th1 responses (Joyce and Pollard, 2009; Murray and Wynn, 2011). It could be concluded from the above that TAM is significantly involved in the pathogenesis of OSCC.
Tumor-Related Lymphocytes
CD8+T Cell
The CD8+T cell is a generally recognized anti-tumor defender of the host and serves as one of the most crucial effector cells in anti-cancer immunity, dysfunction of which would result in a severe barrier for cancer elimination (He et al., 2019). Loss of CD8+T cells has contributed to tumorigenesis in many types of cancers. In OSCC, the CD8+T cell was shown to decrease in either OSCC tissues or precancerous lesions (Stasikowska-Kanicka et al., 2018a). High CD8+T cell percentage could also predict a better overall survival and disease-specific survival rate in OSCC (Shimizu et al., 2019). Immunological staining further revealed an increase in CD8+T cells in OSCC with better prognosis (Stasikowska-Kanicka et al., 2018b). The expression level of PD-L1, an immune checkpoint blockade targeting cytotoxic T cells, was highly unregulated in OSCC (Stasikowska-Kanicka et al., 2018a; Stasikowska-Kanicka et al., 2018b), indicating a loss-of-function status of T cells in OSCC. In the translational medical perspective, the anti-tumor effect of radiotherapy in OSCC was also verified to be partly attributed to the activation of CD8+ T cells (Suwa et al., 2006). These clinical experimental results together come to the conclusion that CD8+ T cells play an anti-tumor role in OSCC, the abnormality of which would help in tumorigenesis.
CD4+T Cells
T cells expressing CD4 glycoprotein are another crucial T cell subtype called the CD4+T cell, and their functions in the tumor microenvironment are extremely complicated, due to multiple subgroups of CD4+T cells, including Th (T helper)1 cells, Th2 cells, Th9, Th17, Th22, and T regular cells (Treg).
Th1 cells show some anti-tumor effects mainly via their large amount of IFN-γ production, along with some chemokines to recruit and prime effector CD8+T cells. Also, NK cells and M1 macrophages could be recruited and activated by Th1 cells in local tumor sites for tumor elimination (Nishimura et al., 1999). By targeting of tumor stroma and subsequent angiogenesis blockade, tumor growth could be inhibited in an IFN-γ–mediated way by CD4+T cells (Qin and Blankenstein, 2000).
Th2 cells have been verified to play some contradictory roles in tumor progression. Secretion of IL-4 by Th2 cells would mediate transport of macrophages and eosinophils into tumor sites for anti-tumor actions (Tepper et al., 1989), and this immune transfer function is the main mechanism for the Th2-mediated anti-tumor effect. On the other hand, antigen-specific effector Th2 cells have been reported to promote cancer development, and IL-5 secreted by them might be the reason behind this pro-tumor effect (Tatsumi et al., 2002).
Th17 cells are an important subgroup participating in the anti-infection process. A pro-inflammatory microenvironment induced by secreted IL-17a and IL-23 would promote tumor progression via elevating angiogenesis and inhibiting infiltration of CD8+T cells. Only a small amount of Th17-associated cytokine exposure could remarkably facilitate cancer progression (Lee et al., 2012), while some studies support that a high level of IL-17 would result in an anti-tumor immune status (Numasaki et al., 2005). This contradictory phenomenon suggested that the role of Th17 in tumor progression largely depends on the host status and local context.
Treg is a negative regulator in the adaptive immune system, suppressing the activation of immune responses and maintaining the immune balance (Sakaguchi, 2004). During tumor progress, excessive upregulation and activation of Treg cells would result in immune deficiency and subsequent immune escape of tumor cells, thus facilitating the development of tumorigenesis (Smigiel et al., 2014). In OSCC patients, elevated levels of Treg cell–associated cytokines were observed in peripheral blood (Gaur et al., 2014), while a higher frequency of Treg cells was also discovered in OSCC samples (Schwarz et al., 2008). Animal experiments using mice and dogs further verified an increase in Treg cells in OSCC (Horiuchi et al., 2010; De Costa et al., 2012). In tongue squamous cell carcinoma, a higher level of expression of Treg cells was significantly associated with a poorer survival rate, and accumulation of Treg cells was used to predict bad prognosis of patients (Hanakawa et al., 2014). Compared with healthy donors, levels of circulating Treg cells were also much higher in OSCC patients, along with a higher level of TGF-β, a Treg-associated cytokine (Lim et al., 2014). The above evidence together confirmed the pro-tumorigenesis value of Treg cells in OSCC.
Natural Killer Cells
The anti-tumor immunity of natural killer (NK) cells has long been regarded as a predominant effector against metastasis or hematological cancers, and more and more efforts have been applied to fully understand properties of NK cells (Guillerey et al., 2016). Escape of NK cell immune surveillance in OSCC tissues and inactivation of the NK cell status in peripheral circulation of OSCC patients has been recorded in clinical research (Dutta et al., 2015). Similarly, the downregulated NK cell status was also observed to be linked to higher invasive oral tumor areas (Türkseven and Oygür, 2010). A newly published meta-analysis indicated the possibility of the NK cell marker being a prognostic marker, considering the negative correlation between NK cell markers and the OSCC patient survival rate (Huang et al., 2019). The successful curative effect of NK cell immunotherapy in OSCC identified in an in vivo model further confirmed the crucial anti-tumor role of NK cells in OSCC (Greene et al., 2020).
OSCC CARCINOGEN-INDUCED IMMUNE ABNORMALITIES
As predominant contributors to the progress of OSCC, multiple OSCC-related carcinogens, including smoking, drinking alcohol, chewing areca nuts, periodontal infection, and oral sexual behavior, have all been proven to be related to local immune abnormality to a great extent. A complete understanding of the immune status induced by carcinogens would help in possible recognition of the immune landscape of carcinogen-induced OSCC.
Cigarette
Cigarettes are a well-known risk factor for many oral diseases, including periodontitis (Kinane et al., 2017), halitosis (Jiun et al., 2015), oral leukoplakia (Granero Fernandez and Lopez-Jornet, 2017), and OSCC (Blot et al., 1988). Previous studies about the effect of smoking on carcinogenesis mainly focused on aberrant genetic alterations brought on by harmful compounds inside cigarettes. Accumulation of DNA adducts and oxidative DNA damage induced by tobacco smoking have been identified for a while (Phillips, 2002), and the subsequent genetic mutational signatures, such as TP53, P73, and MDM2 (Misra et al., 2009), were listed clearly, using sequencing methods (Alexandrov et al., 2016). However, little attention was cast onto the influence of microenvironmental changes caused by tobacco. The oral cavity is a local microenvironment whose stability would be extremely changed due to tobacco smoking (Figure 2). Thousands of reactive oxygen species (ROS) are generated in burning cigarettes (Huang et al., 2005), and ROS-attacked epithelial cells and cancer cells in the oral cavity would secrete lots of inflammatory mediators, thus leading to imbalance of host immunity in the oral cavity. It is evidenced that cigarette smoke could result in upregulation of IL-8 (Barnes, 2016) and downregulation of IL-12 by the oral epithelium (Vassallo et al., 2005a). As IL-12 is a main inducer of the Th1 response (Trinchieri, 2003), the phenomenon coincides with the observation that cigarette smoking would result in suppression of Th1 responses and generation of Th2 inflammatory reaction (Cozen et al., 2004), and excessive Th2 response would break the balance between Th1 and Th2. As has been known, Th2 immune polarization might result in some unexpected effects in carcinogenesis. CCL5-mediated recruitment and differentiation of Th2 cells enhanced the primary tumor burden and pulmonary metastases of luminal breast cancer (Zhang et al., 2015). NLRP3-activated polarization of Th2 cells also had a tumor-promoting impact on pancreatic cancer (Daley et al., 2017), further identifying the immunosuppressive role of Th2 in carcinogenesis. On the other hand, patients with higher accumulation of Th1 exhibited better and prolonged survival (Tosolini et al., 2011), precise evidence for the anti-tumor effect of Th1. Furthermore, some chemotherapies targeted at the tumor microenvironment also aim to enhance Th1 cytokine levels as an anti-tumor pathway (Berlato et al., 2017). Thus, smoking-induced imbalance of Th1/Th2 might be speculated to play a role in development of OSCC from an immunological perspective. Besides, IL-8 could act as a pro-tumorigenesis cytokine with its promotion of tumor proliferation, migration, and maintaining of stemness (Chen et al., 2014; Huang et al., 2015; Ding et al., 2017). As reported, the release of IL-8 induced by cigarette smoke (CS) was mainly from macrophages (Facchinetti et al., 2007) and airway epithelial cells (Mio et al., 1997). Interestingly, several research studies have reported that IL-8 was induced in oral squamous cell carcinoma cells (Tsunoda et al., 2016) and gingival epithelial cells (Mahanonda et al., 2009). Thus, upregulation of IL-8 by CS might play an important role in CS-induced tumorigenesis.
[image: Figure 2]FIGURE 2 | Mechanisms of smoking-related immune regulation in OSCC. This figure depicts several main immune-regulating activities associated with smoking. As one of the most important OSCC carcinogens, smoking could directly or indirectly regulate immune activities through activation of epithelial cells and immune cells and the production of ROS.
CS could also impose a great influence on immunological functions of dendritic cells. It has been reported that some components of CS, such as ROS, nicotine, and other chemicals inside, were involved in the influence on DCs (dendric cells), causing the suppression of DC-induced T cell activation and proliferation (Vassallo et al., 2005b; Kroening et al., 2008; Vassallo et al., 2008). DCs are considered to be main activators for both innate immunity and adaptive immunity, being highly efficient in generating fast and fierce immunological responses (Constantino et al., 2017). However, under the immunosuppressive influence of the tumor microenvironment, DCs always show a biological dysfunction in the cancerous background, as a way to help tumor evasion (Tang et al., 2017). Due to its central role in the initial phase of immunity activation, DC-based immunotherapy has been used in clinical trials since the mid-1990s and has been applied in many types of cancers such as melanoma, prostate cancer, malignant glioma, and renal cell carcinoma (Anguille et al., 2014). Thus, CS-induced dysfunction of DCs is considered as a contributor to the malignant development of the tumor microenvironment. In addition, CS extract has also been found to suppress production of antiviral cytokines from DCs (Mortaz et al., 2009). In nasopharyngeal carcinoma, CS extract has been proved to promote the infection of the Epstein–Barr virus (EBV), the enhancement of which is closely associated with the malignant development of nasopharyngeal carcinoma (Huang et al., 2017). The proportion of HPV-related OSCC has increased in the past 30 years in a longitude clinical survey in America (Chaturvedi et al., 2008), emphasizing the importance of HPV infection in OSCC development. Thus, it could be speculated that the decrease in antiviral capacity caused by CS might promote the colonization and replication of HPV in the oral cavity.
Smoking was found to increase the aggregation of alveolar macrophages but impair the normal functions of macrophages (Kotani et al., 2000; Hodge et al., 2003). The same phenomenon was identified in vitro (Kirkham et al., 2004). As is known to all, dysfunction of macrophages might help to promote the development of tumors. In addition, smoking could induce the polarization of M2 macrophages in alveoli (Bazzan et al., 2017). In an in vivo mouse model, smoking was identified to induce the polarization of tumor-associated macrophages and promote the development of pancreatic cancer in this way (Kumar et al., 2015). Thus, the dysfunction and M2 polarization of macrophages caused by smoking might partly explain the malignant transformation of the tumor microenvironment, leading to OSCC development as a result.
On the other hand, CS is a crucial modulator of host response to pathogens (Nuorti et al., 2000). Smokers are shown to be more likely to get infection of Streptococcus pneumoniae and Tuberculosis (Padrao et al., 2018). This feasibility of pathogen colonization might suggest a dysfunction of host immunity and destruction of microbial balance, leading to a low resistance to extraneous pathogens. Recently, the relationship between oral microbial dysbiosis and tumor development has been a hot topic, and a lot of evidence has revealed microbial dysbiosis as a contributor to carcinogenesis. Smoking was strongly identified to be involved in oral microbial variations through some clinical trials with large amounts of samples (Wu et al., 2016; Yu et al., 2017). Microbial diversity was decreased in smokers, and there were a reduction of phylum Proteobacteria and genera Capnocytophaga, Peptostreptococcus, and Leptotrichia and enhancement of Atopobium and Streptococcus. These abnormal changes of host microbial composition caused by smoking might be one of the reasons for the CS-induced effect of carcinogenesis.
Alcohol
Alcohol abuse has been implicated as a high risk factor in many types of cancers, including OSCC (Ng et al., 1993), esophageal cancer (Castellsagué et al., 1999), larynx cancer (Bosetti et al., 2002), colorectal cancer (Cho et al., 2004), and pancreatic cancer (Korc et al., 2017). Alcohol dehydrogenase (ADH) and aldehyde dehydrogenase (ALDH) play crucial roles in the regular conversion of ethanol to acetate. When it comes to carcinogenesis, traditional opinions about alcohol-induced carcinogenesis support the abnormal metabolism of ethanol caused by variations of ADH- and ALDH-encoding genes serving as main contributors (Jelski et al., 2009). For example, this abnormality of ethanol metabolism could lead to increased generation of ROS from epithelial cells, which then activates cellular pathways, such as the nuclear factor κB (NF-κB) pathway and the mitogen-activated protein kinase (MAPK) pathway (Wu, 2006; Morgan and Liu, 2011), causing the malignant transformation of tumor cells. In addition, the RNS level of the epithelium was also elevated by alcohol stimulation. Accumulation of ROS and RNS would indirectly modify the immune microenvironment via its suppressive effect on T cells, NK cells, and macrophages (Figure 3). Besides this direct carcinogenic effect of alcohol, the function of host immunity is also under significant burden due to alcohol intake, which might partly explain the carcinogenesis of alcohol.
[image: Figure 3]FIGURE 3 | Immune activities caused by alcohol and areca nut consumption in OSCC. This figure depicts the immune-regulating networks induced by alcohol and areca nuts during OSCC development according to related studies. Specifically, inhibition of NK cells, T cells, DCs, and neutrophils, several main anti-tumor immune cells, was a remarkable feature of immune abnormalities induced by alcohol and areca nuts, indicating that immune inhibition might be excessively crucial in OSCC associated with these two carcinogens.
Alcohol intake, either acute or chronic, poses a great burden on NK cells. Alcohol abuse has long been regarded as a promoter for the development of hepatic diseases, such as hepatitis viral infection and liver fibrosis. It is reported that chronic ethanol consumption would accelerate virus-induced hepatitis through suppression of NK cell accumulation and cytotoxicity ability (Pan et al., 2006). Similarly, ADH3, a crucial enzyme in the metabolic process of alcohol, has great correlation with the development of hepatic fibrosis due to its suppression of NK cells (Yi et al., 2014). Abrogation of the antifibrotic effect of NK cells caused by alcohol was seen to increase the severity of alcoholic liver fibrosis (Jeong et al., 2008). In alcoholic hepatitis, a decreased frequency and reduction of the degranulation capacity of NK cells were also observed compared with healthy ones (Støy et al., 2015). When it comes to cancer development, alcohol abuse could also explain its carcinogenesis through NK cell variation, as acute alcohol ingestion has been demonstrated to cause a marked reduction of NK cell activity and, in this way, promote the tumor metastasis in vivo (Ben-Eliyahu et al., 1996). Metastasis of colon cancer cells into the liver was also increased by treatment of chronic alcohol consumption in a preclinical model (Im et al., 2016). In perspective of the count variation of NK cells, alcohol consumption has been identified to decrease the number of NK cells in the spleen (Blank et al., 1991) and peripheral lymph nodes (Zhang et al., 2011). Furthermore, the balance of thymus-derived and bone marrow–derived NK cells was also destroyed by alcohol intake (Zhang and Meadows, 2008). Besides, cytotoxicity and cell activity of NK cells was downregulated by treatment of alcohol (Wu et al., 1994), and enzymatic activity of granzyme A and B expressed by NK cells was suppressed, resulting in the loss of cell viability of NK cells (Spitzer and Meadows, 1999). On the other hand, some research focused on the explanations for alcohol-induced suppression of NK cells. Alcohol consumption could render a variation of the autonomic nervous system and reduction of pro-inflammatory cytokines from neuroendocrine and immune cells, leading to suppression of NK cell cytolytic activity (Boyadjieva et al., 2006; Chen et al., 2006). Downregulation of IL15 induced by alcohol consumption seemed like a way to suppress the availability of NK cells (Zhang et al., 2017), and this observation has been confirmed by a rescue experiment (Zhang and Meadows, 2009). Moreover, activity of the NF-κB pathway in NK cells, a crucial pathway for immune activation, was also suppressed by alcohol treatment (Zhou and Meadows, 2003).
T cell function is also under the influence of alcohol drinking. Alcohol-derived acetaldehyde has been proved to pose severe toxicity to the immune system, and recent study has confirmed its role in the downregulation of T cell function via inhibiting aerobic glycolysis and hampering the energy source of T cells (Gao et al., 2019). An in vivo experiment using ethanol-fed mice proved that ethanol could enhance the antibody-induced CD4+ T cell immunosuppression and thus promote tumorigenesis (Hunt et al., 2000). A chronic alcohol treatment was identified to accelerate the immunosenescence process of CD8+ T cells of rhesus macaques (Katz et al., 2015). Besides, an in vitro experiment showed that alcohol consumption could inhibit the T cell proliferation rate compared with water consumption, and an increase in some pro-tumor immune groups of cells, such as Treg cells and MDSCs, might also impair the function of T cells (Zhang and Meadows, 2010). The apoptosis of T cells would also be activated by the alcohol treatment via downregulation of the vitamin D receptor (Rehman et al., 2013).
Areca Nuts
It is well known that the habit of chewing Areca nuts has been widely popular in Southeast Asia, and its positive role in the development of oral precancerous lesion and OSCC has been fully accepted as well (Li et al., 2016). Apart from its genotoxicity, the areca nut might also affect the progress of oral malignant transformation via immunomodulation (Figure 3). For lymphocytes, the DNA synthesis process was identified to get inhibited long before (Yang et al., 1979). This phenomenon posed the hypothesis that areca nuts might decrease the immunity of lymphocytes. Further study confirmed that T cell activation and IFN-γ production were suppressed by areca nut treatment through induction of oxidative stress (Wang et al., 2007). When it comes to immune cell function, the phagocytosis of neutrophils (Hung et al., 2006), the adhesion and migration of mononuclear leukocytes (Chang et al., 2014), and the differentiation of dendric cells from monocytes (Wang et al., 2012) were all proven to decrease due to areca nuts. In the perspective of inflammatory cytokines, treatment of human immune cells using areca nut extract was identified to increase multiple inflammatory cytokines, such as TNF-α, IL6, IL8, cyclooxygenase-2 (COX2), and prostaglandin E2 (PGE2) (Chang et al., 2009; Chang et al., 2013; Faouzi et al., 2018), as well as decrease the level of IL2 production by spleen cells (Selvan et al., 1991). As for oral keratinocytes, production of PGE2, Prostaglandin I2 (PGI2), IL-6, and TNF-a was also enhanced due to areca components (Jeng et al., 2000; Jeng et al., 2003). Expressions of IL-2 and IL-2 receptor by CD8+ cytotoxic T lymphocytes (CTLs) and tumor-infiltrating lymphocytes (TILs) were also reduced under the influence of PGE2, while PGE2 induced CD4+ Th2 cell activation (Wustrow and Mahnke, 1996; Li et al., 2013). As mentioned above, TILs are lymphocytes that migrate from the blood to the tumor, playing crucial roles in either pro-tumorigenesis or anti-tumorigenesis. Among them, CD4+Th2 cells promote tumor growth, while CTLs inhibit tumorigenesis (Lauerova et al., 2002; Farhood et al., 2019). In other words, PGE2 serves as an immunosuppressor contributing to the induction of CD4+ Th2 cells and the pro-tumor efficacy of TILs. Circulating the immune complex, known to exhibit an immunosuppressive effect on NK cells and CTLs, was detected to accumulate more frequently in areca chewers than in healthy controls (Remani et al., 1988). A large-population experiment using flow cytometry and immune-staining reveals that IL-17 was highly expressed in areca chewers (Quan et al., 2020). Exposure of areca extracts was shown to induce the increasing secretion of IL-6 and IL-8 by peripheral blood mononuclear cells (Chang et al., 2006). In an animal model, arecoline receivers exhibited a low splenic lymphocyte proliferation rate and a high apoptosis rate (Dasgupta et al., 2006). Similarly, production of IL-8 from oral squamous cancer cells was also increased due to exposure of arecoline (Cheng et al., 2000). PBMC isolated from areca chewers exhibited a higher level of DNA damage markers in circulating lymphocytes (Liu et al., 2004).
Periodontal Infection
Periodontitis, one of the most common diseases inside the oral cavity, is largely caused by poor oral hygiene status and oral microbial dysbiosis (Lertpimonchai et al., 2017; Meuric et al., 2017). Periodontitis is featured by the dysbiotic inflammatory status (Hajishengallis, 2015), which is highly associated with inflammatory microenvironmental abnormality (Figure 4). Most of pathogenic oral bacteria are Gram negative ones, sharing a similar ability to induce higher concentration of cytokines from oral epithelial cells, such as IL-6, IL-1β, TNF-α, and IL-8 (Ha et al., 2016; Cardoso et al., 2018), and overexpression of these inflammatory cytokines contributes to the abnormality of the microenvironment as discussed above. In particular, some periodontal pathogenic microbiota has been reported to impose immunosuppression on the local focus. F. nucleatum, a common periodontitis-associated bacterium, was identified to recruit MDSCs, a kind of tumor-infiltrating immune cell with anti-immunity ability (Kostic et al., 2013). M2 polarization, leading to the differentiation of tumor-associated macrophages, was also observed to be induced by F. nucleatum (Chen et al., 2018). TIGIT, a membrane protein of many immune cells, such as NK cells and T cells, could also be modulated by F. nucleatum, resulting in loss of function of NK cells and cytotoxic T cells (Gur et al., 2015). Another common periodontal pathogen, P. gingivalis, is also involved in immunomodulation. P. gingivalis was identified to silence innate immune response partly by inactivating DCs (Abdi et al., 2017). In vivo experiment exhibited that P. gingivalis infection promoted the expansion of MDSCs (Su et al., 2017). Disturbance of the Th1/Th17 balance was also induced by P. gingivalis (Monasterio et al., 2019), while suppression of IL-2 accumulation in T cells (Khalaf and Bengtsson, 2012) and reduction of CXCL10 expression caused by P. gingivalis infection (Jauregui et al., 2013) might be used to partly explain this phenomenon. M2 polarization was also elicited by P. gingivalis and could promote carcinogenesis in HNSCC (Utispan et al., 2018).
[image: Figure 4]FIGURE 4 | Immune landscape in oral pathogen–related OSCC. This figure depicts the immune landscape caused by oral pathogens, including bacteria and viruses, in OSCC development. Immune regulation was the main activity upon oral pathogen exposure. As infectious factors have been proven to be more and more important in OSCC initiation and progression, immune activities induced by OSCC-related pathogenic bacteria and viruses might also be a crucial part contributing to OSCC progression.
Oral Sexual Behavior
With the development of society and subsequent changes in traditional concepts, the frequency of oral sexual behavior has mounted to a high level, especially in young adults (Holway and Hernandez, 2018). This behavior shift makes the oral cavity exposed to a totally new environment. Clinical trials have revealed that changes in sexual behaviors trend toward a higher incidence of oral HPV infection (Chaturvedi et al., 2015). This phenomenon just coincides with the conclusion that the percentage of HPV-positive oropharyngeal carcinomas has risen from 16.3% in the 1980s to 72.7% in the 2000s (Chow, 2020). Obviously, oral sex–mediated HPV exposure has become a newly emerging risk factor for oral and pharyngeal carcinomas. It is worth noting that HPV infection has been identified to play a crucial role in local immune disruption (Figure 4). Studies have revealed that HPV+ HNSCC patients are more likely to exhibit an abnormal tumor immune microenvironment (Gameiro et al., 2018). A meta-analysis concludes that dysfunction of T cells plays a great part in HPV-induced immune deficiency, while the abnormality of macrophages, Tregs, and MDSCs remains unclear (Lechien et al., 2019). Viral protein E7 could reduce expression of TAP1, as a way to inactivate cytotoxic T cells (Einstein et al., 2009). Infection of HPV would result in downregulation of pro-inflammatory cytokines and upregulation of anti-inflammatory cytokines, such as IL-10 (Mota et al., 1999). In cervical cancer, another HPV-associated carcinoma, loss of T cell cytotoxicity, increase in immunosuppressive Th cell infiltrating, and secretion of immunosuppressive cytokines are all associated with HPV infection (Piersma, 2011). In HNSCC, a large-population transcriptome analysis revealed a T cell dysfunction and T cell exhaustion signatures in HPV-positive patients (Krishna et al., 2018). Furthermore, overexpression of PD-1 and CTLA-4 was observed in HPV-positive HNSCC tissues, which indicated a loss-of-function status of CD8+ T cells due to HPV infection (Kansy et al., 2017). In short, abnormality of the T cell status induced by HPV infection might be closely related to OSCC development.
RISK FACTOR–BASED IMMUNOTHERAPEUTIC STRATEGY
Until now, surgical operation is still the first choice for OSCC treatment. Heterogeneity acts as one of the main traits in head and neck squamous cell carcinoma (HNSCC) (Schubert et al., 2020), and poor clinical outcomes of radiation and chemical treatment were partly due to the heterogeneity of OSCC patients (Kagohara et al., 2020). Immune phenotypes of HNSCC classified by the heterogeneity of immune landscapes among HNSCC patients have been built up successfully (Feng et al., 2020). This result further indicated that immune heterogeneity of HNSCC might be summarized into a statistical rule, which might be used for classification of HNSCC patients with different immune statuses. A recent study has identified that smoking could exert an immunosuppressive effect on the HNSCC tumor microenvironment with the help of multi-omics analysis (de la Iglesia et al., 2020). This discovery just coincides with the above hypothesis that oral cancer–related risk factors might greatly account for the abnormality of the immune status. In the perspective of tumor therapy, immunotherapeutic strategies for OSCC ought to be dependent on intratumor heterogeneity to achieve better clinical outcomes (Mroz et al., 2020). Thus, in consideration of the correlation between risk factors and immune variations, a new concept is brought out that combination of patient risk factor information and immune status detection might be valuable for directing individual-based immunotherapy for OSCC patients (Figure 5).
[image: Figure 5]FIGURE 5 | Immunotherapeutic strategies based on the specific carcinogen-related immune status. This figure depicts multiple types of immunotherapeutic strategies and subsequent OSCC subgroups suitable for each kind of strategy. As discussed in this manuscript, carcinogens would result in a specific aberrant immune status for OSCC patients, which just explained drug resistance and individual variations of immunotherapeutic responses. Thus, possible personalized immunotherapeutic strategies based on different carcinogen-induced types of the OSCC local immune status were listed above and might achieve a better clinical outcomes.
Check Point Blockade Therapy
Anti–PD-(L)1 Treatment
Programmed death ligand 1 (PD-L1) is often expressed on the surface of antigen-presenting cells (APCs), tumor cells, etc., and it can bind to PD-1 on the surface of activated T cells, leading to the exhausted status of T cells (Goodman et al., 2017). Anti–PD-(L)1 treatment could be applied due to its role in reducing T cell apoptosis and enhancing recruitment of T effector cells to tumor sites (Dong et al., 2002). Downregulation of T cell function is a significant feature in OSCC, which is a plausible reason for possible application of anti–PD-(L)1 treatment in OSCC. As reported, anti–PD-1 (aPD1) immunotherapy has been proven to be effective in lymphomas (Goodman et al., 2017), melanoma (Wang et al., 2016), and non–small-cell lung cancer (Xia et al., 2019). Increased expression of PD-1 and PD-L1 was observed in oral lesions progressing to OSCC compared to non-progressing dysplasia (Dave et al., 2020). In addition, several reports revealed that recurrent/metastatic HNSCC patients treated with anti-PD1 showed a significantly prolonged survival compared with standard treatment (Ghanizada et al., 2019). Additionally, high expression of PD-1 was observed in exhausted NK cells, and anti-PD1 therapy could reverse this condition in many cancers (Romero, 2016; Li et al., 2018). So the anti–PD-(L)1 method might also be used as the NK cell–targeted method in alcohol-related OSCC. Subsequent clinical experiments identified that anti-PD1 therapy achieved a better prognostic outcome in HPV+ cancer patients than HPV- controls (Ferris et al., 2016). Besides, a systemic meta-analysis confirmed that HPV+ HNSCC patients could benefit more from anti-PD1 immunotherapy, further ensuring the role of the PD1 blocking method in the treatment of HPV+ OSCC patients (Galvis et al., 2020). In conclusion, anti–PD-(L)1 treatment is an optional method for all subgroups of OSCC discussed above.
Anti–CTLA-4 Treatment
The cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) is a critical receptor for the negative regulation of T cell activation (Rowshanravan et al., 2018). Although elimination of CTLA-4 can result in several diseases including autoimmune diseases, effective anti-tumor immunity sometimes requires the blockade of CTLA-4 (Brunner-Weinzierl and Rudd, 2018; Hosseini et al., 2020).
Wang et al. (2019) found that syngeneic animal models of tobacco-associated oral cancers have higher response rates to anti–CTLA-4 immunotherapy than to anti-PD1 treatment. Anti–CTLA-4 treatment could also increase IFN-γ–producing CD4+ Th1 cells, which is necessary for overcoming the imbalance of Th1/Th2 caused by smoking (Chen et al., 2009). On the other hand, downregulation of T cell function was also observed in alcohol-drinking patients. Depending on this point, anti–PD-(L)1 and anti-CTLA4, two common check-point inhibitors for T cells, could be used as discussed above. In addition, based on the overexpression of CTLA-4 observed in HPV+ HNSCC tissue samples, a combination of anti-PD1 and anti–CTLA-4 therapies might be likely to achieve a better clinical outcome in HPV-related OSCC patients.
Anti-TIGIT Treatment
The T cell immunoreceptor with immunoglobulin and ITIM domain (TIGIT) is a promising new target along with PD-(L)1 and CTLA-4 for cancer immunotherapy, and the blockade of TIGIT and PD-L1 were found to act synergistically on T cells and NK cells’ effector functions (Johnston et al., 2014). Zhang et al. (2018) found that the inhibition of TIGIT could prevent NK cell exhaustion and promote NK cell–dependent tumor immunity in several tumor mouse models. Since the dysfunction of NK cells plays an important pathogenic role in drinking patients, anti-TIGIT therapy might be effective in the treatment of alcohol-related OSCC. In addition, due to the binding ability of F. nucleatum to TIGIT and subsequent downregulation of NK cells and T cells, some anti-TIGIT antibodies, MK-7684, for example, might work against the tumorigenesis effect of F. nucleatum specifically. As anti-tumor therapies targeting TIGIT have achieved great success recently, this method might also be useful in OSCC patients with high F. nucleatum abundance (Solomon and Garrido-Laguna, 2018).
Immune Agonist Therapies
Although many patients have benefited from checkpoint-blockade immunotherapies, and the overall survival of patients was significantly prolonged due to these therapies, substantial patients do not respond to these strategies, and several drug-resistance mechanisms have been identified (Dempke et al., 2017). To overcome low efficiency of checkpoint-blockade immunotherapies for some OSCC patients, more and more investigations begin to focus on co-stimulatory agents. Toll-like-receptor (TLR) agonists could promote innate immune cells (e.g., macrophages and plasmacytoid DCs), while PD-1 inhibitors act on adoptive immune cells (e.g., activated T cells). Sato-Kaneko et al. (2017) identified that combination therapy with TLR agonists and anti–PD-1 increased antigen-presenting functions of TAMs and the infiltration of IFNγ+CD8+T cells in head and neck tumors, thus suppressing tumor growth. CD40 is a TNF receptor superfamily member expressed on both immune and non-immune cells, and CD40/CD40L agonists could upregulate antigen presentation machinery, enhance T cell proliferation and cytokine production, thus acting in the regression of tumors (Bennett et al., 1998; Mayes et al., 2018; Vonderheide, 2020). Considering the contribution of CS-induced dysfunction of DCs to the development of smoking-related OSCC, these immunotherapies might be effective strategies targeted at these subgroups.
Cytokine Therapy
Exogenous Cytokines
IL-2 was the first approved cytokine for boosting NK cells clinically (Floros and Tarhini, 2015) and was mainly used to produce lymphokine-activated NK cells. Similarly, IL-15 and IL-12 were also pro-inflammatory cytokines playing important roles in the development, homeostasis, and cytotoxicity of NK cells (Floros and Tarhini, 2015). For OSCC patients with a drinking habit, a great burden on NK cells was a significant feature, and these cytokines were the most commonly applied cytokines for NK cell activation, clinically. Apart from their roles in the maturation of NK cells, IL-15 and IL-12 can also lead to IFNγ production (Berraondo et al., 2019). Both type I and type II IFNs have been reported to induce the anti-tumor activities of almost all immune cells, especially the maturation of DCs for antigen presentation and the negative regulation of MDSCs (Parker et al., 2016). Besides, oncolytic virus talimogene laherperepvec (T-VEC), which could express myeloid cell growth and survival factor GM-CSF (Andtbacka et al., 2019), might also be used to ameliorate the loss of DCs in smoking OSCC patients. Considering that inactivation of DCs and induction of MDSCs were both related to high abundance of P. gingivalis and areca-chewing habits, these cytokines mentioned above might be effective for those OSCC patients. In addition, owing to the significant decrease in IL-2 induced by areca-chewing, an extraordinary supplementation of IL-2 might also help to some extent.
Anti-Cytokine Therapy
Anti-cytokine therapy here refers to blockades of cytokines, cytokine receptors, and the subsequent signaling pathways. Overexpression of some crucial pro-inflammatory cytokines, including IL-6, IL-8, and IL-1β, was a shared phenomenon during periodontitis. These cytokines were reported to promote tumorigenesis (Kumari et al., 2016; Berraondo et al., 2019), so monoclonal antibody therapy against them or their signaling downstream molecules such as STAT3 and MAPK might help a lot (Johnson et al., 2018).
Tumor-associated macrophages (TAMs), which contribute to local tumor growth, often express some angiogenesis-promoting factors (e.g., EGFR ligands and VEGF) and immune-suppressing factors (e.g., TGF-β and IL-10), contributing to tumor growth and metastasis. Thus, monoclonal antibody therapies targeting these molecules could relieve the tumor burden to some extent. Inhibition of CSF1/CSF1R could suppress proliferation, differentiation, and survival of monocytes and macrophages and has been examined through multiple types of cancers (Strachan et al., 2013; Chitu and Stanley, 2017). In addition, CCR2 inhibition and PI3K inhibition, which could be used to restrict TAM recruitment into tumor sites (Okkenhaug, 2013; Le et al., 2018), might also reduce the recruitment and accumulation of TAMs into OSCC local lesions. Since TAMs tend to get accumulated inside tumor sites in OSCC patients with a smoking habit or high abundance of F. nucleatum, the strategies targeting TAMs discussed above were necessary.
Adoptive Cell Therapy
Adoptive cell therapy (ACT) is a new form of immunotherapy in which autologous immune cells (mainly T cells) from peripheral blood were engineered ex vivo to express tumor-specific transgenic antigen receptors such as chimeric antigen receptors (CARs) or T cell receptors (TCRs) (Wang and Cao, 2020). Despite the application of CD19-directed CAR-T cells having shown remarkable success in the treatment of CD19+ B cell malignancies, there are some obstacles to this method for solid tumors due to the heterogeneity of antigens expressed in solid tumors (Chan et al., 2021) and the immunosuppressive tumor microenvironment (Yeku et al., 2017). However, investigations into its solutions never stop. CAR-T cell therapy targeting ErbB family receptors has attracted a lot of interest in the treatment of head and neck cancer and was evaluated in ongoing phase I clinical trails (van Schalkwyk et al., 2013; Yeku et al., 2017). In addition, engineered T cells expressing the dendritic cell growth factor Flt3L were reported to overcome the clinical problem of antigen-negative tumor escape following ACT (Lai et al., 2020). Besides, many scholars demonstrate that the combination of ACT and approaches targeting immune check-point receptors would enhance anti-tumor immunity in vivo (Liu et al., 2017; Chan et al., 2021). Similarly, other therapies, such as NK cell adoptive transferring and NK cell manufacture, which have not been broadly used, might also be applied in clinical treatment in the future. In conclusion, ACT, mentioned above, has a promising future in OSCC treatment and helps solve the T cell and NK cell exhaustion in TME even though more scientific research studies are still necessary.
DISCUSSION
In this review, an abnormal immune status during the progress of OSCC was depicted first. Complete analysis of immune abnormalities caused by different oral cancer–related carcinogens was then accomplished. Based on different types of immune abnormalities induced by different carcinogens, possible individual immunotherapeutic strategies dependent on carcinogen-induced immune abnormalities were figured out as a way to possibly overcome heterogeneity of OSCC patients and enhance clinical efficacy of immunotherapies.
Nowadays, surgical resection still remains the predominant method for treatment of OSCC. However, the heavy financial and physical burden of surgical operation has become an insurmountable hurdle for lots of OSCC patients (Hamoir et al., 2014). In this condition, some alternative treatment methods, including immunotherapy, deserve further attempts during the treatment process of OSCC. Heterogeneity among different cancer patients acts as a main obstacle for common applications of immunotherapies among multiple cancers, OSCC included (Caswell and Swanton, 2017). Until now, multiple studies have focused on creating personalized therapies for HNSCC (Baird et al., 2018), and subgroup division seems to be an effective way for this. Until now, some subgroup division standards based on HPV status, age, and cetuximab history have failed to contribute greatly to enhancing the efficacy of immunotherapy in OSCC (Cramer et al., 2019). Different types of local immune abnormalities caused by different carcinogens suggest that subgroup division standard based on carcinogens, in combination with specific judgment of the patient immune status, might help achieve individual-targeted immunotherapy and improve the clinical outcome of immunotherapy-treated patients to a great extent.
Nevertheless, lack of systemic studies for influence of different carcinogens on the OSCC local immune status is a defect for our review, so we could only predict possible immune alternations and corresponding therapeutic strategies for OSCC. Further studies are still necessary to verify these possibilities. Besides, occurrence of OSCC depends not only on carcinogens but also genetic abnormalities, which means carcinogen-based immunotherapies might not completely explain and overcome heterogeneity of OSCC patients. In addition, a specific OSCC patient might be under the influence of more than one type of carcinogen, which might render the local immune microenvironment more complex and harder to be predicted. Multiple factor–associated OSCC has long become a challenge for chemotherapy, as different types of carcinogens would produce a complex network regulating patterns, making it an extreme dilemma for researchers. Until now, studies about OSCC chemotherapy have all focused on the influence of a single carcinogenic factor, while no such clinical study aimed at figuring out multiple factor–induced immune variations has been completed yet. Based on this research status, efforts were made in this manuscript to describe and summarize immune status variations induced by every specific OSCC carcinogen and changes of a specific immune status associated with multiple types of OSCC carcinogens. Thus, our review only aimed at a complete analysis and summarization of current knowledge about single-carcinogen–induced immune abnormalities in OSCC. Obviously, more clinical experiments focused on this issue ought to be conducted to confirm our assumption, constructing a better strategy to expand application of immunotherapies during the OSCC treatment process.
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Immune response which involves distinct immune cells is associated with prognosis of breast cancer. Nonetheless, less study have determined the associations of different types of immune cells with patient survival and treatment response. In this study, A total of 1,502 estrogen receptor(ER)-negative breast cancers from public databases were used to infer the proportions of 22 subsets of immune cells. Another 320 ER-negative breast cancer patients from Guangdong Provincial People’s Hospital were also included and divided into the testing and validation cohorts. CD8+ T cells, CD4+ T cells, B cells, and M1 macrophages were associated with favourable outcome (all p <0.01), whereas Treg cells were strongly associated with poor outcome (p = 0.005). Using the LASSO model, we classified patients into the stromal immunotype A and B subgroups according to immunoscores. The 10 years OS and DFS rates were significantly higher in the immunotype A subgroup than immunotype B subgroup. Stromal immunotype was identified as an independent prognostic indicator in multivariate analysis in all cohorts and was also related to pathological complete response(pCR) after neoadjuvant chemotherapy. The nomogram that integrated the immunotype and clinicopathologic features showed good predictive accuracy for pCR and discriminatory power. The stromal immunotype A subgroup had higher expression levels of immune checkpoint molecules (PD-L1, PD-1, and CTLA-4) and cytokines (IL-2, INF-γ, and TGF-β). In addition, patients with immunotype A and B diseases had distinct mutation signatures. Therefore, The stromal immunotypes could predict survival and responses of ER-negative breast cancer patients to neoadjuvant chemotherapy.
Keywords: breast cancer, stromal immunotype, prognosis, biomarker, neoadjuvant chemotherapy
INTRODUCTION
Breast cancer is the most common cancer in women and a leading cancer worldwide. Genomic changes in cancer cells may be used to predict prognosis and treatment responses as well as to develop new targeted therapy (Cancer Genome Altas Network, 2012; Curtis et al., 2012; Ali et al., 2014; Ji et al., 2019). Recently, it has been reported that the tumor microenvironment also played an important role in tumor progression and chemotherapy efficacy. breast cancer is composed of a mixtures of cancer cells and non-cancer cells such as stromal cells, vascular cells, and tumor-infiltrating lymphocytes (TILs), with the roles of non-cancer cells remain unclear. Among the non-cancer cells, TIL values have been reported to be associated with pathologically complete response (pCR) and prolonged overall survival (OS) in patients with breast cancer (Ladoire et al., 2008; Kitano et al., 2017; Luen et al., 2017), it also could be used as a drug target, but the roles of specific immune cells have not been well clarified. To better understand the diverse immune cells of breast cancer to the response of treatment and construct the classification of stromal immunotype for survival prediction, we enumerate immune cells in a way that accounts for the breadth of their specialized functions, and to reliably investigate the interaction of the immune response with breast cancer, and finally find the effective parameters to support the personalized therapy.
Therefore, the aim of this study was to quantify the composition of immune cells and investigate their relationships with responses to neoadjuvant chemotherapy and survival of breast cancer patients.
PATIENTS AND METHODS
Study Population
The present study was approved by the Ethics Committee of the Guangdong Provincial People’s Hospital. Three independent cohorts of patients with breast cancer were included. The training cohort was comprised of 1,502 estrogen receptor(ER)-negative breast cancer patients with gene expression data from the public studies, details of patients from public studies can be found in corresponding publications(Supplementary Table S1), some data were compiled and created as previously described (Haibe-Kains et al., 2012; Ali et al., 2016). some data were downloaded from Gene Expression Omnibus and ArrayExpress(TCGA and METABRIC). After excluding patients with comorbidities (e.g., other malignant tumors), incomplete follow-up data, and metastatic disease, 320 patients with pathologically diagnosed ER-negative breast cancer using needle core biopsy at the Guangdong Provincial People’s Hospital between June 2009 and December 2015 were selected and randomly divided into the testing cohort (n = 218) and the validation cohort (n = 102) by using computer-generated random numbers. pCR was defined as the absence of any residual invasive carcinoma or DCIS on pathologic review of a surgical specimen following neoadjuvant chemotherapy. The study design is shown in Supplementary Figure S1. Informed consent was signed by each patient to allow the use of their data in clinical researches.
Immunoscore Establishment
Normalized gene expression data were used to infer the relative proportions of 22 types of infiltrating immune cells using the CIBERSORT algorithm. For the TCGA dataset, RNA sequencing data were transformed using voom, converting count data to values more similar to those resulting from microarrays (Cancer Genome Altas Network, 2012; Law et al., 2014). The CIBERSORT is a well-designed method for the analysis of microarray gene expression profiles (Ali et al., 2016; Li et al., 2019). The LM22 file covers 547 genes that can be used to accurately discriminate 22 distinct functional subsets of immune cells and activation states including seven T cell types, naive and memory B cells, plasma cells, NK cells, and myeloid subsets. So in our study, we used the CIBERSORT and the LM22 gene signature file to estimate the fractions of diverse immune cells in the patients. The associations of immune cells with the OS and disease-free survival (DFS) of patients in the training cohort were analyzed using the estimated fractions by univariate analysis. The COX regression analysis with the least absolute shrinkage and selection operator (LASSO) model was used to develop an immunoscore for the classification of immunotypes A and B breast cancer (Figures 1A–C).
[image: Figure 1]FIGURE 1 | (A) Fraction data of the 22 types of immune cells. (B) LASSO coefficient profiles of the five selected stromal features for overall survival. (C) Partial likelihood deviance of the LASSO coefficient profiles for overall survival.
Immunohistochemistry and Evaluation of Immunostaining
The identified survival-associated immune cells were stained with different antibodies in the testing and validation cohorts. IHC was performed as described in our previous studies (Ji et al., 2015; Ji et al., 2018). The following markers were used: CD4 (for CD4+ T cells, ab133616, Abcam, MA, United States), CD8 (for CD8+ T cells, ab93278, Abcam, MA, United States), CD20 (for B cells, ab78237, Abcam, MA, United States), CD80 (for M1 macrophages, ab134120, Abcam, MA, United States), and FOXP3 (for regulatory T cells, ab215206, Abcam, MA, United States). The following antibodies were used for staining: interleukin-2(IL-2,ab92381,Abcam, MA, United States), interferon-gamma (INF-γ, ab231036,Abcam, MA, United States), transforming growth factor-β2(TGF-β2, ab53778, Abcam, MA, United States), programmed cell death 1 ligand 1, (PD-L1,ab228415, Abcam, MA, United States), programmed cell death-1(PD-1, ab234444, Abcam, MA, United States), cytotoxic T lymphocyte-associated antigen-4(CTLA-4,ab228229,Abcam, MA, United States). The sections were incubated with pre-diluted primary polyclonal antibodies at 4°C overnight. The sections stained without primary antibodies were used as negative controls. The stained immune cells in three random areas of stroma and tumor core at ×200 magnification were counted. Two pathologists blinded to the clinicopathological data scored all samples independently, and the mean count was adopted.
Statistical Analysis
The coefficients and partial likelihood deviance for each prognostic feature were calculated with the “glmnet” package in the R program. The LASSO Cox regression model was used to estimate the ideal coefficient and likelihood deviance. Restricted cubic spline regression was used to characterize the relationship between immune score and patient survival in all three cohorts. Besides, The nomogram integrating immune type and clinical parameters was constructed according to results of the multivariate logistic regression models. Based on the identified prognostic factors, the nomogram could be utilized to predict pCR after neoadjuvant chemotherapy. The discriminative capabilities of the nomogram was assessed by the area under the receiver operating characteristic curve (ROC). The differentially enriched pathways between stromal immunotypes A and B breast cancer were identified using the Gene Set Enrichment Analysis. Statistical analyses were performed using the MedCalc software (version 18; MedCalc, Mariakerke, Belgium), Stata (vension 14; StataCorp, College Station, TX), and R software packages (version 3.4.2; The R foundation for Statistical Computing, http://www.-rproject.org/).
RESULTS
Stromal Immunoscore and Stromal Immunotype
The fractions of the 22 types of immune cells are showed in Figure 1. Among them, five types (CD8+ T cells, CD4+ T cells, B cells, M1 macrophages, and Treg cells) were significantly associated with OS and DFS (Supplementary Figure S2), so we chose these five types as research cells. In the testing and validation cohorts, the mean densities of B cells, CD8+ T cells, CD4+ T cells, Treg cells, and M1 macrophages in the stroma were higher than the densities in tumor core (38.320, 77.234, 45.291, 26.291, and 71.248 cells/mm2 Vs 9.580, 25.745, 10.065,6.5728, and 24.568 cells/mm2, respectively). (Figure 2). The immune cell infiltration in the stroma was significantly associated with the OS of ER-negative breast cancer (Supplementary Table S2). The representative images of these immune cells are shown in Figure 2. We built prognostic classifiers by using the LASSO COX model in the training cohort (Supplementary Table S1; Figure 1) and calculated the coefficients using the following formulas: IS = 2.202 × Treg cell count—3.455 × B cell count—2.559 × CD8+ T cell count—2.077 × CD4+ T cell count—2.074 × M1 macrophage count. Therefore, We classified patients into immunotype A and immunotype B groups based on the median immunoscore. Clinical characteristics of patients with breast cancer of stromal immunotypes A and B in the training cohort and the testing and validation cohorts did not vary significantly (Table 1).
[image: Figure 2]FIGURE 2 | (A) Tumor infiltration of B cells, CD8+ T cells, CD4+ T cells, Treg cells and M1 macrophage cells in breast cancer patients. (B) Tumor infiltration density of B cells, CD8+ T cells, CD4+ T cells, Treg cells and M1 macrophage cells in testing and validation cohorts.
TABLE 1 | Clinical characteristics of patients according to the stromal immunotype in the training, testing and validation cohorts.
[image: Table 1]Association of Stromal Immunotype With Patient Survival
As shown in Figure 3, tumors with high immunoscore generally contained increased Treg cells and reduced B cells, CD8+ T cells, CD4+ T cells, and M1 macrophages. Therefore, patients in each of the three cohorts were divided into a stromal immunotype A subgroup (CD8+ T cellshigh, CD4+ T cellshigh, B cellshigh, M1 macrophageshigh, and Treg cellslow) and a stromal immunotype B subgroup (CD8+ T cellslow, CD4+ T cellslow, B cellslow, M1 macrophageslow, and Treg cellshigh). Patients in the immunotype B subgroup had a higher death rate as well as shorter DFS and OS than patients in the immunotype A subgroup. The 10-years DFS and OS rates were significantly higher in patients immunotype A disease than in those with immunotype B disease in the training (DFS: 63.7 vs. 44.5%, p < 0.001; OS: 66.0 vs. 49.9%, p < 0.001), testing (DFS: 40.2 vs. 17.6%, p = 0.025; OS: 32.0 vs. 20.7%, p = 0.034), and validation cohorts (DFS: 66.5 vs. 27.0%, p = 0.020; OS: 61.7 vs. 34.4%, p = 0.029) (Figure 4).
[image: Figure 3]FIGURE 3 | Correlate immunotype with overall survival in training cohort, testing cohort and validation cohort. Hierarchical tree structure classifying the patients of the training cohort (A) the patients of the testing cohort. (B) and the patients of the validation cohort. (C) according to the levels of five immune cell cluster features: high expression (green) and low expression (brown). OS status showed 0: survival; 1: death.
[image: Figure 4]FIGURE 4 | Patients with immunotype B had significantly worse overall survival (A–C) and disease-free survival (D–F) than patients with immunotype A in all three cohorts.
Association of Stromal Immunotype With Response to Neoadjuvant Chemotherapy
To quantitatively predict responses to neoadjuvant chemotherapy, we constructed a nomogram which integrated both stromal immunotype and clinicopathological factors using the data from the testing cohort and validated it using the data from the validation cohort. First, we analyzed the relationships between pCR and clinicopathologic characteristics and found that the rate of pCR was associated with tumor size, histologic grade, HER2 status, TNM stage, immunotype in the testing cohort and the validation cohort (all p < 0.05) (Table 2). Multivariate logistic analyses in both cohorts showed that histologic grade, TNM stage, HER2 status, and immunotype were independent predictors for pCR (all p < 0.05) (Table 3). Therefore, we constructed a nomogram using these factors (Figure 5). The calibration plots and ROC curve (AUC: 0.8128) showed that the derived nomogram performed well, with a high pCR-predictive ability in the validation cohort (AUC: 0.7199). Interestingly, the predictive accuracy of our nomogram was higher than that of the TNM staging system in both cohorts (AUC: 0.6129 and 0.6043).
TABLE 2 | The relationship between pCR and clinicopathologic characters in testing cohort and validation cohort.
[image: Table 2]TABLE 3 | Multivariate logistic regression analysis.
[image: Table 3][image: Figure 5]FIGURE 5 | Nomograms (for pCR) that integrated the immunotype and clinicopathologic risk factors (A). Calibration curves showing the discriminatory power of the nomogram for pCR in testing and validation cohorts (B). ROC curves showing the predictive accuracy of the nomogram for pCR and the predictive accuracy was higher than that of the TNM staging system in both testing and validation cohorts (C).
Identification of Stromal Immunotype-Associated Biological Pathways and Immune Checkpoint Molecules
By IHC staining, we found three important cytokines (IL-2, INF-γ, and TGF-β) that were differently expressed between immunotype A and B subgroups. IL-2, INF-γ expression was significantly higher in the immunotype A subgroup, and TGF-β expression was significantly higher in the immunotype B subgroup (Figure 6). Furthermore, the expression levels of several immune checkpoint molecules (PD-L1, PD-1, and CTLA-4) were significantly higher in the immunotype A subgroup than in the immunotype B subgroup (Figure 6). The Gene Set Enrichment Analysis showed that the T-cell receptor signaling pathway, B-cell receptor signaling pathway, and NK cell-mediated immunity were highly enriched in the immunotype A subgroup (Figure 6).
[image: Figure 6]FIGURE 6 | The expression of immunomarkers and signal pathway of stromal immunotypes. The representative immunohistochemistry images of IL-2, IFN-γ, TGF-β2 (A). The associations of immunotype with the immune check-point markers (B). Three enriched biology pathways related with different stromal immunotypes (C).
DISCUSSION
Tumor microenvironment is involved in not only the progression but also the responses to anticancer therapies and outcomes of breast cancer (Yu et al., 2017). TILs in the microenvironment can be used to monitor the immune response and are important in predicting treatment responses in many cancers (Asano et al., 2016). Denkert et al. (Denkert et al., 2018) have demonstrated that increased TIL concentration was associated with good response to neoadjuvant chemotherapy in all molecular subtypes of breast cancer and with a survival benefit in HER2-positive and triple-negative breast cancer. TILs include various types of immune cells. Some types of TILs have been shown to be associated with survival or proliferation of cancer cells, for example, high Treg cell count was related to poor clinical outcomes (McCoy et al., 2015). However, not all TILs have definitive prognostic values. Therefore, we applied the CIBERSORT algorithm (Ali et al., 2016) to estimate the relative proportions of 22 distinct functional subsets of immune cells in ER-negative breast cancer patients. CD8+ T cells, CD4+ T cells, B cells, M1 macrophages, and Treg cells with significant prognostic values were selected using univariate cox regression. Then five selected types of immune cells were used to build a stromal immunotype. The immunotype not only indicated the bio-immunological information of breast cancer but also showed the location information of immune cell infiltration, giving us a clear preview of immune contexture. With further analysis, tumors with high immunoscore (immunotype B) consisted of high levels of Treg cells and low levels of B cells, CD8+ T cells, CD4+ T cells, and M1 macrophages, while tumors with low immunoscore (immunotype A) consisted of low levels of Treg cells and high levels of B cells, CD8+ T cells, CD4+ T cells, and M1 macrophages. Patients in the immunotype B subgroup had significantly shorter OS and DFS than those in the immunotype A subgroup.
Interleukin-2 (IL-2), a cell growth factor in the immune system, can promote the proliferation of Th0 and CTL. IFN-γ, a multifunctional cytokine, plays an important role in promoting antigen presentation and enhancing the activity of macrophages and natural killer cells. TGF-β regulates tumor-stroma interactions, angiogenesis, and metastasis and shows an immunosuppressive function, inhibiting the proliferation and activity of CTL and B cells, while promoting the proliferation of M2 macrophages (Sia et al., 2017; Xue et al., 2020). Interestingly, in the present study, we found that IL-2 and IFN-γ were increased in the immunotype A patients, whereas the TGF-β-mediated immunosuppression pathway was elevated in immunotype B patients. What’s more, the Gene Set Enrichment Analysis showed that the B-cell receptor signaling pathway, T cell-mediated pathway, and NK cell-mediated immunity were highly enriched in immunotype A patients. All these findings suggest that immunotype A indicates a hyperimmune state, with a strong tumor-immune cell interaction. CD4+ T-cells in immunotype A may play an important role in recruiting and modulating cytotoxic T-cells in antitumor immunity and CD4+ T-cell activity contributes to the full function of CD8+ cytotoxic T-cells, which is effective for tumor control. While immunotype B indicates a status of immunosuppression for the level of Tregs. These may also explain the prognostic heterogeneity in patients with different immunotypes. In addition, we found that immunotype A was associated with high expression levels of immune checkpoint molecules and cytokines, suggesting that immune checkpoint inhibitor might work well in this subgroup. Therefore, the stromal immunotype might be used to predict responses to immunotherapy.
Recently, many studies focused on biomarkers that were highly associated with treatment responses such as chemotherapy (Lee et al., 2019; Al Amri et al., 2020; Jiao et al., 2020; Valdés-Ferrada et al., 2020; Zhao et al., 2020), and most of them focused on signatures of genes, microRNAs, lncRNAs, and epigenetic biomarkers for the prediction of long-term survival in patients with tumor. However, these signatures cannot be widely used in clinic because of the variability in gene sequencing methods, the inconvenience in the use of assay platforms, and the requirement for specialized analyses. In the present study, we quantified immune cells using IHC staining, which might be easily applied in clinical practice. Moreover, breast cancer has heterogeneous prognosis. To better predict the responses after neoadjuvant chemotherapy, we constructed a nomogram combining clinical characteristics and immunotype. The calibration plots and ROC curve showed that the derived nomogram outperformed the TNM staging system (the 7th edition).
The present study had several limitations. First, as a retrospective study with relatively small sample sizes, our results need to be validated in a prospective study with larger cohorts. Second, not all of the 22 subsets of immune cells were analyzed. We selected only five subsets using the CIBERSORT method. Other important immunotypes such as neutrophil infiltration might also be valuable, but were not analyzed in the present study. The immunotype classification needs to be optimized with more important immune markers being identified. Third, the underlying mechanisms of the relationship between immunotype and patient prognosis were not well investigated. The role of the immune profile in the development and invasion of breast cancer needs to be further investigated.
In conclusion, immune cell infiltration in breast cancer is associated with prognosis. We defined two immunotypes by integrating the indicators of the immune cell infiltration, which could be used to predict survival and responses of breast cancer patients to neoadjuvant treatment. The immunotypes might also have significant implications in immunotherapy for the patients who are insensitive to chemotherapy.
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Background: Recently, many studies have suggested that bilirubin is associated with the prognosis of colorectal cancer (CRC). Conversely, there is substantial evidence that lactate dehydrogenase (LDH) levels are associated with the prognosis of cancer. Therefore, we sought to find a novel marker based on the above to predict prognosis in patients with resectable CRC.
Methods: A total of 702 patients from Hubei Cancer Hospital were included. The whole population was randomly divided into training (n = 491) and testing (n = 211) cohorts. Next, we established a new index based on direct bilirubin, indirect bilirubin and LDH levels. Chi-square tests, Kaplan-Meier survival analyses, and Cox regression analyses were used to evaluate prognosis. The prediction accuracies of models for overall survival (OS) and disease-free survival (DFS) were estimated through Harrell’s concordance index (C-index) and the Brier score.
Results: The median DFS duration was 32 months (range: 0–72.6 months), whereas the median OS duration was 35 months (range: 0 months–73.8 months). In addition, a new indicator, (DIR.LDH) (HR: 1.433; 95% CI, 1.069–1.920) could independently predict outcomes in CRC patients. Moreover, the module based on DIR. LDH was found to have exceptional performance for predicting OS and DFS. The C-index of the nomogram for OS was 0.802 (95% CI, 0.76–0.85) in the training cohort and 0.829 (95% CI, 0.77–0.89) in the testing cohort. The C-index of the nomogram for DFS was 0.774 (95% CI, 0.74–0.81) in the training cohort and 0.775 (95% CI, 0.71–0.84) in the testing cohort.
Conclusion: We successfully established a novel module to guide clinical decision-making for CRC.
Keywords: colorectal cancer, prognosis, nomogram, bilirubin, lactate dehydrogenase
INTRODUCTION
Colorectal cancer (CRC) is the second most common cause of cancer-related death in the United States. In 2020, there were approximately 147,950 new cases and 53,200 deaths (Siegel et al., 2020). In China, it is the fifth most commonly diagnosed cancer and the fifth most common cause cancer-related death. The incidence of CRC has risen over the past decade, making it the third most common cancer in men (12.8%) and women (11.3%) (Chen et al., 2019). CRC is the fifth leading cause of cancer-related death in men (8.0%) (the top three being lung, liver, and stomach cancer), whereas among women, it is the third leading cause (9.8%) (the top two being lung and stomach cancer) (Feng et al., 2019). At present, surgical treatment is still the most important and decisive method for the treatment of CRC, but the effect of single surgical resection is often not satisfactory. Radiotherapy and chemotherapy, immunotherapy, and targeted therapy are becoming increasingly important colorectal cancer treatment options. However, there are still few predictors of efficacy that can truly guide clinical decision making. Therefore, there is an urgent need to identify effective prognostic markers for the stratified management of cancer patients.
Bilirubin is the main metabolite of iron porphyrin compounds in the body. It is toxic and can cause irreversible damage to the brain and nervous system, but it also has antioxidant functions and can inhibit the oxidation of linoleic acid and phospholipids. Studies from the past decade have indicated that mildly elevated serum bilirubin levels are closely associated with a reduced prevalence of chronic diseases, such as cardiovascular disease (Wagner et al., 2015). Recent data have suggested that bilirubin levels are associated with cancer prognosis. Therefore, bilirubin levels, as a biomarker of some diseases, have important clinical significance.
Lactate dehydrogenase (LDH) is a well-known diagnostic marker for myocardial infarction, liver dysfunction and various types of myopathies (Wróblewski and Gregory, 1961; Mg and Mj, 1964; Kopperschläger and Kirchberger, 1996a). However, some researchers found that LDH levels were also elevated in cancer patients. Elevated LDH levels are associated with the recurrence and metastasis of several tumours, such as pancreatic carcinoma, non-small-cell lung cancer, hepatocellular carcinoma and CRC (Tas et al., 2001a; Danner et al., 2010).
Therefore, we attempted to combine serum bilirubin and LDH levels to explore a new prognostic marker for CRC patients and establish a prognostic model with resectable colorectal cancer patients.
MATERIALS AND METHODS
Study Population
In total, 702 patients with histopathologically confirmed CRC who had undergone resection of the primary lesion at Hubei Cancer Hospital, Hubei, China, between January 2013 and December 2016 were enrolled in our retrospective study. The following baseline indicators were analysed: age, sex, family history, history of smoking and drinking, stage of TNM and some pathological conditions, including tumour differentiation, location, nerve infiltration status, circumferential margin status, and vascular cancer embolus status. Importantly, LDH, direct bilirubin (DBIL), indirect bilirubin (IDBIL), carcinoembryonic antigen (CEA), and carbohydrate antigen 19-9 (CA199) levels were also retrieved the week before surgery. The following inclusion criteria were used: 1) age ≥18 years; 2) primary CRC patients; and 3) patients who had radical surgery. The exclusion criteria were as follows: 1) cooccurrence of other cancers and 2) patients lacking clinical data. This study was supported by the Ethics Committee and Institutional Review Board of Hubei Cancer Hospital. In addition, all patients provided informed consent.
Blood Sample Analysis
Routine preoperative blood examinations were performed within 1 week before surgery. The DIR was defined as the level of direct bilirubin divided by the level of indirect bilirubin. Next, we divided patients into a high-level group or a low-level group according to the cut-off values of the DIR and LDH levels. Patients with low DIR and LDH levels were assigned a score of 0, those with a high DIR level or a high LDH level were assigned a score of 1, and those with high DIR and LDH levels were assigned a score of 2.
We randomly divided the total sample into a training cohort (70%) and a testing cohort (30%). The training group was used to determine the cut-off values and establish the prediction model, while the validation group was used to test the performance of the new index and the prediction model.
Statistical Analyses
The chi-square test or Fisher’s exact test was used to compare differences between groups. By using cut-off values obtained via receiver operating characteristic (ROC) curve analyses, continuous variables were transformed into categorical variables. The Kaplan-Meier method was used to establish the survival curves, and the log-rank test was used to analyse the differences between groups. Multivariate Cox regression analyses were performed to identify independent prognostic factors. Harrell’s concordance index (the C-index) and the Brier score were used to estimate the efficacy of the models. Time-dependent ROC curves, calibration curves, and nomograms were plotted to visualize the performance of the models. Differences with a two-tailed p value < 0.05 were considered statistically significant. The time-dependent ROC curve, calibration curve, and nomogram were generated using the “survival ROC,” “time ROC,” “pec” and “regplot” packages of R 3.6.0 (The R Foundation for Statistical Computing, Vienna, Austria).
RESULTS
Pooled Population
Our study included a cohort of 702 patients with a diagnosis of CRC (clinical and pathological characteristics are listed in Table 1). In the whole cohort, 22.5% of patients had rectal cancer, and 59.6% had right-sided colon cancer. Approximately 64.1% of patients had negative lymph nodes. Of note, 13.6 and 75.6% of patients had poorly differentiated and moderately differentiated tumours, respectively. In addition, 10.8% of patients had stage 1 disease, 33.7% had stage 2 disease, and 36.4% had stage 3 disease. Moreover, 69.8% of patients received neoadjuvant chemotherapy, and 5.9% of patients received postoperative adjuvant radiotherapy. According to the ROC curve, the optimal cut-off values for the DIR and LDH levels were 0.42 and 221 (IU/L), respectively.
TABLE 1 | Demographic and tumor characteristics of colorectal cancer patients.
[image: Table 1]Training Cohort
The training cohort included 491 patients. We found that OS and DFS differed in the total cohort, the training cohort or the validation cohort according to the DIR and LDH levels (DIR.LDH) (Figure 1). In addition, we found that the DIR. LDH was associated with the TNM stage (p < 0.001), the tumour location (p < 0.001), a history of smoking (p = 0.007), and CEA (p < 0.001) and CA199 levels (p < 0.001) (Table 1). In contrast, differentiation was not associated with DIR.LDH. In the univariate regression analysis, we found that the DIR.LDH, lymph node ratio, differentiation, TNM stage, circumferential margin, vascular cancer embolus, nerve infiltration, and CEA and CA199 levels might be independent prognostic factors for DFS and OS, and we included the above indicators in the multivariate regression analysis and found that DIR.LDH was indeed an independent prognostic factor for patients with CRC (Table 2). Next, we added the above significant indicators and some baseline indicators to our nomogram plot. Finally, we established two prognostic models for OS and DFS based on DIR.LDH.
TABLE 2 | Univariate and multivariate analyses of the factors affecting overall survival and disease-free survival by Cox proportional hazard model.
[image: Table 2][image: Figure 1]FIGURE 1 | Kaplan-Meier survival analyses of DIR.LDH in the whole cohort (A,D), training cohort (B,E) and testing cohort (C,F). Abbreviations: DIR, direct bilirubin/indirect bilirubin; LDH, lactate dehydrogenase; DIR.LDH, the combination of DIR and LDH.
Ultimately, age, sex, TNM stage, status of circumferential margin, status of vascular cancer embolus, status of nerve infiltration, differentiation, DIR.LDH, lymph node ratio, and CEA and CA199 levels were included in the nomogram. In the training cohort, the C-index of the prognostic model for OS based on age, sex, TNM stage, circumferential margin status, vascular cancer embolus status, nerve infiltration status, differentiation, DIR.LDH, lymph node ratio, location, CEA and CA199 levels was 0.802 (95% CI, 0.76–0.85). The C-index of the prognostic model for DFS based on age, sex, TNM stage, circumferential margin status, nerve infiltration status, differentiation, DIR. LDH, lymph node ratio, location, CEA and CA199 levels was 0.774 (95% CI, 0.74–0.81). We used one- and 3-year time-dependent ROC curves to determine the performance of the two models (Figures 2A,C). The area under the curve (AUC) values, which were 0.813 for 1-year OS and 0.825 for 3-year OS in the training set, were used to illustrate the predictive power of the two models. Furthermore, the AUC values for 1-year and 3-year DFS were 0.814 and 0.815 in the training set, respectively. In addition, the AUC values (95% CIs) of the two models were stable (Figures 2E,G), and the calibration curves showed good consistency between the predictions and observations in the 1-year and 3-year OS and DFS probabilities, with Brier scores of 0.034 and 0.069 for OS and 0.078 and 0.122 for DFS, respectively (Figures 3A,C,E,G).
[image: Figure 2]FIGURE 2 | Time-dependent receiver operating characteristic (ROC) curves for the overall survival (OS) and disease-free survival (DFS)-associated nomograms for predicting 1-, 2- and 3-year survival rates and time-AUCs of the model. Time-dependent ROC curves from the nomograms for the prediction of OS and DFS rates in the training (A,C) and testing (B,D) sets. Time-AUCs from the nomograms for the prediction of OS and DFS rates in the training (E,G) and testing (F,H) sets.
[image: Figure 3]FIGURE 3 | One-year and 3-year calibration curves of the model. One-year calibration curves from the nomograms for the prediction of OS and DFS rates in the training (A,C) and testing (B,D) sets. Three-year calibration curves from the nomograms for the prediction of OS and DFS rates in the training (E,G) and testing (F,H) sets.
Nomograms for OS and DFS were plotted, as shown in Figures 4, 5, respectively.
[image: Figure 4]FIGURE 4 | Nomogram of the prognostic model for the OS of patients with colorectal cancer.
[image: Figure 5]FIGURE 5 | Nomogram of the prognostic model for the DFS of patients with colorectal cancer.
Testing Cohort
The testing cohort included 211 patients. The C-indices of the two models for DFS and OS were 0.775 (95% CI, 0.71–0.84) and 0.829 (95% CI, 0.77–0.89), respectively. One- and 3-year time-dependent ROC curves were used to verify the performance of the models (Figures 2B,D). Meanwhile, the AUC values of the 1-year and 3-year OS rates were 0.927 and 0.863 in the testing cohort, respectively. Furthermore, the AUC values of the 1-year and 3-year DFS rates were 0.827 and 0.795, respectively. The AUC values were stable over time (Figures 2F,H), and the calibration curves showed good consistency between the predictions and observations in the 1-year and 3-year OS and DFS probabilities, with Brier scores of 0.024 and 0.055 for OS and 0.070 and 0.113 for DFS, respectively (Figures 3D,F,H).
DISCUSSION
We found a new indicator, DIR. LDH, which was correlated not only with DFS but also with OS. More importantly, the prognostic model created with this metric in combination with other baseline values has high predictive performance for OS.
Bilirubin is involved in antioxidation and stress. Bilirubin inhibits complement induction by inhibiting the interaction between complement C1q and immunoglobulin, thereby inhibiting initial complement activation via classic pathways (Basiglio et al., 2010). However, few studies have reported that bilirubin is associated with the prognosis of CRC. It was reported that serum bilirubin was inversely related to total cancer mortality in a population-based cohort from Belgium (Temme et al., 2001). In addition, an association between baseline bilirubin levels and lung cancer has been reported (Horsfall et al., 2011; Wulaningsih et al., 2015). A real-world study showed that the cancer-related mortality risk of males linearly decreased as bilirubin increased, especially with reference to non-lung cancers (Temme et al., 2001). Another study showed that the relationship between unconjugated bilirubin (UCB) levels and CRC risk was related to sex, with high UCB levels being positively associated with CRC risk in men, and the opposite was true in women (Seyed Khoei et al., 2020). Therefore, our study combined the two and redefined new prognostic indicators, and the surprising findings have good prognostic value.
Some studies have shown that the glycolysis rate of malignant tumours is much higher than that of normal tissues in the tumour microenvironment, so the level of LDH will increase in malignant tumours. LDH can also participate in the formation of tumour blood vessels by mediating VEGF-A and VEGF receptor 1 overexpression (Tas et al., 2001b; Faloppi et al., 2016). Most importantly, LDH mediates immune escape from tumour cells by inhibiting immune function (Husain et al., 2013; Brand et al., 2016). Therefore, an increase in LDH levels through enzyme or gene regulation is considered to be beneficial to tumour growth (Certo et al., 2021). Moreover, for testicular cancer patients, LDH can be used to monitor patient outcomes and make decisions about therapeutic management (Hughes and Bishop, 1996; Shin and Kim, 2013). In the case of Wilms’ tumour, LDH is used as a marker in both diagnosis and monitoring the response to therapy (Schwartz, 1991; Kopperschläger and Kirchberger, 1996b; Pandian et al., 1997). Therefore, an elevated serum LDH level is an adverse prognostic factor for tumours.
In recent years, many studies have established prognostic models based on blood biomarkers. There is a very important reason why blood-based biomarkers are very reproducible, very quick to analyse and easy to use in clinical practice. We attempted to combine direct bilirubin, indirect bilirubin and LDH to explore a new predictor and establish a new prognostic model. Data analysis showed that our ideas are logical. A prognostic model based on age, sex, TNM stage, circumferential margin status, vascular cancer embolus status, nerve infiltration status, differentiation, DIR. LDH, lymph node ratio, location, CEA and CA199 levels was found to exhibit excellent predictive performance for OS [C-index: 0.802 (95% CI, 0.76–0.85) and Brier score: 0.034]. Another model based on age, sex, TNM stage, circumferential margin status, nerve infiltration status, differentiation, DIR.LDH, lymph node ratio, location, CEA and CA199 levels also exhibited excellent performance for DFS [C-index: 0.774 (95% CI, 0.74–0.81) and Brier score: 0.078]. More importantly, the model also showed good predictive performance in the testing sets. A previous model considering the mutation status and other parameters presented C-indices of 0.68 and 0.62 for progression-free survival (You et al., 2020).
There are some limitations to this study that should be mentioned. Most importantly, because this was a retrospective study, we did not include the genetic status of patients in our study. For RAS wild-type patients, there was a significant correlation between the efficacy of anti-EGFR mAb (cetuximab) and the tumour site, while no significant correlation between the efficacy of anti-VEGF mAb (bevacizumab) and the tumour site was observed. Cetuximab was superior to bevacizumab in objective response rate and overall survival in left colorectal cancer. In right-sided colon cancer, cetuximab is inferior to bevacizumab in terms of overall survival, although it may show an advantage with regard to the objective response rate (Tejpar et al., 2017). The 2020 NCCN recommended that patients with MSI-H/dMMR advanced colorectal cancer be treated with pembrolizumab and navurliumab (LE et al., 2015; Overman et al., 2016; Overman et al., 2018). Moreover, we did not consider the treatment modalities or the effects of targeted therapy and immunotherapy on prognostic markers. It is worth considering whether immunotherapy would have any effect on these blood-based indicators. In addition, due to the lack of relevant data, we regret that there is no external set to further verify our conclusions.
The advantages of this study are that we jointly considered changes in direct bilirubin, indirect bilirubin and LDH to establish two models that have excellent predictive performance, which has never been done before.
In conclusion, we innovatively combined the potential blood markers direct bilirubin, indirect bilirubin and LDH and further verified that our indicators were meaningful at different stages. Most importantly, we built a novel prognostic model based on direct bilirubin, indirect bilirubin and LDH to efficiently and practically predict the prognosis of CRC patients, and this model exhibited good predictive performance.
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Hepatitis B Virus Promotes Hepatocellular Carcinoma Progression Synergistically With Hepatic Stellate Cells via Facilitating the Expression and Secretion of ENPP2
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Background: Hepatitis B virus (HBV) infection is a major risk factor causing hepatocellular carcinoma (HCC) development, but the molecular mechanisms are not fully elucidated. It has been reported that virus infection induces ectonucleotide pyrophosphatase-phosphodiesterase 2 (ENPP2) expression, the latter participates in tumor progression. Therefore, the aim of the present study was to investigate whether HBV induced HCC malignancy via ENPP2.
Methods: HCC patient clinical data were collected and prognosis was analyzed. Transient transfection and stable ectopic expression of the HBV genome were established in hepatoma cell lines. Immunohistochemical staining, RT-qPCR, western blot, and ELISA assays were used to detect the expression and secretion of ENPP2. Finally, CCK-8, colony formation, and migration assays as well as a subcutaneous xenograft mouse model were used to investigate the influence of HBV infection, ENPP2 expression, and activated hepatic stellate cells (aHSCs) on HCC progression in vitro and in vivo.
Results: The data from cancer databases indicated that the level of ENPP2 was significant higher in HCC compared within normal liver tissues. Clinical relevance analysis using 158 HCC patients displayed that ENPP2 expression was positively correlated with poor overall survival and disease-free survival. Statistical analysis revealed that compared to HBV-negative HCC tissues, HBV-positive tissues expressed a higher level of ENPP2. In vitro, HBV upregulated ENPP2 expression and secretion in hepatoma cells and promoted hepatoma cell proliferation, colony formation, and migration via enhancement of ENPP2; downregulation of ENPP2 expression or inhibition of its function suppressed HCC progression. In addition, aHSCs strengthened hepatoma cell proliferation, migration in vitro, and promoted tumorigenesis synergistically with HBV in vivo; a loss-function assay further verified that ENPP2 is essential for HBV/aHSC-induced HCC progression.
Conclusion: HBV enhanced the expression and secretion of ENPP2 in hepatoma cells, combined with aHSCs to promote HCC progression via ENPP2.
Keywords: hepatitis B virus-related hepatocellular carcinoma, prognosis, ectonucleotide pyrophosphatase-phosphodiesterase 2, hepatic stellate cells, progression
INTRODUCTION
Globally, hepatocellular carcinoma (HCC) is the dominant type of liver cancer, accounting for approximately 75% of the total (McGlynn et al., 2021). Although there have been improvements in treatments for HCC, the prognosis and survival rate for patients remain unsatisfying due to limited effective therapeutic options (Zhong et al., 2021). Hepatitis B virus (HBV) infection is the most prominent risk factor causing HCC occurrence and development in developing countries (Yang et al., 2019; Llovet et al., 2021). Viral infection causes the transformation of the liver to benefit hepatocyte malignancy via genome integration, activating oncogenes (Levrero and Zucman-Rossi, 2016), and changing the immune response process to an immunosuppressive microenvironment, especially in HCC patients (Liu et al., 2016; Wang et al., 2018; Li et al., 2020), resulting in virus persistence and reactivation (Shi and Zheng, 2020). HBV reactivation is an independent risk factor for HCC patient survival and antiviral treatment is associated with prolonging the overall survival (OS) (Liu S. et al., 2020) and risk reduction of tumor recurrence after curative treatment for HBV-related HCC patients (Huang et al., 2017; Huang et al., 2018), while the exact molecular mechanisms for HCC aggressiveness induced by HBV are still unclear.
Ectonucleotide pyrophosphatase-phosphodiesterase 2 (ENPP2) is a secreted lysophospholipase D and is largely responsible for converting extracellular lysophosphatidylcholine (LPC) into lysophosphatidic acid (LPA) (Salgado-Polo et al., 2018). ENPP2 is essential for normal development, is implicated in various physiological processes, and is also associated with pathological conditions including cancer (Nishimasu et al., 2012). For instance, inhibiting ENPP2 decreases initial breast tumor growth and subsequent lung metastatic nodules in mice (Benesch et al., 2014), ENPP2 is highly secreted from ovarian cancer stem cells (CSC) (Seo et al., 2016), and the ENPP2/LPA signaling axis is critical for maintaining CSC characteristics (Seo et al., 2016), facilitating estrogen-induced endometrial cancer cell proliferation (Zhang et al., 2018) and promoting K-ras-(G12D)-driven lung cancer pathogenesis (Magkrioti et al., 2018). Aberrant ENPP2 expression has been observed in several chronic inflammatory diseases or malignant diseases (Barbayianni et al., 2015), such as in chronic liver disease patients of different etiologies. ENPP2 in turn activates hepatic stellate cells (HSCs) and promotes HCC development (Enooku et al., 2016; Kaffe et al., 2017). Besides, in Hodgkin lymphoma, high levels of ENPP2 are strongly positivity associated with Epstein-Barr virus (EBV), EBV infection results in the induction of ENPP2 and leads to the enhanced growth and survival of Hodgkin lymphoma cells via the ENPP2/LPA axis (Baumforth et al., 2005). During hepatitis C virus infection, the plasma level of ENPP2 and LPA in patients are elevated (Kostadinova et al., 2016). It has been reported that increases in serum ENPP2 activity and protein levels have been found in patients with chronic hepatitis B (Joshita et al., 2018). This means virus infection may enhance ENPP2 expression. However, whether HBV infection regulates the expression of ENPP2 in hepatocytes and the role of ENPP2 in HBV-related HCC malignancy are still unknown. Herein, we want to verify whether ENPP2 is a factor that connects HBV infection and tumor progression in HBV-related HCC.
In the present study, we firstly analyzed the expression differences of ENPP2 between normal liver and HCC tissue, especially comparing the differences in HBV-positive and -negative HCC tissues. The prognostic correlations of ENPP2 expression and HCC patients were analyzed. We then designed a series of in vitro and in vivo studies to observe whether HBV induced HCC progression via enhancement of the expression and secretion of ENPP2. Finally, since in liver tissue HBV infection not only transforms host cell hepatocytes and activates HSC through viral antigens (Martin-Vilchez et al., 2008; Zan et al., 2013; Gong et al., 2016; Zhang et al., 2020) and possibly through ENPP2 from hepatocytes (Kaffe et al., 2017), we analyzed the role of activated HSC (aHSC) in HBV-related HCC progression. These data can improve our understanding of the molecular mechanisms in HBV-related HCC malignancy.
MATERIALS AND METHODS
Hepatocellular Carcinoma Patients and Tumor Tissues
The clinicopathologic information of HCC patients and tumor tissues (n = 158) was obtained from Sun Yat-sen Memorial Hospital, Sun Yat-sen University. Patient informed consent was obtained and the procedure of human sample collection was approved by the Ethics Committee of Sun Yat-sen Memorial Hospital (ethical number 202101). Data including primary HCC and adjacent noncancerous liver tissues were obtained from Oncomine (https://www.oncomine.org) and GEPIA (http://gepia.cancer-pku.cn) databases. OS was defined as the interval between the date of surgery and the date of either death or the last follow-up. Disease-free survival (DFS) was defined as the interval between the date of surgery and the date of either tumor recurrence or metastasis.
Reagents
HBV replication-competent clone pSM2-HBV harboring a head-to-tail tandem dimer of the HBV genome (GenBank accession number: V01460) was provided by Dr. Hans Will (Heinrich-Pette-Institute, Germany). Small interfering RNAs (siRNAs) targeting ENPP2 were synthesized by Genepharma, Shanghai (sequences are listed in Supplementary Table S1). Secreted HBV surface antigen (HBsAg) and HBV e antigen (HBeAg) from cell culture media were detected by Roche Diagnostics (36461400, 33448500, respectively). Cultrex pathclear basement membrane extract (3432-010-01), an ELISA kit for detection of secreted ENPP2 (DENP20), and ENPP2 inhibitor PF-8380 (4078) were purchased from R&D system, United States. Cell counting kit-8 (CCK-8, 40203ES80) was purchased from Yeasen, China.
Cell Culture and Transfection
Human hepatoma cell lines HepG2, Huh7, immortalized hepatocyte L02, and immortalized activated hepatic stellate cell line LX-2 were maintained in DMEM supplemented with 1% penicillin/streptomycin, 10% fetal bovine serum (FBS, Gibco), and maintained at 37°C in a humidified 5% CO2 atmosphere. HepG2.2.15 was cultured with an additional 500 μg/ml of G418 (Apexbio, United States). Plasmid pSM2-HBV (1.5 μg) and siRNAs (30 nM) were transfected into cells seeded in 6-well culture plates using lipofectamine 3000 (Invitrogen, United States) according to the manufacturer’s instructions. The plasmid transfection and HBV expression efficiency were assessed according to published protocols (Deng et al., 2017).
Western Blotting Analysis
Whole cells were harvested 72 h after transfection and protein samples were subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and blotted with primary antibodies recognizing ENPP2 (ab77104, Abcam, British) and β-actin (Cell Signing, United States), respectively. Protein bands were visualized using ECL Plus western blotting detection reagents (Millipore, United States).
Enzyme-Linked Immunosorbent Assay
Secreted HBsAg and HBeAg in culture media from HCC cells were quantified by a double-antibody sandwich ELISA and compared to the cutoff value (the cutoff values were 0.05 for HBsAg and 1 for HBeAg). As for detection of secreted ENPP2, after balancing all reagents in the kit and samples to room temperature (RT), we added 100 μl of assay diluent RD1-34 to each well and then added 50 μl of standard, control, or sample per well in duplicate. The solutions were incubated for 2 h at RT on a horizontal orbital microplate shaker set at 500 rpm. Each well was aspirated and washed with wash buffer (400 μl) four times. A total of 200 μl of human ENPP2 conjugate was added to each well and incubated for 2 h at RT on the shaker. The solutions were aspirated and washed with wash buffer (400 μl) four times. A total of 200 μl of substrate solution was added to each well and incubated for 30 min at RT without light. Then, 50 μl of stop solution was added to each well and the optical density at 450 nm was detected with correction at 540 nm. A standard curve was constructed by plotting the mean absorbance for each standard on the y-axis against the concentration on the x-axis, and the concentration of ENPP2 for each sample was calculated according to the standard curve.
Quantitative Real-Time Polymerase Chain Reaction
Total RNAs were extracted using TRIzol reagent (Invitrogen, United States) and were reverse-transcribed with a PrimeScriptTM RT Reagent kit (Takara, Japan). RT-qPCR was performed with a 7500 Real-Time PCR system (Thermo Scientific, United States) using TB Green® Premix Ex Taq™ II as described by the manufacturer’s protocol (Takara, Japan). The enpp2 mRNA expression level was normalized to gapdh and quantified by the comparative CT (2−ΔΔCT) method and then multiplied by 106. All primers used for RT-qPCR are listed in Supplementary Table S1.
Cell Viability and Proliferation Assay
Cells were seeded in 96-well culture plates (Corning, United States) at a density of 5,000-10,000 cells/well, each sample seeded two wells. In order to detect the inhibitory ability of PF-8380, hepatoma cells were exposed to PF-8380 on the following day at various concentrations for 48 h. Cell proliferation was then measured by the CCK-8 assay according to the manufacturer’s instructions. The absorbance was determined at 450 nm with a SPARK 10M Microplate Reader (Tecan, Switzerland). The percentage of cell growth inhibition was calculated and the concentration of PF-8380 resulting in a 50% reduction in cell viability was denoted as the 50% inhibitory concentration (IC50).
Cell Migration Assay
The Transwell insert chambers (Corning, United States) was used to assess tumor cell migration ability. Briefly, after having assessed the cell viability, approximately 5–10×104 cells were suspended in serum-free DMEM and seeded into each well of the upper chamber for migration, and DMEM with 20% FBS or conditional media (CM) from LX-2 was added to the lower chamber as a chemoattractant. After 24/48 h of incubation, cells remaining in the upper chamber were removed with cotton swabs. The cells that passed through the membrane were fixed in 4% formaldehyde and stained with 0.1% crystal violet. Cells in at least three random microscopic fields (magnification, ×100) were counted.
Colony Formation Assay
For the colony formation assay, hepatoma cells were seeded in 6-well culture plates (500-1,000 cells/well), the culture medium or the LX-2 CM was replaced every 48 h. After 2 weeks of incubation, the number of colonies were counted in each well. A colony was counted as such when it had more than 50 cells. The capability of colony formation was evaluated by the colony formation number.
Immunohistochemistry
The expression of ENPP2 in the paraffin-embedded HCC samples was examined by IHC analysis. IHC experiments were performed as described previously (Xu et al., 2020), and sections were incubated with ENPP2 antibody (ab137590, Abcam, British, 1:400 dilution) overnight at 4°C. To evaluate ENPP2 expression, the scores were determined by the staining intensity and the percentage of positively stained areas. The final staining index was the sum of the staining intensity and extent scores. Staining intensity was scored according to the following standard: zero (negative), one (weak), two (moderate), or three (strong). Scores zero and one and scores two and three were divided into low and high ENPP2 expression groups, respectively. In addition, the extent of staining was scored as follows: zero (0%), one (<10%), two (10–35%), three (36–75%), or four (>75%). Scores zero, one, and two and scores three and four were divided into low and high ENPP2 expression groups, respectively. The clinical samples were reviewed and scored separately by two experienced pathologists.
In vivo Tumor Xenograft Formation
Four-week-old male BALB/c nude mice were purchased from Slyke, Shanghai, China and acclimated to their surroundings for approximately 1 week with food and water before experiments. Animal studies were carried out in the South China University of Technology and approved by the Laboratory Animal Welfare and Ethics Committee of the South China University of Technology (ethical number 2021046). All animal experiments conformed to the approved guidelines of Animal Care and Use Committee of South China University of Technology. All efforts were made to minimize suffering. Mice were randomly divided into six groups (six mice per group): HepG2, LX-2, HepG2+LX-2, HepG2.2.15, HepG2.2.15+LX-2+DMSO, and HepG2.2.15+LX-2+PF-8380. Cells suspended in PBS were mixed with Matrigel with a ratio of 1:1 on ice, and then 200 μl of the cell mixture was seeded into the right flank via subcutaneous injection (5×106 cells/mouse and hepatoma cell: LX-2 = 3 : 1). Once tumors were palpable, HepG2.2.15+LX-2 groups were injected intraperitoneally with vehicle (DMSO) or PF-8380 at 30 mg/kg body weight twice daily for 2 weeks. The length and the width of tumors were measured every 3 days. Tumor volume was calculated using the formula (volume = 0.5 × length × width2). Mice were anesthetized with isoflurane gas, and sacrificed by cervical dislocation. Tumors were excised, weighed, and their volumes were measured.
Statistical Analysis
All data are shown as mean ± standard deviation (SD). Statistical significance of differences was detected by Student’s two-tailed t-test between two groups and the ANOVA test for multiple comparisons using GraphPad Prism 5 software. Log-rank tests of Kaplan-Meier survival curves were conducted to elucidate the relationship between gene expression and patient survival. Differences were considered statistically significant at p < 0.05 (*p < 0.05, **p < 0.01, and ***p < 0.001).
RESULTS
Ectonucleotide Pyrophosphatase-Phosphodiesterase 2 Expression Is Positively Correlated to Poor Prognosis in Hepatocellular Carcinoma Patients
Oncomine and GEPIA databases indicated that ENPP2 expression was higher in HCC compared within normal liver tissues (p < 0.05; Figures 1A,B). Consistent with clinical data, ENPP2 expression and secretion were significant higher in hepatoma cells, including Huh7 and HepG2, compared within normal hepatocytes both in RNA and protein level (Figures 1C,E). Then liver tissues were collected for IHC from 158 HCC patients who underwent surgery, and the samples were classified into the ENPP2 high expression group (ENPP2high, n = 106) and ENPP2 low expression group (ENPP2low, n = 52). The OS and DFS were both worse in ENPP2high than ENPP2low (p = 0.0445 for OS, p = 0.0071 for DFS; Figures 1F,G).
[image: Figure 1]FIGURE 1 | ENPP2 expression is positively correlated with poor patient prognosis. (A) Oncomine database analysis of the ENPP2 median-centered intensity in normal (n = 19) and HCC tissue (n = 38). (B) GEPIA database analysis of the relative mRNA expression of enpp2 in matched HCC tissues (n = 369) and adjacent normal tissues (n = 160). (C) The intracellular ENPP2 protein expression in L02, HepG2, and Huh7, respectively. (D) The level of enpp2 mRNA in L02, HepG2, and Huh7, respectively. (E) The secreted ENPP2 in supernatants from L02, HepG2, and Huh7, respectively. (F, G) Overall survival (F) and disease-free survival (G) for ENPP2high (n = 106) and ENPP2low (n = 52) expression patients, respectively. The statistical analysis was based on three independent experiments. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
Hepatitis B Virus Enhances Ectonucleotide Pyrophosphatase-Phosphodiesterase 2 Expression and Secretion
In the above 158 HCC patients, 25 patients were HBV-negative (HBV-, both HBV DNA and HBsAg were negative in patient serum) and 133 patients were HBV-positive (HBV+, HBV DNA load was more than 5 × 102, and HBsAg was positive in patient serum). In the HBV + cohort, 72.2% of patients had high ENPP2 expression, while only 40.0% of patients displayed high ENPP2 expression in the HBV- cohort, the expression difference between the two cohorts was significant (p = 0.003; Figures 2A,B). In order to illuminate the correlation between HBV infection and ENPP2 expression, plasmid pSM2-HBV was transfected into hepatoma cells, then ENPP2 expression and secretion was tested. RT-qPCR results showed that enpp2 mRNA was enhanced by HBV transfection both in Huh7 and HepG2 (Figures 2C,D); western blot and ELISA assays displayed that the intracellular and secreted ENPP2 were also upregulated significantly in the HBV transfected group compared to the control group transfected with the empty vector (Figures 2E–H).
[image: Figure 2]FIGURE 2 | HBV enhances ENPP2 expression and secretion. (A) Representative IHC images of ENPP2 staining in HBV- and HBV + HCC tissues (magnification ×200). (B) ENPP2 expression percentage in HBV- (n = 25) and HBV + HCC tissues (n = 133), respectively. (C, D) The level of enpp2 mRNA in Huh7 (C) and HepG2 (D) after being transfected with vector or pSM2-HBV for 3 days. (E, F) The intracellular ENPP2 protein in Huh7 (E) and HepG2 (F) after being transfected with vector or pSM2-HBV for 3 days. (G, H) The secreted ENPP2, HBsAg, and HBeAg in supernatants from Huh7 (G) and HepG2 (H) after being transfected with vector or pSM2-HBV for 3 days, respectively. The red dotted line in the graph represents the cutoff for HBsAg and HBeAg. The statistical analysis was based on three independent experiments. *, p < 0.05; **, p < 0.01.
Hepatitis B Virus Induces Hepatoma Cell Proliferation, Colony Formation, and Migration via Upregulation of Ectonucleotide Pyrophosphatase-Phosphodiesterase 2
Next, in order to elucidate whether HBV induces HCC progression via regulation of ENPP2, plasmid pSM2-HBV was transfected into hepatoma cells to express the HBV genome, then cells were re-transfected with siRNAs to knock down ENPP2 expression. The knockdown efficiencies for the two selected siRNAs targeting ENPP2 (siENPP2-1 and siENPP2-4) were more than 70% (Supplementary Figure S1). The immunoblotting results confirmed that HBV transfection enhanced ENPP2 expression and secretion both at the RNA and protein level, while knocking down of ENPP2 weakened these phenomena both in Huh7 and HepG2 (Figures 3A–E). The CCK-8 assay displayed that compared to those transfected with control vector, hepatoma cells transfected with pSM2-HBV had a stronger ability of proliferation, while knocking down of ENPP2 could inhibit cell proliferation significantly (Figures 3F,G). The colony formation assay confirmed that HBV enhanced hepatoma cell proliferation and this phenomenon could be weakened by knocking down ENPP2 expression both in Huh7 and HepG2 (Figures 3H,I). HBV also promoted hepatoma cell migration, while knocking down of ENPP2 could inhibit hepatoma cell migration even though cells were transfected with pSM2-HBV (Figures 3J,K).
[image: Figure 3]FIGURE 3 | HBV enhances hepatoma cell proliferation, colony formation, and migration, and was impeded by knocking down of ENPP2 expression. Hepatoma cells were firstly transfected with vector or pSM2-HBV for 1 day (set as day 0), and then transfected with siR-C or siENPP2. (A, B) The level of enpp2 mRNA in Huh7 (A) and HepG2 (B) after being transfected with siRNAs for 3 days. (C, D) Secreted ENPP2, HBsAg, and HBeAg in supernatants from Huh7 (C) and HepG2 (D) after being transfected with siRNAs for 3 days. The red dotted line in the graph represents the cutoff for HBsAg and HBeAg. (E) The intracellular ENPP2 expression in Huh7 (upper panels) and HepG2 (below panels) after being transfected with siRNAs for 3 days. (F, G) The cell proliferation ability for Huh7 (F) and HepG2 (G), respectively. (H) Representative images of colony formation for Huh7 (upper panels) and HepG2 (below panels), respectively. (I) The bar graph of colony number indicated quantitative analysis data for Huh7 (left panel) and HepG2 (right panel), respectively. (J) Representative images of the cell migration assay for Huh7 (upper panels) and HepG2 (below panels), respectively (magnification ×100). (K) The bar graph of cell number migrated from Transwell indicated quantitative analysis data for Huh7 (left panel) and HepG2 (right panel), respectively. The statistical analysis was based on three replicates. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
Then PF-8380, a small molecule inhibitor that suppresses the activity of ENPP2 and has a reported IC50 of 1.7 nM on natural LPC substrates, was used (Gierse et al., 2010). In vitro, the inhibition on hepatoma cell viability was tested, and the IC50 on Huh7 and HepG2 were 44.2 and 45.6 nM, respectively (Figures 4A,B). PF-8380 inhibited Huh7 and HepG2 proliferation obviously even though the hepatoma cells were under the condition of HBV transfection (Figures 4C,D). The colony formation assay confirmed that HBV was enhanced, but PF-8380 inhibited hepatoma cell colony formation obviously (Figures 4E,F). The cell migration assay showed that PF-8380 impeded the ability of migration for Huh7 and HepG2 even though the cells were transfected with pSM2-HBV (Figures 4G,H).
[image: Figure 4]FIGURE 4 | HCC progression induced by HBV is impeded by inhibitor PF-8380. Hepatoma cells were transfected with vector or pSM2-HBV for 1 day (set as day 0) and then treated cells with vehicle DMSO or ENPP2 inhibitor PF-8380. (A, B) Antiproliferative activity of PF-8380 against Huh7 (A) and HepG2 (B) in vitro. (C, D) A CCK-8 assay was carried out to detect cell proliferation for Huh7 (C) and HepG2 (D), respectively. (E) Representative images of colony formation for Huh7 (upper panels) and HepG2 (below panels), respectively. (F) The bar graph of colony number indicated quantitative analysis data for Huh7 (left panel) and HepG2 (right panel), respectively. (G) Representative images of the cell migration assay for Huh7 (upper panels) and HepG2 (below panels), respectively (magnification ×100). (H) The bar graph of cell number migrated from Transwell indicated quantitative analysis data for Huh7 (left panel) and HepG2 (right panel), respectively. The statistical analysis was based on three replicates. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
Hepatocellular Carcinoma Progression Induced by Hepatitis B Virus Is Strengthened by Activated Hepatic Stellate Cells
The above results confirmed that HBV promoted tumor cell proliferation and migration via enhancement of ENPP2 expression and secretion in hepatoma cells. A major contributor to tumor progression is the cross talk between tumor cells and the surrounding stroma. HSC is the major surrounding cell in the liver tumor microenvironment and aHSC normally promotes HCC progression (Barry et al., 2020; Ruan et al., 2020). So co-culture assays were performed between hepatoma cells and aHSC, the effects of these interactions were then studied by a series of functional assays. The CCK-8 assay showed that cell proliferation was enhanced obviously when co-culturing HepG2 or Huh7 with LX-2 compared to cultured hepatoma cells alone, especially when hepatoma cells were transfected with pSM2-HBV (Figures 5A,B). While the inhibitor PF-8380 could suppress cell proliferation even though the hepatoma cells were both under pSM2-HBV transfection and co-cultured with LX-2 (Figures 5A,B). Hepatoma cells were also incubated with LX-2 CM and the results showed that LX-2 CM significantly enhanced the colony formation for Huh7 and HepG2, especially when hepatoma cells were transfected with pSM2-HBV, while these phenomena were suppressed by PF-8380 (Figures 5C,D). In addition to cell proliferation, LX-2 CM also enhanced Huh7 and HepG2 migration, especially when hepatoma cells were transfected with pSM2-HBV, while these phenomena were also suppressed by PF-8380 (Figures 5E,F).
[image: Figure 5]FIGURE 5 | Activated HSC strengthens HCC progression induced by HBV. Hepatoma cells were transfected with vector or pSM2-HBV for 1 day (set as day 0) and then co-cultured with LX-2 or treated with LX-2 CM containing DMSO or PF-8380. (A, B) Cell proliferation abilities for Huh7 (A) or HepG2 (B), respectively. (C) Representative images of colony formation for Huh7 (upper panels) and HepG2 (below panels), respectively. (D) The bar graph of colony number indicated quantitative analysis data for Huh7 (left panel) and HepG2 (right panel), respectively. (E) Representative images of the cell migration assay for Huh7 (upper panels) and HepG2 (below panels), respectively (magnification ×100). (F) The bar graph of cell number migrated from Transwell indicated quantitative analysis data for Huh7 (left panel) and HepG2 (right panel), respectively. The statistical analysis was based on three replicates. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
Hepatitis B Virus and Activated Hepatic Stellate Cells Induce Hepatocellular Carcinoma Progression Synergistically in vivo
To explore whether HBV determined the tumorigenicity of HCC in vivo, we used HepG2.2.15, a cell line derived from HepG2, to integrate and express the HBV whole genome stably. Compared to HepG2, there was much more intracellular and secretory ENPP2 in HepG2.2.15 (Figures 6A–C). The proliferation, colony formation, and migration ability of HepG2.2.15 were stronger than HepG2 or HepG2 transfected with pSM2-HBV, especially when HepG2.2.15 was incubated with LX-2 CM, while PF-8380 could inhibit HepG2.2.15 proliferation and migration even though the cells were incubated with LX-2 CM (Figures 6D–H).
[image: Figure 6]FIGURE 6 | HBV and aHSC induce HCC progression synergistically in vivo. (A) The level of enpp2 mRNA in HepG2 and HepG2.2.15. (B) The secretory ENPP2, HBsAg, and HBeAg in supernatants from HepG2 and HepG2.2.15. The red dotted line in the graph represented the cutoff for HBsAg and HBeAg. The statistical analysis was based on three independent experiments. (C) The intracellular ENPP2 protein in HepG2 and HepG2.2.15. HepG2.2.15 and HepG2, transfected with vector or pSM2-HBV for 1 day (set as day 0), were treated with LX-2 CM containing DMSO or PF-8380, and then hepatoma cell function was detected. (D) Cell proliferation for each group. The statistical analysis was based on three replicates. (E) Representative images of colony formation for each group cells. (F) The bar graph of colony number indicated quantitative analysis data based on three independent experiments for each group of cells. (G) Representative images of the cell migration assay for each group of cells (magnification ×100). (H) The bar graph of cell number migrated from Transwell indicated quantitative analysis data based on three independent experiments for each group of cells. (I) Tumor growth at different times in each group in nude mice (error bars, SD of six mice per group). (J) The final tumor size in nude mice upon subcutaneous transplantation with hepatoma cells or co-transplantation with hepatoma cells with LX-2 (3:1 ratio). Indicated groups were treated with vehicle DMSO or PF-8380 for two consecutive weeks. (K) Bar charts show the final tumor weight of each group of mice. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
Then subcutaneous transplantation of HepG2 and HepG2.2.15, or co-transplantation of HepG2 and HepG2.2.15 with LX-2 into immune-compromised nude mice was carried out to observe tumor growth. There was no tumor formation in mice injected either with HepG2 or LX-2 alone, while mice co-injected with HepG2 and LX-2 (HepG2+LX-2) had obvious tumor formations on day 10 (Figure 6I). Mice injected with HepG2.2.15 alone also formed tumors, the tumors in mice co-injected with HepG2.2.15 and LX-2 (HepG2.2.15+LX-2) were larger than those injected with HepG2.2.15 alone on day 10 (p < 0.001) (Figure 6I). To further assess that ENPP2 was the key factor in liver tumor formation in this mouse model, intraperitoneal injection of PF-8380 or DMSO was conducted in mice subcutaneously transplanted with HepG2.2.15+LX-2. Compared to DMSO, intraperitoneal injection of PF-8380 significantly suppressed tumor growth (p < 0.05 on day-13), and after injection of an inhibitor for two consecutive weeks, the tumors in the HepG2.2.15+LX-2+PF-8380 group were almost undetectable. While the average size of tumors in the HepG2.2.15+LX-2+DMSO group was 232 mm3 (p < 0.001), other groups, including the HepG2+LX-2 and HepG2.2.15 groups also had growing tumors, and the volume of tumors among these four groups had significant differences on day 25 (Figures 6I,J). The tumor weight among these four groups also had statistic differences except between HepG2+LX-2 and HepG2.2.15 groups (Figure 6K).
DISCUSSION
Differences in the etiologies and pathogenic mechanisms of hepatocarcinogenesis may reflect the unique clinical characteristics and prognosis in patients with HCC, and patients with negative HBV infection normally have better prognosis and lower risk of tumor recurrence than HBV-positive patients (Utsunomiya et al., 2015; Liu A. P. Y. et al., 2020). In the present study, our in vitro and in vivo results verified that transient transfection or stable expression of the HBV genome enhanced hepatoma cell proliferation and migration and also promoted xenograft tumor formation in nude mice. These mean antiviral treatments still act as key approaches to improve patient prognosis and could significantly decrease tumor recurrence and tumor-related death for HBV-related HCC patients.
Increased ENPP2 expression is detected in chronic liver disease patients of different etiologies, including HBV-associated liver disease (Kaffe et al., 2017; She et al., 2018). The data from cancer databases confirmed that ENPP2 was highly expressed in HCC tissue compared within normal liver tissues, our clinical data displayed that HCC patients with high ENPP2 level normally had poor prognosis, and ENPP2 expression was positively correlated with HBV infection. Besides, our results indicated that knocking down of ENPP2 expression or inhibiting ENPP2 function could impede hepatoma cell proliferation, migration, and xenograft tumor formation induced by HBV. Mechanistically, ENPP2 hydrolyzes LPC to produce LPA (Salgado-Polo et al., 2018), a lipid mediator that functions as a mitogen and motility factor to stimulate proliferation, migration, and survival of cancer cells through combination with the LPA receptors (LPAR) (Houben and Moolenaar, 2011), which are overlapping specificities and have widespread distribution (Choi et al., 2010). Bioinformatics analysis suggests that lipid metabolisms are strongly activated by HBV-associated proteins and lead to the progression of liver tumors (Xu et al., 2016). These indicate that ENPP2 induced by HBV may promote HCC progression via downstream LPA/LPAR in HBV-related HCC patients.
Besides altering gene expressions in host cells, virus infection often transfers environment. It is reported that HBV infection causes liver fibrosis via activation of HSC (Zan et al., 2013; Gong et al., 2016; Zhang et al., 2020). In our results, we confirmed that HBV enhanced the secretion of ENPP2 in hepatoma cells, and ENPP2 is reported to have the function to activate HSC (Kaffe et al., 2017), these points imply that HBV may activate HSC via ENPP2. On the other hand, approximately 90% of HCC cases arise in the context of liver fibrosis (Seitz and Stickel, 2006), during the hepatic fibrotic process, activation of HSC drives fibrogenesis, changes the composition of the extracellular matrix, and is considered to be the central event that contributes to hepatic malignancies (Santamato et al., 2011; Zhang and Friedman, 2012; Coulouarn and Clement, 2014). Our co-culture assays showed that aHSC could strengthen hepatoma cell proliferation, colony formation, migration, and tumor formation induced by HBV via ENPP2 both in vitro and in vivo. In pancreatic ductal adenocarcinoma (PDAC), LPCs secreted from activated pancreatic stellate cells could be hydrolyzed by ENPP2, which was produced by PDAC, and finally promoted pancreatic tumor progression via the ENPP2/LPA axis (Auciello et al., 2019; Biffi and Tuveson, 2019), so in future, we need to clarify if aHSC may also secrete LPCs acting as a major substrate for ENPP2, and if HBV induces HCC progression not only by autocrine ENPP2, but also transfers the microenvironment to benefit HCC survival via the LPC/ENPP2/LPA axis in HBV-related HCC patients.
In summary, this study clarified that HBV infection induced ENPP2 expression and secretion in hepatocytes. HSC could synergistically enhance hepatoma cell proliferation, migration, and liver tumor formation with HBV via ENPP2. These indicate that besides antiviral therapy, ENPP2 could also be considered as a key regulation factor in improving prognosis for HBV-related HCC patients.
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Liver cancer is a highly malignant tumor. Notably, recent studies have found that long non-coding RNAs (lncRNAs) play a prominent role in the prognosis of patients with liver cancer. Herein, we attempted to construct an lncRNA model to accurately predict the survival rate in liver cancer. Based on The Cancer Genome Atlas (TCGA) database, we first identified 1066 lncRNAs with differential expression. The patient data obtained from TCGA were divided into the experimental group and the verification group. According to the difference in lncRNAs, we used single-factor and multi-factor Cox regression to select the genes needed to build the model in the experimental group, which were verified in the verification group. The results showed that the model could accurately predict the survival rate of patients in the high and low risk groups. The reliability of the model was also confirmed by the area under the receiver operating characteristic curve. Our model is significantly correlated with different clinicopathological features. Finally, we built a ceRNA network based on lncRNAs, which was used to display miRNAs and mRNAs related to lncRNAs. In summary, we constructed an lncRNA model to predict the survival rate of patients with hepatocellular carcinoma.
Keywords: lncRNA, model, prognosis, hepatocellular carcinoma, ceRNA
INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer, with high mortality (Farazi and DePinho, 2006). Despite several available treatment methods for HCC, patients in different stages require different treatment measures and the long-term survival remains poor. At present, the staging and grading of HCC is not comprehensive (Zhu et al., 2011), which makes assessment of prognosis difficult. Therefore, it is important to identify predictive indicators and develop a prognostic model for patients with HCC.
As the biological functions of long non-coding RNAs (lncRNAs) have been gradually uncovered, they have become a research hotspot. The function of lncRNAs can be divided into two types: regulating the local chromatin structure and/or gene expression of cis vs. trans, and those leaving the transcription site and performing cell function with trans transcripts (Gil and Ulitsky, 2020). After the role of lncRNAs in regulating tumorigenesis and oncoprotein expression was established, lncRNAs were also found to alter the prognosis of numerous human cancers. Various studies have shown the effect of lncRNAs on the survival of patients with HCC. However, there is no effective prognostic model to evaluate the prognosis and guide the treatment of HCC. The Cancer Genome Atlas (TCGA) database has abundant transcriptome expression profiles of different cancers. Bioinformatics facilitates screening of biomarkers and constructing prediction models using public databases. Through the analysis of gene transcription level using TCGA and bioinformatics, this study found new molecular markers related to HCC survival and established a prognosis model of lncRNAs in HCC. Cox regression analysis, and least absolute shrinkage and selection operator were implemented to validate the lncRNAs associated with prognosis. The power of the prognostic model including four lncRNAs was tested by the receiver operating characteristic (ROC) curve. Statistics and graphic visualization were completed in R software.
Next, we used miRcode database to validate LINC00462 and find the downstream miRNAs. We used miRDB, miRTarBase, and TargetScan databases to find miRNAs targeting specific genes. Finally, we used the Cytoscape to structure the ceRNA network.
MATERIALS AND METHODS
Clinical Samples and Ethics Statement
The ethics committee of the Affiliated Hospital of Qingdao University approved this research. This study included 10 HCC patients (5 males and 5 females), who were diagnosed by pathology, between June 2018 and June 2019, at the Affiliated Hospital of Qingdao University (Shandong, China). The age range was 50–80 years. Tissues were sliced into small sections and stored at −80°C. Corresponding adjacent non-cancerous tissues (ANT) and cancerous tissues were simultaneously collected. The hospital’s Institutional Review Board strictly adhered to the Declaration of Helsinki protocol for approving the study. Written informed consent was signed by each patient. The institutional approval number for human studies is QYFY ZWLL 26019.
Gene Expression Profiles of HCC Patients
The expression data of lncRNAs, miRNAs, and mRNAs, as well as clinical features were retrieved from TCGA (https://portal.gdc.cancer.gov/). We downloaded the annotation file of transcriptome from Ensembl online database (https://asia.ensembl.org/index.html) and used it to distinguish lncRNAs and miRNAs. There are not copyright issues. Thereafter, we selected differentially expressed genes for this study. The screening of genes was performed in the R software. We used edgeR package to identify differentially expressed genes.
Definition Of Prognostic Risk Model in the Training Dataset
We randomly divided 342 patients into the training dataset (172) and validation dataset (170). Cox regression analysis, and least absolute shrinkage and selection operator were used to screen prognosis related lncRNAs. Four lncRNAs were screened out in the training dataset. Finally, the following model was established to assess the prognostic risk. Risk score = coefficient1 * Expression1 + coefficient2 * Expression2 + coefficientN * ExpressionN. N is the above‐selected lncRNAs, expression is the lncRNA expression in every HCC patient. Cox regression analysis was used to calculate the corresponding lncRNA coefficients in the training dataset. The “survival”, “caret”, “glmnet”, “survminer”, and “survivalROC” packages were used in the analysis process.
RNA Extraction, Reverse Transcription, and Quantitative Real-Time PCR
We used RNAiso Plus (TaKaRa, Tokyo, Japan) to extract the total RNA from the tissues. The quality of RNA was detected by NanoDrop 2000 spectrophotometer (Thermo Fisher Scientific, Inc.). Next, reverse transcription was performed with T100™ thermal cycler (BIO-RAD, US) using PrimeScriptTMRT reagent kit and gDNA eraser (TaKaRa, Tokyo, Japan). Quantitative real-time PCR (qPCR) was performed in LightCycler® 96 (Roche, Switzerland) with TB Green®Premix Ex Taq™ Ⅱ (Tli RNase H Plus) (TaKaRa, Tokyo, Japan). Primer sequences are listed in Table 1.
TABLE 1 | Primer sequences used in the study.
[image: Table 1]Statistical Analysis and the Formation of ceRNA Network
According to the median risk score, the patients were divided into the high-risk group and the low-risk group. All the analyses were performed using the R program and software package. The receiver operating characteristic (ROC) curve was used to test the predictive ability of the prognosis model composed of four lncRNAs (Mandrekar, 2010).
We used miRcode (http://www.mircode.org/) (Jeggari et al., 2012), miRDB (http://mirdb.org/) (Chen and Wang, 2020), miRTarBase (http://mirtarbase.mbc.nctu.edu.tw/index.html) (Chou et al., 2018), and TargetScan (http://www.targetscan.org) (Lewis et al., 2005) databases to predict the downstream genes. We used Cytoscape to visualize the ceRNA network.
RESULTS
Identification of Differentially Expressed lncRNAs
We downloaded the related data of 422 patients, 50 normal cases and 372 tumor cases from TCGA database. There were 1066 out of 6739 lncRNAs with logFC >2 and FDR <0.01 in the TCGA dataset, after removing lncRNAs with extremely similar gene expression between HCC and normal patients (Figure 1).
[image: Figure 1]FIGURE 1 | A heat map showing the differential expression of lncRNAs.
Identification of Prognostic lncRNAs From the Training Dataset
We randomly split 342 cancer patients. The training dataset included 172 patients and the test group had 170 patients. We further screened the predicting lncRNAs from the 1066 lncRNAs by univariate Cox analysis. Thereafter, 104 lncRNAs were selected that had an impact on the survival of patients (Figure 2).
[image: Figure 2]FIGURE 2 | Scatter plot showing lncRNAs screened by single-factor Cox analysis.
Construction of the Prognostic Model and Checking the Expression of lncRNAs
The number of genes was reduced to 5 lncRNAs by least absolute shrinkage and selection operator (Figure 3A). Finally, four lncRNAs (DDX11-AS1, ZFPM2-AS1, AC016717.2, and LINC00462), which were closely related to patient survival, were selected by multivariate Cox analysis (Figure 3B). A prognostic model composed of the four lncRNAs was established as follows: Risk score = 0.0257 * DDX11-AS1 + 0.0008 * ZFPM2-AS1 + 0.0026 * AC016717.2 + 0.0306 * LINC00462. We verified the transcription levels of these four genes in 10 pairs of human tissue samples (Figure 3C).
[image: Figure 3]FIGURE 3 | (A) The lambda, the cvfit, (B) the forest (C) the expression of DDX11-AS1, ZFPM2- AS1, AC016717.2, and LINC00462 in tissues. The expression of all genes showed significant differences in 10 tissues.
The Model for Survival Prediction
Based on the median risk score, we divided the patients from the training dataset into the high‐risk group (n = 86) and the low‐risk group (n = 86) and compared the survival of the two risk groups by Kaplan–Meier survival analysis. The survival rate of the high-risk group was significantly lower than that of the low-risk group (Figure 4A). To confirm the predictive power of the prognostic model, we divided the patients in the test dataset into two risk groups according to the median risk score. The Kaplan-Meier curve showed that in the trial cohort, the lifespan of patients in the low-risk group was prominently longer than that in the high-risk group, which was similar to the results obtained from the training dataset (Figure 4B).
[image: Figure 4]FIGURE 4 | The survival rate of the high-risk group and the low-risk group in the training group (A) and the test group (B). The survival status of the training group (C) and the test group (D). The ROC curve of the whole group (E), training group (F), and the test group (G).
The survival status of HCC patients obtained from the training dataset and test dataset is depicted in the plot. The heat map shows the different expression patterns of the four prognosis-related lncRNAs in the low-risk and high-risk populations (Figures 4C,D). Similar to the training dataset, patients with high-risk scores tended to have higher levels of the four lncRNAs than patients with low-risk scores. According to the ROC (AUC) curve, the size of the AUC was related to the prognosis. The ROC curves at 1 year of the whole, training, and validation datasets are shown in Figures 4E–G.
Prognostic Model and Clinicopathological Features
The Chi square test was used to analyze the significance of clinicopathological features between high- and low-risk groups (Figure 5A). In addition, by analyzing the data of patients with different characteristics, we found that the risk score can significantly distinguish the prognostic differences in different age, gender, G stage, M0, N0, stage, and T group (Figure 5B), which significantly improves the prognostic value of our model.
[image: Figure 5]FIGURE 5 | The prognostic model and clinicopathological features. (A) The significance of clinicopathological features between high- and low-risk groups. (B) Prognostic differences in different groups.
Construction of the ceRNA Network with the Prognostic lncRNAs
Using the TCGA database, 1976 differentially expressed mRNAs were selected from 424 HCC patients (logFC > 2 or logFC < −2,FDR<0.01). From 50 normal samples and 376 tumor samples, 247 differentially expressed miRNAs were selected (logFC > 1 or logFC < −1, FDR < 0.01). We compared DDX11-AS1, ZFPM2-AS1, AC016717.2, and LINC00462 in the miRcode database to identify the downstream miRNAs, and only LINC00462 could be found in the miRcode database. The miRNAs found in the miRcode intersected with the differentially expressed miRNAs in TCGA. The miRDB, miRTarBase, and TargetScan data were combined to predict the downstream mRNAs with the miRNAs obtained in the previous step. The downstream target genes were obtained using the intersection of the differentially expressed mRNAs in the previous TCGA database and the predicted mRNAs in the three databases (Figure 6).
[image: Figure 6]FIGURE 6 | The yellow oval is lncRNA, the blue circles represent miRNAs, the red rectangles represent the up-regulated mRNAs, and the blue rectangle represents the down-regulated mRNA.
DISCUSSION
In recent years, with the gradual advancements in the study of lncRNAs, their function in the occurrence and development of HCC has become a research hotspot. Therefore, it is critical to understand the mechanism of action of lncRNAs and comprehensively analyze their clinical significance in patients with liver cancer. The purpose of this study was to establish lncRNA markers related to prognosis of HCC and explore their molecular mechanisms. This study was undertaken to provide a better understanding of the prognosis of patients with liver cancer and facilitate the discovery of biomarkers.
In this study, we downloaded related data of 422 patients from TCGA database and screened out 1066 lncRNAs. We randomly split 342 cancer patients. We further selected the 104 predictive lncRNAs from 1066 lncRNAs by univariate Cox analysis in the training dataset. Finally, four lncRNAs (DDX11-AS1, ZFPM2-AS1, AC016717.2, and LINC00462), which were closely related to patient survival, were selected by least absolute shrinkage and selection operator, and multivariate Cox analysis. A prognostic model or a risk score was constituted with the above lncRNAs. We divided patients from the training dataset into the high‐risk group and the low‐risk group. The survival of patients in the high‐risk group was significantly less than those in the low‐risk group. The survival of patients in the test dataset was similar to the training dataset. Furthermore, ROC curve analysis showed that the lncRNA risk score model had good prediction efficiency in HCC. The AUC value of our model is significantly higher than that of Wu et al. (2020) and Zhou et al. (2021). Finally, we used the miRcode, miRDB, miRTarBase, and TargetScan databases to find the downstream miRNAs and mRNAs, and create the ceRNA network.
DDX11-AS1 was identified as an oncogene in HCC. Silencing the expression of this gene reduced the proliferation, migration, and invasion ability of HCC cells, and the gene could promote the growth of tumors in vivo (Wan et al., 2020). DDX11-AS1 was also reported to be related to overall survival (Li et al., 2019). DDX11-AS1 displayed a cancer-promoting role by regulating the expression of related genes directly or indirectly in various malignant tumors, such as osteosarcoma, colorectal cancer, gastric cancer, non-small cell lung cancer, and bladder cancer (Feng et al., 2020). ZFPM2-AS1 regulates the expression of GDF10 through competitive binding to miRNA to promote cell proliferation, migration, invasion, and inhibit apoptosis in HCC (He et al., 2020). As an oncogenic gene, ZFPM2-AS1 plays a role in retinoblastoma (Lyv et al., 2020), breast cancer (Zhao et al., 2020), small cell lung cancer (Yan et al., 2020), cervical cancer (Dai et al., 2020), esophageal squamous cell carcinoma (Sun and Wu, 2020), and other tumors. AC016717.2 is located on chromosome 2 and the gene maps to 226, 563, 230–226, 568, 370 in GRCh37 coordinates. There are few studies on this lncRNA. LINC00462 can significantly increase the invasive ability of HCC cells (Gong et al., 2017). It can also promote pancreatic cancer (Zhou et al., 2018).
In summary, this was the first study to propose a prediction model based on four lncRNAs, in which the effects of DDX11-AS1, ZFPM2-AS1, and lncRNAs on the prognosis of patients with liver cancer have been confirmed. AC016717.2 and LINC00462 are new biomarkers in liver cancer. Although the lncRNAs selected by the predictive model showed good performance, this study only included internal validation results but no external data validation due to resource constraints. Hence, clear evidence with multi-center clinical data is required to validate the results of this study.
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Background: Immune checkpoint inhibitors (ICIs) are employed to treat various cancers, including soft tissue sarcomas (STSs), and less than 20% of patients benefit from this treatment. Vascular endothelial growth factor (VEGF) promotes the immunosuppressive tumor microenvironment and contributes to ICI-resistant therapy. Anti-VEGF receptor tyrosine-kinase inhibitors (TKIs) combined with ICIs have shown antitumor activity in patients with alveolar soft-part sarcoma (ASPS). However, they have not been extensively studied to treat other STS subtypes, such as leiomyosarcoma (LMS), dedifferentiated liposarcoma (DDLPS), undifferentiated pleomorphic sarcoma (UPS), myxofibrosarcoma (MFS), and angiosarcoma (AS).
Methods: In this retrospective study, we collected data from 61 patients who were diagnosed with advanced STS based on imaging and histology, including LMS, DDLPS, and UPS. Among them, 41 patients were treated with ICIs combined with TKIs and 20 patients received ICI therapy. The endpoints of progression-free survival (PFS) and overall response rate (ORR) were analyzed in the two groups, and the overall response [partial response (PR), stable disease (SD), and progressive disease (PD)] of each patient was determined using RECIST 1.1 evaluation criteria.
Results: In total, 61 STS patients had the following subtypes: LMS (n = 20), DDLPS (n = 17), UPS (n = 8), ASPS (n = 7), MFS (n = 7), and AS (n = 2). The median PFS (mPFS) was significantly prolonged after ICI treatment in combination with TKIs (11.74 months, 95% CI 4.41–14.00) compared to ICI treatment alone (6.81 months, 95% CI 5.43–NA) (HR 0.5464, p = 0.043). The 12-month PFS rates of patients who received ICI–TKI treatment were increased from 20.26% (95% CI 0.08–0.53) to 42.90% (95% CI 0.27–0.68). In the combination therapy group, 12 patients (30%) achieved PR, 25 patients (62.5%) achieved SD, and 3 patients (7.5%) achieved PD for 3 months or longer. In the non-TKI-combination group, 2 patients (9.5%) achieved PR, 14 patients (66.7%) achieved SD, and 5 patients (23.8%) achieved PD within 3 months. The ORRs in the two groups were 30.0% (ICI–TKI combination) and 9.5% (ICI only), respectively. A notable ORR was observed in the ICI–TKI combination group, especially for subtypes ASPS (66.7%), MFS (42.9%), and UPS (33.3%). The PD-L1 expression (n = 33) and tumor mutation burden (TMB, n = 27) were determined for each patient. However, our results showed no significant difference in PFS or response rates between the two groups.
Conclusion: This study suggests that ICI–TKI treatment has antitumor activity in patients with STS, particularly the ASPS and MFS subtypes. Moreover, effective biomarkers to predict clinical outcomes are urgently needed after combination therapy in the STS subtypes.
Keywords: sarcoma, immunotherapy, anti-angiogenesis, PD-1, biomarker
INTRODUCTION
Sarcoma represents a heterogeneous group of various soft tissue and bone tumors of mesenchymal origin that accounts for approximately 1% of adult malignancies and 15% of pediatric malignancies and is comprised of over 100 different subtypes (Fletcher et al., 2013). Although soft tissue sarcoma (STS) is a rare cancer, the global annual incidence of STS is 1.8–5.0/100,000 in people younger than 45 years (Siegel et al., 2021). Surgery (combined with chemotherapy and radiotherapy) remains the mainstay treatment for local STS, but up to 40% of patients experience tumor recurrence and inevitably progress to advanced disease (Judson et al., 2014). For advanced STS, anthracycline-based chemotherapy or other drug combinations have been widely used albeit with limited benefit, and with restricted success when utilized as second-line or systemic therapies (Savina et al., 2017). Therefore, more effective agents and therapeutic strategies need to be explored for STS treatment.
Immune checkpoint inhibitors (ICIs; anti-PD-1/PD-L1 and anti-CTLA4 antibodies) are a compelling new option for the treatment of various advanced cancers, including sarcomas. Previous studies have shown that the expression of PD-1/PD-L1 in sarcoma patients has a strong positive correlation with T cell infiltration and B cell activation (Kim et al., 2021; Petitprez et al., 2020). In the SARC028 and Alliance A0914401 clinical trials, anti-PD-1 agents (pembrolizumab and nivolumab) or those combined with an anti-CTLA agent (ipilimumab) have shown clinical benefits in advanced/metastatic sarcoma, but the overall response rate (ORR) in all cohorts was only 18 and 16%, respectively (D’Angelo et al., 2018; Tawbi et al., 2017). Most non-responders have a significant correlation with restricted infiltration of immune cells, such as T cells and macrophages, and PD-L1 expression levels. The immunosuppressive tumor microenvironment (TME) generated by the dysfunctional tumor immune system leads to resistance to immunotherapy (Rabinovich et al., 2007). It has been proved that angiogenesis contributed to the maintenance of immunosuppressive TME in renal cell carcinoma and melanoma and was associated with antitumor activity (Yang et al., 2018); however, its roles and related mechanisms for immunosuppressive actions in sarcoma remain unexplored.
Vascular endothelial growth factor (VEGF) is considered to be the main driver gene of angiogenesis, leading to tumor growth and metastasis, and it also contributes to suppression of the immunotherapy response (Fukumura et al., 2018). Therefore, the anti-VEGF receptor tyrosine-kinase inhibitors (TKIs) display anti-cancer activity against STS, including anlotinib, pazopanib, and regorafenib (Berry et al., 2017; Chi et al., 2018; Weiss et al., 2020). Notably, on the basis of the role of VEGF in the suppressive TME, immune checkpoint inhibitor–based therapies combined with TKIs have exhibited favorable outcomes in various types of cancers (Fukumura et al., 2018). According to a phase 3 trial, axitinib plus pembrolizumab exhibited anti-cancer activity in patients with ASPS (Wilky et al., 2019). However, the safety and efficiency of immunotherapy combined with TKIs in other sarcoma subtypes are still to be determined.
In this retrospective study, we collected data from 61 STS patients treated with ICIs or ICIs combined with TKIs. The aims were to determine the progression-free survival (PFS) and overall response rate (ORR) for five sarcoma subtypes and to correlate the patients’ demographics and clinical data that may predict improved outcomes.
METHODS
Patients and Study Design
In this single-institution retrospective cohort study, we selected 61 STS patients diagnosed with STS. The subjects of this study were patients with sarcoma at any stage who received ICI (PD-1/PD-L1 inhibitor) or ICI–TKI treatment at Zhongshan Hospital Affiliated to Fudan University, China, from January 1, 2015, to April 10, 2021. The ICI agents were administered to patients with STS, including LMS, DDLPS, ASPS, UPS, MFS, and AS; the TKI agents include anlotinib, pazopanib, and regorafenib. The exclusion criteria for patients were 1) autoimmune disease, 2) rheumatic disease, or 3) active bleeding. By reviewing their electronic medical records, the treatment history, demographics, genetics, pathology, and radiology information were retrospectively collected. If ≥1% of various markers in the collected tumor tissues were stained positive, it was considered that the expression of PD-L1 in the tumor was positive. The study protocol was approved by the Ethics Committee of Zhongshan hospital (IRB protocol number B2020-338).
Immunohistochemistry (IHC)
The PD-L1 expression in each patient was determined by immunohistochemistry. The tumor tissue slides were baked at 63°C for 60 min and then boiled in 10 mM sodium citrate (pH 6.0) for 30 min to retrieve the antigen. Anti-PD-L1 polyclonal antibody was used as the primary antibody (Abcam, Cambridge, United Kingdom; rabbit SP142, 1:300; Dako IHC 22C3, 1:300) and goat anti-rabbit biotinylated IgG as the secondary antibody (Maxim, UltraSensitiveTM SP IHC Kit, KIT-9707). The slides were then counterstained with hematoxylin (Gene, GT100540), dehydrated, and mounted. Images were digitally scanned at ×20 magnification.
Statistical Analysis
A radiologist certified by the board of directors performed tumor measurements on the lesions found on the patient’s CT or MRI imaging and evaluated the clinical response of the patients to ICI treatment according to Response Evaluation Criteria in Solid Tumors Version 1.1 (RECIST 1.1). In order to include patients in the PFS analysis, they were required to have a baseline scan within 3 weeks of the first ICI treatment. In addition, follow-up scans were required at least 9 weeks after the start of ICI treatment. The best tumor response was evaluated using the RECIST 1.1 standard and defined as the maximum reduction in the target tumor burden. Kaplan–Meier analysis was used to compare PFS rates between the two treatment groups. To perform PFS analysis on patients who were lost to follow-up or survived without PFS at the end of the study, the data were checked at the last tumor imaging. All statistical analyses were performed using GraphPad Prism (GraphPad Software, CA, United States).
RESULTS
Patient Demographics
Sixty-one patients were included in the study with various subtypes, including leiomyosarcoma (LMS, n = 20), dedifferentiated liposarcoma (DDLPS, n = 17), undifferentiated pleomorphic sarcoma (UPS, n = 8), ASPS (n = 7), myxofibrosarcoma (MFS, n = 7), and angiosarcoma (AS, n = 2). Among these patients, males accounted for 54.1%, the median age was 48.5 years, and all of them were Asians (Supplementary Table S1). Among them, 21 patients received ICI treatment only and 40 patients received ICIs combined with TKIs. The baseline characteristics between the two groups have no significant difference and are listed in Table 1. At the beginning of ICI treatment, 58 patients had metastatic disease (95.1%) and 3 patients had local disease (4.9%). The most common tumor sites were the retroperitoneum (n = 49), followed by the uterus (n = 7), heart (n = 2), paranasal sinus (n = 1), and mediastinum (n = 1). Most of the patients had already undergone chemotherapy and received a median of two cycles of conventional treatment (range 1–4) before ICI or ICI–TKI treatment. The main common reasons interrupting the treatment were progression of the disease or intolerable toxicity (Supplementary Table S2).
TABLE 1 | Baseline characteristics of patients with STS.
[image: Table 1]Efficacy
Of the 61 subjects, 21 received ICI treatment (group A) and 40 received ICI–TKI combination treatment (group B; Table 2). Patients’ response to treatment was assessed be measuring the tumor size according to the RECIST 1.1 criteria (Figure 1). In group A, 2 patients achieved a partial response (PR), 14 achieved stable disease (SD), and 5 had progressive disease (PD). In group B, 12 patients achieved a partial response (PR), 25 achieved stable disease (SD), and 3 had progressive disease (PD). Thus, the ORR in groups A and B was 9.5 and 30.0%, respectively. Although no patients achieved complete response (CR), one DDLPS patient achieved pCR after surgery, one patient had a pathological response rate up to 86%, and three patients had a pathological PR [at least 30% reduction in the target tumor mutation burden (TMB)].
TABLE 2 | Treatment strategies in STS subtypes.
[image: Table 2][image: Figure 1]FIGURE 1 | Change of tumor burden from baseline. Patients who received immune checkpoint inhibitors (ICIs; n = 21) or ICIs combined with tyrosine-kinase inhibitors (TKIs; n = 40) are listed. Each bar represents one patient.
Considering the best response rate in less than 3 months, PR, SD, and PD accounted for 24.6, 60.7, and 14.8%, respectively (Table 3). Compared to ICI treatment alone, ICI–TKI treatment enhanced the ORR and DCR (CR + PR + SD) in the first 3 months (ORR 10 vs. 31.7%; DCR 80 vs. 87.9%; Figure 2A). Moreover, we found that seven patients received mono-immunotherapy, four ASPS (2 PR and 2 SD for best response), one LMS (SD for 3 months and PD for 6 months), one UPS (SD for 1 year), and one DDLPS (PD for 4 months). Regarding the different STS subtypes, there was a significant difference in the response between the two groups who received immune-based treatment. In general, UPS, ASPS, and MFS patients had the highest response rates, with DDLPS greatly fluctuating and LMS having a low response rate (Figure 2B). In addition, we also found that patients with ASPS were sensitive to ICI–TKI combination treatment. However, those with UPS appeared to benefit from ICIs instead of the combination treatment. All seven patients with MFS received ICI–TKI combination treatment, and they responded satisfactorily. DDLPS appeared to maintain SD, regardless of whether TKI treatment was used or not, with regression of the lesion not observed. Although LMS patients had the lowest response rate in both groups, the patients achieved rapid progress in the ICI treatment group compared to the combination treatment group (Supplementary Figure S1).
TABLE 3 | Clinical response rate of soft tissue sarcoma subtypes in the two groups.
[image: Table 3][image: Figure 2]FIGURE 2 | Clinical response rate in soft tissue sarcoma (STS) subtypes: (A) tumor burden changes from baseline in the two groups; (B) changes of tumor burden in STS subtypes. ASPS, alveolar soft-part sarcoma; DDLPS, dedifferentiated liposarcoma; LMS, leiomyosarcoma; MFS, myxofibrosarcoma; UPS, undifferentiated pleomorphic sarcoma.
Progression-free survival (PFS) during treatment of the two groups was also assessed. Our results showed that the median PFS (mPFS) was significantly prolonged in the ICI–TKI group (11.74 months) compared to the ICI group (6.81 months; HR 0.55, 95% CI 0.2673–0.9791, p = 0.043; Figure 3). The 12-month PFS rate for patients who were given ICIs in combination with TKIs was increased from 20.26% (95% CI 0.078–0.53) to 42.9% (95% CI 0.27–0.68).
[image: Figure 3]FIGURE 3 | Progression-free survival between treatment with immune checkpoint inhibitors (ICIs) and ICIs combined with tyrosine-kinase inhibitors (TKIs). Kaplan–Meier estimates showed a significant difference in progression-free survival in patients treated with ICIs and ICIs combined with TKIs.
In order to explore the correlation between TMB and treatment, we carried out next-generation sequencing in 27 patients who received ICI (8/27) or ICI–TKI (19/27) treatment. Our results showed no significant differences in the TMB value between the two groups (Figure 4A). Moreover, the patients were divided into two groups based on the TMB value (TMB-high and TMB-low). We also found that the PFS was not significantly different (Figure 4B). We supposed that the expression of PD-L1 could predict the clinical benefit of ICI–TKI treatment. Our results revealed that there was no difference in the rate of change of tumor (Figure 4C) and in the PFS (Figure 4D) in the two treated groups. Overall, our results demonstrated that both the TMB and the PD-L1 status were not satisfactory predictors to distinguish clinical outcomes.
[image: Figure 4]FIGURE 4 | Correlation between tumor mutation burden (TMB), PD-L1 expression, and clinical outcomes: (A) TMB value in the two groups; (B) Kaplan–Meier analyses based on the TMB value; (C) tumor mutation burden changes from baseline between PD-L1–positive and PD-L1–negative groups; (D) Kaplan–Meier analyses based on the PD-L1 status.
Safety
Treatment-related adverse events, as graded by Common Terminology Criteria for Adverse Events (CTCAE) Version 4.0, included rash (14.8%), fever (16.4%), fatigue (26.2%), hypothyroidism (18%), hypertension (50.8%), elevated ALT/AST/ALP levels (41.0%), vitamin D deficiency (37.7%), hyperlipidemia (34.4%), anemia (23.0%), and dental ulcer (2/61, 3.3%). None grade 4 CTCAE occurred in either groups (Supplementary Table S3).
DISCUSSION
Emerging data suggest that immunotherapy has become a new therapeutic model in oncology. However, the results of clinical trials have shown that the majority of STS patients do not benefit from this treatment (total response rate <20%) (Monga et al., 2020). Tumor angiogenesis not only contributes to tumor growth and metastasis but also induces the immunosuppressive formation of TME (Yi et al., 2019). Therefore, the combination of immunotherapy and anti-angiogenic therapy has recently emerged as a novel treatment pattern (Fukumura et al., 2018; Wang et al., 2020; Zhang et al., 2019). Based on the single-arm clinical trial of NCT02636725, the anti-VEGF inhibitor (axitinib) plus anti-PD-1 antibody (pembrolizumab) had antitumor activity in ASPS patients (the mPFS was 12.4 months, the ORR was 54.5%, and the CBR was 72.7% at 3 months) (Wilky et al., 2019). However, data on the real-world clinical effectiveness of combination therapy in ASPS and other STS subtypes remain scarce.
Sixty-one eligible patients with various STS subtypes were included in this real-world study. Twenty-one patients received immunotherapy, and 40 patients received immunotherapy in combination with anti-angiogenesis inhibitors. Our results showed that combination therapy exerts a good therapeutic effect, providing evidence for the effectiveness of this treatment pattern in STS (Figure 1). Although the mixture of low- and high-grade sarcomas makes comparison difficult, we have made certain observations in this heterogeneous sarcoma and therapy combination.
First, patients with ASPS had the best response to immunotherapy, although with limited sample size (7 patients). Among them, about 71.4% exhibited a strong partial response (Supplementary Figure S2). Two of the patients who received combination therapy achieved SD for more than 3 months, far beyond than expected (Tawbi et al., 2017). In addition, we found that the response rate was higher in the combination therapy group than in the ICI therapy group (10 vs. 31.7%). These findings were consistent with the results of a prospective phase 2 clinical trial, where the patients with ASPS who received axitinib in combination with pembrolizumab exhibited significant improvements in mPFS, ORR, and CBR (Wilky et al., 2019). We also showed that the combination of immunotherapy and anti-vascular therapy has advantages for the treatment of ASPS subtypes, and we are looking forward to more data and mechanism research to further illustrate this point of view.
Previous studies have shown that LMS subtypes respond to immunotherapy, with an ORR of 45% (Tawbi et al., 2017). However, in our cohort, 37.5% (6/16) of LMS patients achieved PD and 50% (8/16) achieved SD. Monga et al. (2020) suggested that the TMB alteration of multiple lines of chemotherapy or radiation in the real world could lead to different response rates for immunotherapy treatment. We did not investigate TMB or PD-L1 status within the patients, which is a limitation in our study. Although LMS patients in our study did not benefit from either ICI or ICI–TKI treatment, we found that the patients achieved SD instead of PD in the combination therapy group (Figure 2). It is therefore important to investigate the efficacy and safety of combination therapy for LMS in future randomized clinical trials and to discover prognostic biomarkers that may assist in response prediction. In addition, we verified the effectiveness of PD-1 inhibitors for UPS, but in the process by boldly trying anti-vascular TKI combination. We found that the combination did not further improve the efficacy of these patients in terms of PFS and ORR. Our results suggest that UPS, as a complex and heterogeneous STS, requires further exploration of a more appropriate combination plan to screen patients who will benefit.
MFS is similar to UPS in the analysis of genotypes, and both were considered to be the same responding subtype to ICI for its TIL microenvironment (Pollack et al., 2017). Seven MFS patients in our cohort were given combination therapy as a leading exploration. Our results showed that the patients not only had a satisfactory ORR (42.9%) but also prolonged the PFS, and all patients achieved SD. Our center actively evaluated four patients: two received ICI–TKI two-drug combination therapy and two received ICI combined with chemotherapy and TKI three-drug combination therapy, and the results are encouraging. We found that the ORR reached 50% and CBR reached 100%. This result gives us great confidence to further perform the larger-scale, mechanism research of immunotherapy-combined anti-vascular targeted therapy in MFS.
Previous studies have demonstrated that PD-L1 expression is a prognostic factor for STS immunotherapy (Kim et al., 2021). However, we found that the status of PD-L1 did not predict the CBR of ICI–TKI treatment. Moreover, the TMB was not a satisfactory marker to predict clinical outcomes in STS patients who received immune-based therapies.
The tolerability of immunotherapy in sarcoma patients appears to be similar to that in other patients (Horvat et al., 2015). Rash, fever, and fatigue were the most common adverse events. Similar to other experiences with immunotherapeutic agents, certain unusual toxicities were observed, necessitating discontinuation of the drug and administration of steroids (D’Angelo et al., 2018).
CONCLUSION
In general, anti-angiogenesis inhibitors combined with PD-1 inhibitor therapy can enhance the mPFS (more than 5 months), ORR, and DCR in patients with STS. Our study showed that patients with ASPS and UPS are more sensitive to immunotherapy and that MFS is another promising subtype to benefit from ICI–TKI combination therapy. Although LMS does not significantly change the ORR of immunotherapy, we found that the mPFS of LMS patients who received immunotherapy was significantly prolonged.
DATA AVAILABILITY STATEMENT
The original contributions presented in the study are included in the article/Supplementary Material, and further inquiries can be directed to the corresponding author.
ETHICS STATEMENT
The studies involving human participants were reviewed and approved by the Ethics Committee of Zhongshan Hospital Affiliated to Fudan University. Written informed consent to participate in this study was provided by the participants’ legal guardian/next of kin.
AUTHOR CONTRIBUTIONS
YY contributed to sorting, writing the article, and chart analysis. Gx, RZ, CZ, ZW, FS, YY, and YW contributed to data collection, and Gx, RZ, CZ, ZW, FS, and YW collated the article. ZY, WL, and WL contributed to specimen collection and genetic analysis. YH contributed to pathological diagnosis and immunohistochemical analysis. ML was responsible for statistical analysis. JW and XZ contributed to NGS analysis. YZ provided experimental design ideas and data analysis guidance.
PUBLISHER’S NOTE
All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors, and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.
SUPPLEMENTARY MATERIAL
The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmolb.2021.747650/full#supplementary-material
REFERENCES
 Berry, V., Basson, L., Bogart, E., Mir, O., Blay, J.-Y., Italiano, A., et al. (2017). REGOSARC: Regorafenib versus Placebo in Doxorubicin-Refractory Soft-Tissue Sarcoma-A Quality-Adjusted Time without Symptoms of Progression or Toxicity Analysis. Cancer 123, 2294–2302. doi:10.1002/cncr.30661
 Chi, Y., Fang, Z., Hong, X., Yao, Y., Sun, P., Wang, G., et al. (2018). Safety and Efficacy of Anlotinib, a Multikinase Angiogenesis Inhibitor, in Patients with Refractory Metastatic Soft-Tissue Sarcoma. Clin. Cancer Res. 24, 5233–5238. doi:10.1158/1078-0432.CCR-17-3766
 D’Angelo, S. P., Mahoney, M. R., Van Tine, B. A., Atkins, J., Milhem, M. M., Jahagirdar, B. N., et al. (2018). A Non-comparative Multi-center Randomized Phase II Study of Nivolumab +/− Ipilimumab for Patients with Metastatic Sarcoma (Alliance A091401). Lancet Oncol. 19, 416–426. doi:10.1016/S1470-2045(18)30006-8
 Fletcher, C., Bridge, J., Hogendoorn, P., and Mertens, F. (2013). WHO Classification of Tumours of Soft Tissue and Bone. 4th edition ( Wold Health Organization, Lund University Publishtions). 
 Fukumura, D., Kloepper, J., Amoozgar, Z., Duda, D. G., and Jain, R. K. (2018). Enhancing Cancer Immunotherapy Using Antiangiogenics: Opportunities and Challenges. Nat. Rev. Clin. Oncol. 15, 325–340. doi:10.1038/nrclinonc.2018.29
 Horvat, T. Z., Adel, N. G., Dang, T.-O., Momtaz, P., Postow, M. A., Callahan, M. K., et al. (2015). Immune-Related Adverse Events, Need for Systemic Immunosuppression, and Effects on Survival and Time to Treatment Failure in Patients with Melanoma Treated with Ipilimumab at Memorial Sloan Kettering Cancer Center. J. Clin. Oncol. 33, 3193–3198. doi:10.1200/JCO.2015.60.8448
 Judson, I., Verweij, J., Gelderblom, H., Hartmann, J. T., Schöffski, P., Blay, J.-Y., et al. (2014). Doxorubicin Alone versus Intensified Doxorubicin Plus Ifosfamide for First-Line Treatment of Advanced or Metastatic Soft-Tissue Sarcoma: a Randomised Controlled Phase 3 Trial. Lancet Oncol. 15, 415–423. doi:10.1016/S1470-2045(14)70063-4
 Kim, S. K., Kim, J. H., Kim, S. H., Lee, Y. H., Han, J. W., Baek, W., et al. (2021). PD-L1 Tumour Expression Is Predictive of Pazopanib Response in Soft Tissue Sarcoma. BMC Cancer 21, 336. doi:10.1186/s12885-021-08069-z
 Monga, V., Skubitz, K. M., Maliske, S., Mott, S. L., Dietz, H., Hirbe, A. C., et al. (2020). A Retrospective Analysis of the Efficacy of Immunotherapy in Metastatic Soft-Tissue Sarcomas. Cancers 12, 1873. doi:10.3390/cancers12071873
 Petitprez, F., de Reyniès, A., Keung, E. Z., Chen, T. W.-W., Sun, C.-M., Calderaro, J., et al. (2020). B Cells Are Associated with Survival and Immunotherapy Response in Sarcoma. Nature 577, 556–560. doi:10.1038/s41586-019-1906-8
 Pollack, S. M., He, Q., Yearley, J. H., Emerson, R., Vignali, M., Zhang, Y., et al. (2017). T-cell Infiltration and Clonality Correlate with Programmed Cell Death Protein 1 and Programmed Death-Ligand 1 Expression in Patients with Soft Tissue Sarcomas. Cancer 123, 3291–3304. doi:10.1002/cncr.30726
 Rabinovich, G. A., Gabrilovich, D., and Sotomayor, E. M. (2007). Immunosuppressive Strategies that Are Mediated by Tumor Cells. Annu. Rev. Immunol. 25, 267–296. doi:10.1146/annurev.immunol.25.022106.141609
 Savina, M., Le Cesne, A., Blay, J.-Y., Ray-Coquard, I., Mir, O., Toulmonde, M., et al. (2017). Patterns of Care and Outcomes of Patients with METAstatic Soft Tissue SARComa in a Real-Life Setting: the METASARC Observational Study. BMC Med. 15, 78. doi:10.1186/s12916-017-0831-7
 Siegel, R. L., Miller, K. D., Fuchs, H. E., and Jemal, A. (2021). Cancer Statistics, 2021. CA A. Cancer J. Clin. 71, 7–33. doi:10.3322/caac.21654
 Tawbi, H. A., Burgess, M., Bolejack, V., Van Tine, B. A., Schuetze, S. M., Hu, J., et al. (2017). Pembrolizumab in Advanced Soft-Tissue Sarcoma and Bone Sarcoma (SARC028): a Multicentre, Two-Cohort, Single-Arm, Open-Label, Phase 2 Trial. Lancet Oncol. 18, 1493–1501. doi:10.1016/s1470-2045(17)30624-1
 Wang, Q., Gao, J., Di, W., and Wu, X. (2020). Anti-angiogenesis Therapy Overcomes the Innate Resistance to PD-1/pd-L1 Blockade in VEGFA-Overexpressed Mouse Tumor Models. Cancer Immunol. Immunother. 69, 1781–1799. doi:10.1007/s00262-020-02576-x
 Weiss, A. R., Chen, Y.-L., Scharschmidt, T. J., Chi, Y.-Y., Tian, J., Black, J. O., et al. (2020). Pathological Response in Children and Adults with Large Unresected Intermediate-Grade or High-Grade Soft Tissue Sarcoma Receiving Preoperative Chemoradiotherapy with or without Pazopanib (ARST1321): a Multicentre, Randomised, Open-Label, Phase 2 Trial. Lancet Oncol. 21, 1110–1122. doi:10.1016/S1470-2045(20)30325-9
 Wilky, B. A., Trucco, M. M., Subhawong, T. K., Florou, V., Park, W., Kwon, D., et al. (2019). Axitinib Plus Pembrolizumab in Patients with Advanced Sarcomas Including Alveolar Soft-Part Sarcoma: a single-centre, Single-Arm, Phase 2 Trial. Lancet Oncol. 20, 837–848. doi:10.1016/S1470-2045(19)30153-6
 Yang, J., Yan, J., and Liu, B. (2018). Targeting VEGF/VEGFR to Modulate Antitumor Immunity. Front. Immunol. 9, 978. doi:10.3389/fimmu.2018.00978
 Yi, M., Jiao, D., Qin, S., Chu, Q., Wu, K., and Li, A. (2019). Synergistic Effect of Immune Checkpoint Blockade and Anti-angiogenesis in Cancer Treatment. Mol. Cancer 18, 60. doi:10.1186/s12943-019-0974-6
 Zhang, G., Liu, C., Bai, H., Cao, G., Cui, R., and Zhang, Z. (2019). Combinatorial Therapy of Immune Checkpoint and Cancer Pathways Provides a Novel Perspective on Ovarian Cancer Treatment (Review). Oncol. Lett. 17, 2583. doi:10.3892/ol.2019.9902
Conflict of Interest: The authors JW and XZ were employed by the company GenomiCare Biotechnology (Shanghai) Co., Ltd.The remaining authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.
Copyright © 2021 You, Guo, Zhuang, Zhang, Wang, Shen, Wang, Liu, Zhang, Lu, Hou, Wang, Zhang, Lu and Zhou. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.
		ORIGINAL RESEARCH
published: 26 November 2021
doi: 10.3389/fmolb.2021.761163


[image: image2]
Nomogram to Predict Tumor-Infiltrating Lymphocytes in Breast Cancer Patients
Jikun Feng1, Jianxia Li2, Xinjian Huang1, Jiarong Yi1, Haoming Wu1, Xuxiazi Zou1, Wenjing Zhong1 and Xi Wang1*
1Department of Breast Oncology, Sun Yat-Sen University Cancer Center, The State Key Laboratory of Oncology in South China, Collaborative Innovation Center for Cancer Medicine, Guangzhou, China
2Department of Medical Oncology, The Sixth Affiliated Hospital of Sun Yat-Sen University, Guangdong Provincial Key Laboratory of Colorectal and Pelvic Floor Diseases, Guangzhou, China
Edited by:
Yu Guo, The First Affiliated Hospital of Sun Yat-sen University, China
Reviewed by:
Yizi Cong, Yantai Yuhuangding Hospital, China
Yiping Zou, Guangdong Provincial People’s Hospital, China
Taicheng Zhou, The Sixth Affiliated Hospital of Sun Yat-sen University, China
* Correspondence: Xi Wang, wangxi@sysucc.org.cn
Specialty section: This article was submitted to Molecular Diagnostics and Therapeutics, a section of the journal Frontiers in Molecular Biosciences
Received: 19 August 2021
Accepted: 08 October 2021
Published: 26 November 2021
Citation: Feng J, Li J, Huang X, Yi J, Wu H, Zou X, Zhong W and Wang X (2021) Nomogram to Predict Tumor-Infiltrating Lymphocytes in Breast Cancer Patients. Front. Mol. Biosci. 8:761163. doi: 10.3389/fmolb.2021.761163

Background: Tumor-infiltrating lymphocytes (TILs) play important roles in the prediction of prognosis and neoadjuvant therapy (NAT) efficacy in breast cancer (BRCA) patients, in this study, we identified clinicopathological factors related to BRCA TILs, then to construct and validate nomogram to predict high density of TILs.
Methods: A total of 826 patients diagnosed with BRCA in Sun Yat-Sen University cancer center were enrolled in nomogram cohort. TILs were assessed using hematoxylin-eosin (H&E) staining by two pathologists. Complete clinical data were collected for analysis. Then the enrolled patients were split into a training set and validation set at a ratio of 8:2. and the backward multivariate binary logistic regression model was used to establish nomogram for predicting BRCA TILs, which were further evaluated and validated using the C-index, receiver operating characteristic (ROC) curves and calibration curves. Then another independent NAT cohort of 106 patients was established for verifying this nomogram in NAT efficacy prediction.
Results: TILs were significantly correlated with body mass index (BMI), tumor differentiation, ER, PR, HER2 expression, Ki67, blood biochemical indicators including total bilirubin (TBIL), indirect bilirubin (IBIL), total protein (TP), Globulin (GLOB), inorganic phosphorus (IP), calcium (Ca). In which ER expression level [OR = 0.987, 95%CI (0.982–0.992), p < 0.001], IP [OR = 4.462, 95%CI (1.171∼17.289), p = 0.029], IBIL [OR = 0.906, 95%CI (0.845–0.966), p = 0.004] and TP [OR = 1.053, 95%CI (1.010–1.098, p = 0.016)] were independent predictors of TILs. Then nomogram was established, for which calibration curves (C-index = 0.759) and ROC curve (AUC = 0.759, 95%CI 0.717–0.801) in training sets, calibration curves (C-index = 0.708) and ROC curve (AUC = 0.708, 95%CI 0.617–0.800) in validation sets demonstrated great evaluation efficiency. Besides, independent NAT cohort verified this nomogram can distinguish patients with greater NAT efficacy (p = 0.041).
Conclusion: The finds of clinicopathological factors associated with TILs could help clinicians to understand the tumor immunity of BRCA and improve treatment system for patients, and the established nomogram with high evaluation efficiency may be used as a complement tool for distinguishing patients with better NAT efficacy.
Keywords: breast cancer, tumor-infiltrating lymphocytes (TILs), nomogram, neoadjuvant therapy (NAC), precise medicine
INTRODUCTION
According to the latest cancer statistics, in 2021, there would be about 284,200 newly diagnosed breast cancer (BRCA) patients in the United States, accounting for around 15% of all cancer diagnosis. In the female population, BRCA has the highest incidence rate (30%) and the second mortality rate (15%), and the incidence has steadily increased in the past 2 decades, therefore, BRCA is considered as a major threat to women’s health (Siegel et al., 2021). Although the treatment methods of BRCA patients has been improved to a certain extent, there is still space for improvement in precise treatment and management. And in clinical practice, there is an urgent need for indicators to predict prognosis, treatment efficacy and guide selections of treatment options.
Tumor-infiltrating lymphocytes (TILs) refer to mononuclear immune cells infiltrating into the tumor tissue, which have been reported and studied in a variety of solid tumors, including BRCA, colon cancer, cervical cancer, melanoma, and lung cancer (Underwood, 1974). TILs in the breast tissue mainly consist of CD8+ T cells, as well as helper (CD4+) T cells, CD19+ B cells and a very small amount of NK cells with different infiltration degrees (Chin et al., 1992; Whitford et al., 1992). TILs is a highly complicated system (Gajewski et al., 2013). Thus, we need to do furthering research to better understanding tumor immunity.
TILs are of great significance in neoadjuvant treatment (NAT) efficacy evaluation for BRCA patients. Studies have shown that TILs are associated with positive disease-free survival (DFS) in triple-negative breast cancer (TNBC) and HER2 + patients. While TILs are related to increased overall survival (OS) in TNBC and HR+ HER2-patients (Denkert et al., 2018a), and TILs can serve as an independent prognosis factor for TNBC patients (Pruneri et al., 2016a). Besides, the level of TILs is also related to tumor metastasis in BRCA, research indicate metastatic BRCA tended to have lower TILs (Zhu et al., 2019). What’s more, TILs were also reported to be correlated with the efficacy of NAT. For TNBC and HR+ HER2-subtypes, patients with higher TILs are more likely to have pathological complete response (pCR) after neoadjuvant chemotherapy (Hamy et al., 2019). A possible explanation for this association was that chemotherapy, including cyclophosphamide, and gemcitabine, can indirectly stimulate TILs mediated adaptive immune response by reducing immunosuppressive factors (Denkert et al., 2018a). Therefore, chemotherapy, besides being tumoricidal, may additionally have an immunotherapeutic effect via stimulation of immune responses in TILs leading to complete clinical responses (Pruneri et al., 2016a). For HER2+ subtype, patients with higher TILs tended to benefit more from neoadjuvant targeted therapy in regard of pCR (Ignatiadis et al., 2019; De Angelis et al., 2020).And the same trend has also been observed in BRCA immunotherapy (Loi et al., 2021), However, beneficial effects of neoadjuvant endocrine-therapy were found in tumors with low TILs infiltration for HR + HER2-patients (Skriver et al., 2020a; Skriver et al., 2020b; Lundgren et al., 2020).
Overall, TILs in BRCA patients are of great clinical significance in NAT and prognosis evaluation. However, there are some limitations for traditional H and E staining. Firstly, for patients receiving NAT, tumor sample could only be obtained through pre-operative fine-needle aspiration biopsy, the sample size is small and local, which on the one hand cannot represent the whole tumor, due to the heterogeneous distribution of TILs in BRCA patients (Dieci et al., 2018), and will affect the accuracy of detection on the other hand. Therefore, a prediction model, based on accurate TILs data of NAT naive surgical resection specimens and baseline available indictors, has important clinical significance for evaluating the baseline level of TILs and the efficacy of NAT. Finally, the prediction model of TILs, can serve as a newly prognosis tool for BRCA patients, whose tumor samples cannot be obtained (et: samples from other hospitals could not be borrowed and used, or the tissue itself was too small for further staining) to perform H and E staining and morphological evaluation of TILs. Thus, for those two kinds of specific BRCA patients, traditional H and E staining has noteworthy deficiencies, so we need an prediction model with great accuracy.
Therefore, NAT naive surgical resection specimens were analyzed and clinical data was collected, aiming to explore associations of TILs with clinicopathological characteristics, and to propose nomogram model for predicting high TILs in BRCA patients.
MATERIALS AND METHODS
Nomogram Cohort Patients
From June 2020 to March 2021, a total number of 826 patients’ data were collected in Sun Yat-Sen University Cancer Center. The diagnosis of invasive breast cancer was confirmed by postoperative pathology. The main inclusion criteria were: 1. 18–80 years of age; 2. eligibility for radical tumor resection after comprehensive evaluation. Exclusion criteria mainly were: 1) previous NAT, i.e., chemotherapy, radiotherapy, targeted therapy, or immunotherapy, etc; 2) secondary tumors or multifocal tumors; 3) HIV infection or other immune system diseases; 4) past use of immune agents or drugs and health care products that may affect immune function; 5) state of inflammation and infection within nearly 1 week. This study was approved by the Ethics Committee of Sun Yat-Sen University Cancer Center.
General Information and Examination Results
Patients’ information was obtained from the breast cancer single disease research platform of Sun Yat-Sen University Cancer Center. Inclusion and exclusion criteria were described above. General patient information, histopathological findings and specific blood test results were assessed retrospectively. General patient information included age, gender, BMI, blood type, hypertension, and diabetes. Blood test results included blood routine, blood biochemical, hormone level, and tumor markers. All blood test results were obtained from the patients within 1 week before surgery. The histopathological data included postoperative paraffin pathological findings: pathological type and stage, TNM staging, degree of tumor differentiation, immunohistochemical staining results. ER positivity was defined as ER ≥ 1%. PR positivity was defined as PR ≥ 1%.
Tumor-Infiltrating Lymphocyte Assessment
Postoperative tumor paraffin specimens from 826 patients underwent H and E staining, and two pathologists independently calculated stromal TILs density percentages; the final values of TILs were obtained through unified discussion, with the measurement standard referring to “RECOMMENDATIONS BY AN INTERNATIONAL TILs–For the supplemental versions of WORKING GROUP 2014 and 2018”,the standardized approach mainly including: 1) select tumor aera.2) define stromal area.3) scan at low magnification.4) determine type of inflammatory infiltrate.5) assess the percentage of stromal TILs (Salgado et al., 2015; Dieci et al., 2018). In this study, “10%” TILs was taken as the cut-off value; therefore, patients with >10% TILs were considered the high TILs group, and the remaining individuals constituted the low TILs group.
Construction and Validation of Nomogram
To improve the robustness and reliability of our prediction model, the nomogram cohort were split into a training set and validation set in a random manner without replacement at a ratio of 8:2. Training set was used to construct the predicted nomogram and perform internal validation. For training cohort, baseline predictors of TILs in BRCA patients were evaluated by the univariate and multivariate binary logistic regression model. Then variables with p value less than 0.05 were included in the backward multivariate binary logistic regression model (Erratum: Borderud et al., 2015) to further screen the optimal prediction model with the lowest Akaike information criterion (AIC). Finally, nomogram establishment was performed based on the optimal prediction model with the R software (version 4.0.1). Bootstrapping with 80 samples was applied for internal validation of the nomogram. The performance of nomogram was assessed by Harrell’s concordance index (C-index). Calibration curves were implemented to validate the accuracy and reliability of the nomogram (Kramer and Zimmerman, 2007). In the end, model performance in predicting high TILs were quantified using the area under the curve (AUC) of the receiver operating characteristic (ROC) analysis in training set and validated in validation set, respectively. During the validation of the nomogram, the total points of each patient in the validation cohort were calculated according to the established nomogram, then ROC curve were derived using the total points as predicting parameter. All analyses and plots were performed using the following R packages: “rms”, “calibrate”, “pROC” and “nomogramEx”.
Validation of Nomogram in NAT Cohort
In order to verify the clinical significance of TILs nomogram model, we included an independent cohort treated with NAT, to verify our nomogram model with the prediction of NAT pCR ratio. The main inclusion criteria were: 1) 18–80 years of age female patients; 2) Preoperative diagnosed as the early and intermediate stage breast cancer, and eligibility for NAT after comprehensive evaluation according to the latest NCCN BRCA guideline. Exclusion criteria mainly were: 1) previous anti-tumor therapy, i.e., surgery, chemotherapy, radiotherapy, targeted therapy, or immuno-therapy, etc; 2) secondary tumors or multifocal tumors; 3) HIV infection or other immune system diseases; 4) past use of immune agents or drugs and health care products that may affect immune function; 5) state of inflammation and infection within nearly 1 week; 6) Participated in any prospective drug clinical study. Then, a total of 106 patients’ data were collected in Sun Yat-Sen University Cancer Center from December 2017 to March 2021.Total points of each patient in the NAT cohort were calculated according to the established nomogram. NAT efficacy was calculated with Pathological complete response (pCR), pCR defined as pathological Miller-payne grade5 together with no lymph nodes metastasis. Patients were divided into predicted high and low TILs groups according to the optimal cut-off points defined by ROC analysis in nomogram training set.
Statistical Analysis
Categorical variables were analyzed by the Chi-square test or Fisher’s exact test. Continuous variables were analyzed by non-parametric tests. Associations of clinical and pathological variables with TILs were determined. Then, the optimal cutoff value of TILs was determined by ROC curve analysis, predicting low and high-immune cell groups and further stratifying the patients into the low and high-TILs groups. All statistical tests were two-sided, and p < 0.05 was considered significant. Statistical analysis was performed with Programming language R (version 4.0.1, http://www.R-project.org).
RESULTS
General Patient Characteristics and Histopathological Findings
A total of 826 patients were included in nomogram cohort according to the above criteria, H andE staining was performed in enrolled cases to assess the density of TILs, and the results were confirmed by two pathologists. As shown in Figures 1H,E, staining showed various concentration gradients of TILs under a microscope at 100 and 200×, respectively, (Figure 1). The general information is shown in Table.1. Related factors were included for analysis, and the associations of these factors with TILs in tumor tissue samples were analyzed. It was found that tumor differentiation (p < 0.001), TNM staging (p = 0.045) and BMI (p = 0.015) were significantly correlated with TILs. In addition, age, gender, marital status, blood group, tumor location, tumor T and N stages, hypertension, and diabetes mellitus were not significantly correlated with tumor TILs.
[image: Figure 1]FIGURE 1 | H and E staining with of breast cancer tissues, shown at 10× magnification (inset at 100×) and 20× magnification (inset at ×200). (A) Representative images of H and E in a breast cancer patient with 1% TILs density at 10x and 20x magnifications. (B) Representative images of H and E in a breast cancer patient with 30% TILs density at 10x and 20x magnifications. (C) Representative images of H and E in a breast cancer patient with 70% TILs density at 10x and 20x magnifications. (D) Representative images of H and E in a breast cancer patient with 90% TILs density at 10x and 20x magnifications.
TABLE 1 | Patient and general features.
[image: Table 1]Pathological Features
Pathological findings were collected to analyze the associations of these factors with TILs (Table.2). Comparative analysis indicated that positive status of ER (37 vs. 63%, p < 0.001), PR (38 vs. 62%, p < 0.001), AR (14 vs. 86%, p < 0.001) expression and peri-tumor nerve invasion (10 vs. 89%, p = 0.009) were correlated with lower TILs. Meanwhile, HER2 positive rate (60 vs. 40%, p < 0.001), Ki67 expression (p < 0.001), and peri-tumor vascular invasion(62 vs. 38%, p = 0.039) were positively correlated with high TILs.
TABLE 2 | correlations between Pathological features and TILs.
[image: Table 2]Further analysis showed that even in HR + HER2-breast cancer, ER expression level (p = 4.6e-07) and PR (p = 0.00043) were negatively correlated with TILs, indicating that the association between TILs and HR is independent of molecular subtyping. Patients with TILs <30% showed increased ER and PR expression levels, especially ER levels (Figures 2A,B). Besides, in HR + HER2-patients (p = 1.6e-11) and HER2+, TNBC patients (p = 0.0072), the expression of Ki67 was positively correlated with TILs (Figures 2C,D).
[image: Figure 2]FIGURE 2 | Associations of ER, PR, and Ki67 expression level with the density of TILs. (A) In HR+ HER2− BRCA, ER expression was negatively correlated with TILs (p = 4.6e-07). (B) In HR+ HER2− BRCA, PR expression was negatively correlated with TILs (p = 0.00043). (C) In HR+ HER2− BRCA, ki67 expression was positively correlated with TILs (p = 1.6e-11). (D) In TNBC and HER2+ BRCA, ki67 expression was positively correlated with TILs (p = 0.0072).
Blood Specimen Analysis
In biochemical indicators, median levels of total bilirubin (TBIL) (10.7 vs. 10.2, p = 0.033) and indirect bilirubin (IBIL) (7.6 vs. 7.2, p = 0.018) were significantly higher in low TILs group. Conversely, median levels of total protein (TP) (72.67 vs. 73.18, p = 0.020), globulin (GLOB) (29.02 vs. 29.77, p = 0.019), calcium (Ca) (2.25 vs. 2.28, p = 0.011) and inorganic phosphorus (IP) (1.15 vs. 1.18, p = 0.006) were significantly higher in high TILs group. (Table 3).
TABLE 3 | correlations between blood biochemistry and TILs.
[image: Table 3]However, we found no significant correlations between TILs and indicators of blood routine (Supplementary Table S1), tumor markers (CEA, CA153, CA125, CA199) (Supplementary Table S3) and hormone levels (Supplementary Table S2).
Nomogram for Evaluating Breast Cancer TILs
Various factors affecting BRCA TILs were included in the analysis. In order to establish a predicted model that can be used in baseline situation, we only include TILs associated factors that can be accurately detected at baseline biopsy tissue and blood samples, including ER expression level, PR expression level, Ki67 expression level, HER2 status, and significant blood indicators mentioned above (TP, GLOB, IP, Ca, TBIL, and IBLI).
We divided the nomogram cohort with complete parameter information mentioned above (n = 773) into training set and validation set in a random manner without replacement at a ratio of 8:2. Nomogram model construction was performed in training set (n = 618). In univariate logistic regression analysis, all of the baseline indicators showed significant correlation with TILs and were further enrolled in the backward multivariate logistic regression model (Table.4). It turned out that the model with IBIL, IP TP, histology grade, ER, and Ki67 as input variables has the lowest AIC. Therefore, factors of PR, HER2, TBIL, GLOB were excluded after backward multivariate binary logistic regression analysis and further nomogram construction. Finally, a nomogram model for BRCA (Figure 3) was further established with variates of IBIL, IP TP, histology grade, ER, and Ki67 (Figure 3A). Harrell’ concordance indicators of the nomogram were assessed (c-index = 0.772), and calibration curves showed good agreement between predicted and observed values (Figure 3B). In ROC curve analysis to evaluate the discrimination power of the TILs nomogram, the AUC was 0.759 (95%CI 0.717–0.801) in training set and 0.708 (95%CI 0.617–0.800) in validation set, respectively (Figures 3C,D). Univariate binary logistic analysis showed that large point value calculated using the nomogram model had a significant association with higher TILs (OR = 1.033 95%CI:1.026–1.04, p < 0.001).
TABLE 4 | Correlative factors for TILs identified by univariate binary logistic regression and results of backward binary logistic multivariate logistic regression analysis.
[image: Table 4][image: Figure 3]FIGURE 3 | Nomogram, calibration curves, and ROC curve analysis for predicting the density of TILs in patients with breast cancer. (A) Prediction nomogram for TILs in breast cancer patients. (B) Calibration curves for predicting the density of TILs. (C) ROC curves for the TILs prediction nomogram in the internal training set. (D) ROC curves for the TILs prediction nomogram in the validation set. All the points assigned on the top point scales for various factors were summed to generate a total point score. The total score was projected on the bottom scales to determine the probability of high-density TILs in an individual. The nomogram-predicted frequency of high TIL density was plotted on the x-axis, and the actual observed frequency of high T cell density was plotted on the y-axis. The AUC was calculated, and its 95% CI was estimated by bootstrapping. TILs, tumor-infiltrating lymphocytes; ROC, receiver operating characteristic; CI, confidence interval.
In addition, we also found that ER expression level [OR = 0.987, 95%CI (0.982–0.992), p < 0.001], IP [OR = 4.462, 95%CI (1.171–17.289), p = 0.029] ,IBIL [OR = 0.906, 95%CI (0.845–0.966), p = 0.004], and TP [OR = 1.053, 95%CI (1.010–1.098, p = 0.016)] were independent predictors of TILs in BRCA patients. (Table.4).
Validation of Nomogram in NAT Patients
To further verify the prediction effect of this nomogram on NAT efficacy, another independent NAT cohort was collected for testing. A total of 106 patients were included, including 26 patients with pCR and 80 patients with non-PCR (Table.5), and scored those patients with this nomogram model. Patients were divided into the high TILs group and the low TILs group. 30% (24/80) of patients in the high TILs group achieved pCR, for which only 7.69% (2/26) in the low TILs group (p = 0.041) (Figure 4A). And in pCR group, patients tended to have higher nomogram points compared with non-pCR group (p = 0.022) (Figure 4B).
TABLE 5 | general infromation in independent validation cohort.
[image: Table 5][image: Figure 4]FIGURE 4 | Validation of nomogram in NAT patients. (A) The distribution of pCR patients in the high and low TILs groups predicted by this nomogram, pCR ratio in predicted high TILs group 30 vs. 7.69% in predicted low TILs group, p = 0.041 (B) Patients in the pCR group tended to have a higher nomogram score, p = 0.022.
DISCUSSION
This study retrospectively analyzed factors affecting TILs in BRCA patients and established nomogram model with a large sample size and relatively complete and comprehensive clinical data. Through a series of statistical tests, a model with certain predictive efficacy was established and validated, and relevant factors affecting TILs were obtained. With considerable clinical significance, aiming to help clinicians understand the influencing factors of TILs and evaluate the TILs status of some specific BRCA patients. There is a nomogram model to predict TILs in ovarian cancer (Dai et al., 2021), while to our knowledge, this is the first nomogram model for predicting TILs in BRCA patients with a large sample size and explicit clinical significance.
Some influencing factors of TILs were obtained. HR + HER2- BRCA had the lowest density of TILs, significantly less than TNBC and HER2 + BRCA cases, corroborating withprevious findings (Stanton et al., 2016). In addition, based on a large sample size, this study firstly found that even in HR + HER2- BRCA, TILs were negatively correlated with ER and PR expression, and positively associated with Ki67. In TNBC and HER2+ BRCA cases, there was a positive correlation between TILs and Ki67 expression. These findings indicated that molecular subtyping of BRCA alone is not enough to predict TILs, and detailed information has valuable significance to improve TILs evaluation.
Based on the postoperative pathological results of patients in this study, TILs were correlated with pathological grade, peri-tumor vascular invasion, molecular typing and other factors, which were in agreement with the conclusions of previous studies (Pruneri et al., 2016b; Criscitiello et al., 2020; Dülgar et al., 2020). In addition, this study innovatively found that BRCA peri-tumor nerve invasion was also negatively correlated with TILs, providing another influencing factor as a reference, although the specific mechanism still needs to be further explored.
Furthermore, this study firstly found significantly negative correlations between TBIL, IBIL, and IP with TILs, based on large sample size. To our knowledge, this is the first work to report an association between bile acid metabolism and BRCA TILs. Previous studies have suggested that bile acids, as tumor suppressants, can regulate the production and function of CD4, Th17, and Treg cells in peripheral blood, which impacts the body’s tumor immunity (Hang et al., 2019; Campbell et al., 2020). Lithocholic acid (LAC) as a part of bile acid metabolism, which has been reported to inhibit the proliferation and invasion of BRCA cells and induce their death through lipid metabolism and other mechanisms (Krishnamurthy et al., 2008; Luu et al., 2018; Mikó et al., 2018). Besides, studies have shown that bile acids can affect the expression of chemokine CXCL16, and then affect the infiltration of natural killer T cells in liver cancer through intestines-liver axis, and then affect the biological behavior of tumor (Ma et al., 2018). While there is no such concept as intestines-liver axis in BRCA, and the specific mechanism behind this phenomenon remains unclear, our results may bridge a connection between bile acid metabolism, tumor immunity, and tumor biological behavior, providing clinical evidence for subsequent mechanism studies. As for IP, this study suggested a significant positive correlation with TILs. In the above multivariate logistic model, IP was the strongest independent predictor. According to previously reported data, IP increase can reduce the occurrence risk of HR- BRCA (Papadimitriou et al., 2021). Besides, some clinical BRCA treatment drugs, such as fulvestrant and bisphosphonates, may also affect IP metabolism (Robertson et al., 2016). Therefore, the relationship between IP and TILs deserves further investigation, as well as the role of IP in BRCA. Due to the limitations of retrospective study, a higher level of evidence can’t be provided, which could only confirm the correlation between the two, but not for determining the causal relationships. Furthermore, during clinical treatment, especially during NAT, abnormal blood index as bile acid or blood biochemical caused by drug therapy (as neoadjuvant chemotherapy, targeted therapy and immune-checkpoint inhibitors) or other reasons, should be paid fully attention by clinicians, which may be related with TILs and furthering tumor immunity, or even prognosis and treatment efficacy.
In recent years, the correlation between body metabolism and tumor biological behaviors has become one of the research hotspots and attracted increasing attention. This study suggested that patients’ BMI was correlated with BRCA TILs. Previous studies have reported that BMI in BRCA patients is related to tumor prognosis and sensitivity to chemotherapy: obesity increases the risk of BRCA recurrence and mortality by about 35–40% (Jiralerspong and Goodwin, 2016). Another retrospective study confirmed that BMI is associated with the efficacy of docetaxel chemotherapy in BRCA patients (Desmedt et al., 2020). Accordingly, in vivo experiments have confirmed that obesity can affect the function and number of CD8+ immune cells through the related STAT3 pathway, metabolite GATM and ACSBG1 gene (Ringel et al., 2020; Zhang et al., 2020; Maguire et al., 2021). Meanwhile this study based on lager sample size, firstly demonstrated BMI as an independent influencing factor for BRCA TILs, which may further impact on the prognosis and treatment efficacy. Consequently, the relationships and mechanism between BMI, TILs, BRCA prognosis, and treatment efficacy are worthy of further investigation. While the present findings could help us to understand the correlation between BMI and BRCA, and promote the positive effect of weight control and physical exercise on the prognosis and treatment of BRCA patients.
Studies have shown that TILs can predict the prognosis of BRCA, and can serve as an independent prognosis factor for TNBC (Pruneri et al., 2016b; Denkert et al., 2018a). Thus, the nomogram could be of great significant in prognostic evaluation especially for patients whose pathological slides cannot be obtained for further immunohistochemical staining. In addition to prognosis evaluation, studies have shown that TILs can be used as a predictor of the efficacy of different neoadjuvant therapies, a meta-analysis based on a large sample size indicated that for BRCA of various subtypes, patients with TILs >10% (intermediate and high TILs) had high NAT pCR ratio than patients with TILs ≤ 10 (Low TILs) (Denkert et al., 2018b). Besides, with the application of neoadjuvant immune-checkpoint inhibitors (ICIs) in breast cancer, Loi, S, et al. found that TILs with 10% cut-off value can be used to screen specific benefit groups of ICIs (Loi et al., 2021). Therefore, for this Nomogram model, TILs = 10% was used as cut-off value and patients were divided into two groups: patients with TILs> 10% were defined as high TILs subgroup, while TILs ≤ 10% is low TILs subgroup. Patients in the High TILs group tended to have better NAT efficacy and ICIs efficacy. And our independent NAT cohort also verified this view.
For patients receiving NAT, the method of obtaining specimens for immunohistochemical examination was fine needle biopsy. Due to the heterogeneous distribution of BRCA TILs (Denkert et al., 2018a; Dieci et al., 2018), the accuracy of TILs evaluation from needle biopsy samples were much inferior to those from postoperative specimens, which may further affected the screening of patients benefiting from NAT. In this study, we proposed a nomogram predicted model for TILs, which only required parameters that can be accurately obtained from the baseline tissue. Therefore, this nomogram model could be helpful for the evaluation of NAT efficacy. And with consideration of side effects of various treatment methods available, we could make the preferable selection for BRCA NAT.
At present, clinical evaluation methods for the efficacy of BRCA chemotherapy mainly include Oncotype DX 21 gene testing (Wang et al., 2018) and MammaPrint 70 gene testing (Krop et al., 2017). It can help clinicians to screen out suitable patients with early and middle stage HR+ HER2− BRCA, who could benefit from chemotherapy. However, those methods are expensive, and require additional blood samples from patients. While our nomogram model is convenient, quick, and non-invasive, and it can be expected to be applied in the evaluation of much more kinds of neoadjuvant therapy for subtypes of BRCA patients.
In this study, postoperative specimens were collected retrospectively for TILs assay, and factors influencing TILs were analyzed, for which may have great clinical significance. Then a nomogram model was established using basic and widely available clinical information (BMI, tumor differentiation, ER, Ki67, IP, IBIL, GLOB), which can accurately estimate the actual TILs of patients, providing a tool for patients and clinicians to make estimation of prognosis and therapeutic efficacy, so as to achieve precise treatment in BRCA.
The limitations of this study mainly include: 1) This study was a retrospective study conducted by single center, which has inherent limitations. 2) We only validated this nomogram with NAT patients in cohort with small sample size, and other items as prognosis and immunotherapy were not verified. 3) The correlation between some indicators such as bilirubin and TILs has been found, but the mechanism has not been further explored.
CONCLUSION
The findings of clinicopathological factors associated with TILs could help clinicians understand the tumor immunity of BRCA patients, serval factors including IBIL and IP as independent predictors of TILs have not been reported before, which may have great clinical significance. And the established nomogram with high evaluation efficiency may be used as a complement tool for distinguishing patients with better neoadjuvant therapeutic efficacy.
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Introduction: Inflammation plays a crucial role in cancers, and the advanced lung cancer inflammation index (ALI) is considered to be a potential factor reflecting systemic inflammation.
Objectives: This work aimed to explore the prognostic value of the ALI in metastatic non–small cell lung cancer (NSCLC) and classify patients according to risk and prognosis.
Methods: We screened 318 patients who were diagnosed with stage IV NSCLC in Hubei Cancer Hospital from July 2012 to December 2013. The formula for ALI is body mass index (BMI, kg/m2) × serum albumin (Alb, g/dl)/neutrophil–lymphocyte ratio (NLR). Categorical variables were analyzed by the chi-square test or Fisher’s exact test. The overall survival (OS) rates were analyzed by the Kaplan–Meier method and plotted with the R language. A multivariate Cox proportional hazard model was used to analyze the relationship between ALI and OS.
Results: According to the optimal cut-off value determined by X-tile software, patients were divided into two groups (the ALI <32.6 and ALI ≥32.6 groups), and the median OS times were 19.23 and 39.97 months, respectively (p < 0.01). A multivariable Cox regression model confirmed that ALI and chemotherapy were independent prognostic factors for OS in patients with NSCLC. OS in the high ALI group was better than that in the low ALI group (HR: 1.39; 95% CI: 1.03–1.89; p = 0.03).
Conclusions: Patients with a low ALI tend to have lower OS among those with metastatic NSCLC, and the ALI can serve as an effective prognostic factor for NSCLC patients.
Keywords: advanced lung cancer inflammation index, inflammation, prognosis, non–small cell lung cancer, overall survival
INTRODUCTION
Due to the lack of symptoms in the early stages of lung cancer, only 21% of patients are diagnosed when they are at stage I and 61% of them at advanced stages of lung cancer (Molina et al., 2008; Miller et al., 2019) Because early disease is typically asymp-tomatic, the majority of lung cancers (61%) are diagnosed at stage III or IV; only 21% of cases are diagnosed at stage I. In terms of prognosis, the 5-year survival rate for stage I lung cancer patients is 57%, while that for stage IV patients is significantly lower at 4%. The 5-year relative survival rate for non–small cell lung cancer (NSCLC) patients is 23%, while the 5-year relative survival rate for small-cell lung cancer (SCLC) patients is even lower at 6% (Miller et al., 2019). NSCLC is one of the main causes of cancer-related deaths, and the prognosis of patients with NSCLC is extremely poor. The 5-year overall survival rate of patients with NSCLC at stage IV was less than 5% over the past 10 years (Arbour and Riely, 2019).
Precision medicine is committed to identifying and classifying individual patients to make the best treatment decisions (Vargas and Harris, 2016). Many demographic characteristics and clinicopathological indicators are recognized as prognostic factors for NSCLC patients, and the pathological stage of the tumor is a vital predictor of overall survival (OS). Various combinations of T (primary tumor), N (regional lymph nodes), and M (distant metastasis classification) stages distinguish cancer patients with different survival characteristics (Eberhardt et al., 2015). It has also been confirmed that some demographic characteristics are of great value in predicting the survival time of NSCLC; these include sex, age (Wang et al., 2019), chronic obstructive pulmonary disease (COPD) status (Loganathan et al., 2006; Ytterstad et al., 2016), and smoking status (de Groot and Munden, 2012). Various inflammatory factors, such as the Glasgow prognostic score (GPS) (Sandfeld-Paulsen et al., 2019; Imai et al., 2021), systemic immune-inflammation index (SII) (Tong et al., 2017; Zheng et al., 2021), NLR (Diem et al., 2017; Bongiovanni et al., 2021), and Aarhus composite biomarker score (ACBS) (Sandfeld-Paulsen et al., 2019), have been validated as prognostic markers in lung cancer.
Chronic inflammation can be triggered by the tumor microenvironment (Balkwill and Mantovani, 2001) and plays a vital role in the occurrence, development, and escape of tumors (Perwez Hussain and Harris, 2007). This may be mediated by the excessive secretion of proinflammatory cytokines and other immunosuppressive factors, resulting in damage to DNA (Ikwegbue et al., 2019) and crosstalk in signal transduction pathways. In addition, the susceptibility and severity of cancer may be related to inflammatory cytokines, and the development of cancer is inhibited when inflammatory cytokine expression is lacking or suppressed (Balkwill and Mantovani, 2001). Moreover, inflammation can contribute to cancer-related clinical symptoms, such as anorexia, cachexia, and pain, which seriously affect the quality of life of patients (Batista et al., 2012). There is growing evidence that inflammatory markers can predict the prognosis of patients with various cancers, such as lung cancer (Sarraf et al., 2009), liver cancer (Aleksandrova et al., 2014), and colorectal cancer (Al-Shaer, 2004). Jafri and his colleagues found that the advanced lung cancer inflammation index (ALI), an inflammatory index, can evaluate inflammation and predict survival time in patients with advanced NSCLC and that low ALI is considered to be a risk factor for poor OS (Jafri et al., 2013). ALI is a powerful prognostic biomarker for both NSCLC (Jafri et al., 2013) and SCLC (He et al., 2015) patients. It has been confirmed that low ALI is also associated with a poor prognosis in patients with esophageal cancer (Feng et al., 2014; Tan et al., 2021), diffuse large B-cell lymphoma (Park et al., 2017), HPV-negative head and neck squamous cell carcinoma (Gaudioso et al., 2021), melanoma (Cheng et al., 2021), and colorectal cancer (Pian et al., 2021). Our study aims to evaluate the prognostic value of ALI in patients with metastatic NSCLC. The results are consistent with Jafri and colleagues’ finding that the ALI can be used as a valuable prognostic indicator for NSCLC patients.
MATERIALS AND METHODS
Study Design
The study is a cross-sectional survey of cancer patients, a total of 318 of whom were pathologically diagnosed with stage IV NSCLC at Hubei Cancer Hospital (HBCH) between July 2012 and December 2013. We selected patients on the basis of the following inclusion criteria: 1) age >18 years, 2) pathological diagnosis of NSCLC, and 3) metastatic pathologic stage IV according to the American Joint Committee on Cancer (AJCC) Staging Manual (Seventh Edition). The exclusion criteria were as follows: 1) second primary cancer at NSCLC diagnosis, 2) a history of malignancy or hematologic disease, 3) blood test results and clinical symptoms and signs indicating severe infection status, and 4) missing follow-up data. Of the 351 eligible patients, we excluded 33 based on missing data on variables of interest. Finally, 318 patients were analyzed further.
Demographic and Clinical Variables
Related inflammatory indicators, including serum albumin (Alb), neutrophil count, lymphocyte count, and lactate dehydrogenase (LDH) were collected. Furthermore, demographic baseline and clinicopathological characteristics, including age, gender, smoking and drinking status, cancer location, family history, treatment of cancer, and history of lung-related diseases, were obtained through medical records. Body mass index (BMI) was derived using its established derivation formula: body weight (kg)/height squared (m2). The neutrophil–lymphocyte ratio (NLR) was calculated as follows: peripheral blood absolute neutrophil count divided by absolute lymphocyte count. The formula for the ALI was BMI ×Alb/NLR, where the unit of BMI is kg/m (Molina et al., 2008), and the unit of Alb is g/dl.
Follow-Up
In this study, we defined OS as the period spanning from the date of pathological diagnosis of NSCLC to the date of the final follow-up (i.e., December 31, 2013) or the date of censoring the patient as alive or dead. The follow-up started from the diagnosis in Hubei Cancer Hospital in December 2013 and continued until the end of the follow-up period or the loss of follow-up. During this period, patients underwent routine reexaminations, such as blood laboratory tests and imaging tests.
Statistical Analysis
The optimal cut-off values of ALI and LDH were determined through X-tile and used to convert these factors into categorical variables. The chi-square test and Fisher’s exact test were used to analyze the relationships among the categorical variables. The OS rate was analyzed by the Kaplan–Meier method, and the survival differences were assessed for statistical significance using the log-rank test. The median survival time and 95% confidence interval (CI) were reported for each group. Furthermore, survival curves including 95% CIs were generated using R language. The influence of variables on OS was analyzed by multivariate Cox proportional hazard regression, and variables that reached statistical significance (p < 0.05) and were associated with ALI were included in the multivariable analysis. Moreover, the hazard ratio (HR) was estimated. All tests were bilateral, and p < 0.05 was considered the threshold for statistical significance. Statistical analyses were performed by SPSS 25.0 software.
RESULTS
Baseline Characteristics
The demographic and clinical variables of the patients who were pathologically diagnosed with NSCLC are shown in Table 1. The majority of patients (n = 221) were younger than 65 years old, and 66.4% of patients were male. A history of cigarette smoking and alcohol consumption was reported by 164 (51.6%) and 78 (24.5%) patients, respectively. In total, 16 (5%) patients had a history of COPD, and 18 (5.7%) had a history of tuberculosis. Regarding treatment, 73% (n = 232) of patients accepted chemotherapy, and 12.6% of patients (n = 40) were treated with radiotherapy. The level of LDH in 74.5% of the patients was lower than 274.4, and the ALI level of most patients was low, ALI <32.6. The median survival time and 95% confidence interval of patients in different groups were obtained by univariate survival analysis. Among them, patients who received chemotherapy tended to have a longer survival time (p = 0.003). The difference in survival time between patients with different levels of LDH and ALI was considered to be statistically significant; furthermore, patients with low levels of LDH (p = 0.013) and a high ALI (p = 0.003) had longer survival times.
TABLE 1 | Baseline characteristics and median OS.
[image: Table 1]Relationship Between Baseline Characteristic Variables and Advanced Lung Cancer Inflammation Index Analysed by Chi-Square Test or Fisher’s Exact Test
According to X-tile software, the optimal cut-off value of ALI was determined to be 32.6. Then, all patients were divided into two groups: ALI<32.6 (n = 191) and ALI ≥32.6 (n = 127). The optimal cut-off value of LDH was determined to be 274.4. The relationship between demographic and clinical variables and ALI was analyzed by the chi-square test or Fisher’s exact test, as shown in Table 2. The results indicated that gender (p = 0.045) and LDH (p < 0.001) were significantly associated with ALI.
TABLE 2 | Basic characteristics according to the level of ALI.
[image: Table 2]Univariate Survival Analysis and Survival Curves
Some factors were recognized as associated with poor OS according to the results of univariate survival analysis (Figure 1), including no chemotherapy (p = 0.003; Figure A), high LDH (p = 0.013; Figure B), and low ALI (p = 0.003; Figure C). According to the Kaplan–Meier survival curve, the median survival times in the no chemotherapy and chemotherapy groups were 14.83 months (95% CI: 9.96–19.71 months) and 32.40 months (95% CI: 25.61–39.20 months), respectively, signifying a marked difference, as revealed by the log-rank test (p = 0.003). Moreover, the high LDH group had a shorter median OS period than the low LDH group (16.60 vs 31.53 months, p = 0.013). The OS of patients with a high ALI (≥32.6) was longer than that of patients with a low ALI (<32.6) (39.97 vs 19.23 months, respectively).
[image: Figure 1]FIGURE 1 | Kaplan–Meier curves for OS and risk tables according to chemotherapy, LDH, and ALI level. (A) OS stratification according to chemotherapy. No chemotherapy was significantly associated with poor OS (p = 0.003). (B) OS stratification according to LDH. High LDH was significantly associated with poor OS (p = 0.013). (C) OS stratification according to ALI. Low ALI was significantly associated with poor OS (p = 0.003).
Multivariate Cox Regression Model
A multivariate Cox proportional hazard model was used to analyze the influence of variables on OS and estimated its HR with 95% CI. Gender, chemotherapy, LDH, and ALI were included in the multivariate Cox regression model (Table 3). Chemotherapy (p = 0.01) and ALI (p = 0.03) were independent prognostic factors in terms of OS. Furthermore, the risk of death in patients with low ALI was 1.39 times higher than that in patients with high ALI (HR: 1.39; 95% CI: 1.03–1.89; p = 0.03).
TABLE 3 | Multivariable Cox regression model (adjusted for gender, chemotherapy, LDH, and ALI).
[image: Table 3]DISCUSSION
Inflammation is an automatic defense response against pathogens, and inflammatory cytokines contribute to reactive oxygen species production, DNA damage, cell proliferation, and tumor-related angiogenesis in the tumor microenvironment. Inflammation contributes to the occurrence, development, and immune escape of tumors and even affects the treatment response.
The NLR and C-reactive protein (CRP) level have been proven to be prognostic factors for NSCLC and other tumors, including hepatocellular carcinoma (Liao et al., 2018), colorectal cancer (Tsai et al., 2016), and esophageal cancer (Otowa et al., 2019). It has been reported that patients with NSCLC whose NLR returned to normal after one cycle of systematic treatment had a better prognosis than those whose NLR was still not in the normal range (Cedrés et al., 2012). However, in a study of advanced renal cell carcinoma, it was found that the remission rate of NLR after treatment was not related to the survival rate (Keizman et al., 2012). An increase in neutrophil count or a decrease in lymphocyte count can lead to an increase in the NLR. Neutrophils can produce cytokines and inhibit lymphocyte-mediated immune activity, thus affecting the prognosis of tumor patients.
Another study confirmed that hypoalbuminemia is related to a poor prognosis in NSCLC patients who are treated with erlotinib (Fiala et al., 2016). The correlation between hypoalbuminemia and shorter survival after tumor resection is statistically significant and has been confirmed in resectable colon cancer. It is well known that Alb is one of the indicators for assessing nutritional status. In addition, albumin is an acute phase protein that can indicate inflammatory activity; it can bind to other laboratory indicators, such as C-reactive protein, lymphocytes, and globulins, and its predictive value has been evaluated.
Moreover, as a nutritional status assessment indicator, BMI is also associated with the prognosis of cancer patients. Both underweight and morbidly obese statuses are associated with poor survival in NSCLC and SCLC (Shepshelovich et al., 2019). Similarly, Masaaki et al. explained that both low BMI and high BMI are related to an increased risk of poor survival in breast cancer (Kawai et al., 2012). For thyroid cancer, patients who have a high BMI might have a higher risk of suffering from cancer (Son et al., 2018; Abdel-Rahman, 2019).
As a metric reflecting BMI, Alb, and NLR, ALI provides a more comprehensive assessment of inflammation than these indicators alone. A low ALI value means higher systemic inflammatory activity and plays an important role in the prognosis of patients. A high ALI suggests low activity systemic inflammation in cancer patients, which may result from moderately increased BMI, increased albumin, and decreased NLR. These factors can be involved in the inhibition of tumor occurrence, invasion, and metastasis, promoting a good prognosis. Conversely, a low ALI is usually associated with a poor prognosis. In the univariate survival analysis, there was a significant correlation between a low ALI and poor OS (p = 0.003). In the multivariate Cox regression analysis, we adjusted for gender, chemotherapy, and LDH, and the results proved that a low ALI is an independent risk factor for OS in NSCLC patients. (HR = 1.39; p = 0.03). Therefore, we proposed that ALI can serve as an effective prognostic factor for NSCLC patients.
CONCLUSION
Our study confirms that the difference in survival time of metastatic NSCLC patients with different ALI statuses is statistically significant, and tumor patients with a low ALI have lower OS. Due to the clinical feasibility of assessing the ALI, it can be used to help distinguish patients with different prognoses.
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As one of the members of the kinesin family, the role and potential mechanism of kinesin family member C1 (KIFC1) in the development of liver hepatocellular carcinoma (LIHC), especially in the immune infiltration, have not been fully elucidated. In this study, multiple databases and immunohistochemistry were employed to analyze the role and molecular mechanism including the immune infiltration of KIFC1 in LIHC. Generally, KIFC1 mRNA expression was overexpressed in LIHC tissues than normal tissues, and its protein was also highly expressed in the LIHC. KIFC1 mRNA expression was correlated with tumor grade and TNM staging, which was negatively correlated with overall survival and disease-free survival. Moreover, univariable and multivariate Cox analysis revealed that upregulated KIFC1 mRNA is an independent prognostic factor for LIHC. The KIFC1 promoter methylation level was negatively associated with KIFC1 mRNA expression and advanced stages and grade in LIHC. The different methylation sites of KIFC1 had a different effect on the prognosis of LIHC. Specifically, the KIFC1 mRNA expression level showed intense correlation with tumor immunity, such as tumor-infiltrating immune cells and immune scores as well as multiple immune-related genes. Moreover, KIFC1 co-expressed with some immune checkpoints and related to the responses to immune checkpoint blockade (ICB) and chemotherapies. Significant GO analysis showed that genes correlated with KIFC1 served as catalytic activity, acting on DNA, tubulin binding, histone binding, ATPase activity, and protein serine/threonine kinase activity. KEGG pathway analysis showed that these genes related to KIFC1 are mainly enriched in signal pathways such as cell cycle, spliceosome, pyrimidine metabolism, and RNA transport. Conclusively, KIFC1 was upregulated and displayed a prognostic value in LIHC. Moreover, KIFC1 may be involved in the LIHC progression partially through immune evasion and serve as a predictor of ICB therapies and chemotherapies.
Keywords: KIFC1, liver hepatocellular carcinoma, prognosis biomarker, immune infiltration, ICB, immunotherapy
INTRODUCTION
Primary liver cancer is one of the top 10 lethal tumors worldwide. China accounts for 55% of new liver cancer cases and related deaths every year (Torre et al., 2012). Liver hepatocellular carcinoma (LIHC) accounts for approximately 90% of primary liver cancer. An early diagnosis of LIHC is difficult because of its insipid onset and inconspicuous early symptoms. In clinical practice, patients often come to the hospital for treatment and diagnosis when they have symptoms in the late stage. At this time, the 5-year survival rate of patients with advanced LIHC is less than 5% due to the loss of active treatment opportunities or high recurrence and metastasis after treatment (Ziogas and Tsoulfas, 2017). At present, the development and clinical application of various targeted drugs for LIHC such as sorafenib extend the survival of patients to a certain degree (Hu et al., 2021). However, for another part of patients with advanced LIHC, targeted drugs did not show satisfactory efficacy. The total life expectancy is less than 1 year. Hence, it is necessary to develop novel and valuable biomarkers to help us for the accurate and early diagnosis of LIHC and find effective targets to further improve the therapeutic effect of liver cancer (Huang et al., 2017).
Studies have shown that abnormal expression of kinesin family genes plays a vital role in the occurrence and development of a variety of human cancers (Li et al., 2017; Li et al., 2020a). As a motor protein, it plays an important role in intracellular transport and cell division. Kinesin family member C1 (KIFC1) is a microtubule-dependent molecular kinesin with ATP activity and participates in a variety of cellular events, such as mitosis, meiosis, and macromolecular transport. A meta-analysis showed that high expression of KIFC1 can be used as a predictor for patients with non-small cell lung cancer, ovarian cancer, breast cancer, and LIHC. In addition, high levels of KIFC1 are associated with lymphatic metastasis (Sun et al., 2019). Therefore, KIFC1 may be a rational target for tumor therapy, which is worthy of further study. Previous studies have shown that KIFC1 can facilitate the occurrence of liver cancer. The possible mechanism is that TCF-4 activates KIFC1 and then upregulates the transcriptional activity of HMGA1 (Teng et al., 2019). KIFC1 is related to worse prognosis in patients with LIHC (Li et al., 2017), and the key mechanism is that KIFC1 not only can regulate the proliferation of HCC cells, but it can also reduce the apoptosis of HCC-LM3 and SMMC-7721 cell lines. Mechanistically, the apoptosis-related protein, B-cell lymphoma-2 (Bcl-2), was downregulated, whereas Bcl-2-associated X (Bax) and p53 protein were upregulated, and the expression levels of phosphorylated phosphoinositide 3-kinase (p-PI3K) and phosphorylated AKT were decreased significantly when KIFC1 was silenced (Fu et al., 2018). In addition, KIFC1 can promote invasion and metastasis through the signal pathway involving endothelial mesenchymal transition (Han et al., 2019). This process is carried out in a microtubule-dependent manner.
Although the incidence of cancer was increased partially by multiple genetic mutations, the impact of the tumor microenvironment (TME) on tumor progression or immune response did not attract enough attention (Li et al., 2019; Zhu et al., 2021). Recently, cytokine and immune checkpoint blockade (ICB) therapy have become treatment strategies for various types of cancers (Long et al., 2017; Zhang et al., 2021). As a consequence, biomarkers that predict response in immune and stromal cells may help determine which patients will benefit most from ICB treatment. Besides the reported mechanism, the potential mechanisms about KIFC1 in the TME involved in the formation and progression of LIHC have not been elucidated; few studies have addressed the relationship between KIFC1 expression and immune cell infiltration in LIHC. Whether KIFC1 can provide guidance for immunotherapy as well as chemotherapy in LIHC has not been studied.
Therefore, multiple bioinformatics methods and clinical samples were used to comprehensively evaluate the relationship between KIFC1 expression and clinicopathological features as well as the prognosis of LIHC. In addition, the relationship between KIFC1 gene promoter methylation and prognosis were analyzed. The correlation of KIFC1 with tumor immune cell infiltration, immune checkpoints, immune-related genes, and responses to ICB and drugs was detected. The results provide novel insights on the function of KIFC1 and new goals for the diagnosis and prognosis of LIHC.
METHODS
HCCDB Database Analysis
The HCCDB database (http://lifeome.net/database/hccdb/home.html) includes the liver cancer gene expression profile data in GEO, TCGA-LIHC, and ICGC LIRI-JP (Lian et al., 2018). A total of 3,917 samples were divided into 15 data sets. We use HCCDB to analyze the KIFC1 expression difference between hepatocellular carcinoma tissues and normal liver tissues.
GEO and TCGA Analysis
Four LIHC datasets were enrolled in this study including GSE14520, GSE57957, GSE36376, and TCGA. Among the GEO datasets, GSE14520 included 217 paired non-cancerous and LIHC samples, while there are 36 paired tumor and adjacent non-cancerous liver samples in GSE57957; in addition, there are 193 normal tissues and 240 LIHC tissues in GSE36376. Likewise, the TCGA database contained 159 normal liver tissues and 371 primary liver tumor samples. In this study, we used different datasets from multiple databases to investigate the KIFC1 expression difference to make sure that the results are authentic.
Association Between DNA Methylation of KIFC1 and Prognosis of LIHC
The URL of the UALCAN database is http://ualcan.path.uab.edu, which can query and analyze the expression difference of genes between tumor and normal samples (Chandrashekar et al., 2017). We can also compare the expression differences and promoter methylation levels among different tumor subgroups and different clinical characteristics groups. In addition, it can also be used to analyze the impact of a gene on the prognosis of a tumor. We used this database to analyze KIFC1 expression and its promoter methylation levels in normal and cancerous tissues according to the individual cancer stage and grade of patients. The results are shown in the box chart. The association between the KIFC1 methylation value and expression level was assessed by the MethHC (http://methhc.mbc.nctu.edu.tw/php/index.php) tool. The MethSurv data set (https://biit.cs.ut.ee/methsurv/) was used to assess the DNA methylation and the association between KIFC1 methylation and the prognosis of LIHC.
Exploring the Association of Survival With KIFC1 in LIHC
We performed univariate and multivariate Cox regression analyses to determine the appropriate terms for building nomograms. A forest was applied to display the p-value, HR, and 95% CI for each variable by using the “forestplot” R package through R software. A nomogram was created according to the results of the multivariate Cox proportional hazards analysis to predict the total recurrence rate in 1, 3, and 5 years. The “rms” R package was used to evaluate the risk of recurrence for individual patients by the points associated with each risk factor.
We extracted survival information for each sample in TCGA. Indicators such as OS, disease-specific survival (DSS), disease-free survival (DFS), and progression-free survival (PFS) were used to elucidate the relationship between KIFC1 and the prognosis of LIHC patients. Kaplan–Meier (KM) and log-rank tests were used for the survival analysis of LIHC (p < 0.05), and survival curves were analyzed by the “survminer” and “survivor” R packages.
GEPIA Analysis
Gene Expression Profiling Interactive Analysis (GEPIA) is a newly developed interactive web server. Its website is http://gepia.cancer-pku.cn/index.html. This database provides online analysis based on data from TCGA and GTeX projects (Tang et al., 2017). In our study, we used the given TCGA expression dataset to assess the difference of KIFC1 between LIHC and normal liver tissues and to confirm the results of gene expression analysis in the HCCDB database and GEO database. In addition, we used GEPIA to analyze the prognostic significance of KIFC1 mRNA expression in LIHC and draw the survival curve with log rank p-value.
LinkedOmics Analysis
LinkedOmics is a public website on http://www.linkedomics.org/login.php, which contains 32 TCGA cancer types of multiple omics data, including federation generated from the Clinical Proteomics Tumor Analysis Consortium (Vasaikar et al., 2018). We applied this online tool to identify and analyze KIFC1 co-expression genes in hepatocellular carcinoma cohort from TCGA, which contains 371 samples. The data from Linkfinder are signed and sorted; after that, GO analyses, including molecular function (MF), biological process (BP), cellular component (CC), and KEGG analysis, are performed by the gene set enrichment analysis (GSEA) method.
Association Between KIFC1 and Immune Infiltration, Immune-Related Genes, Immune Checkpoints, and Immune Checkpoint Blockade Responses
The TIMER database is an online tool that is used to evaluate the immune infiltration of various types of cancers to explore the immunological, clinical, and genomic characteristics of cancer. Its website is https://cistrome.shinyapps.io/timer (Li et al., 2020b). The ESTIMATE algorithm was applied to calculate immune and stromal scores for each sample (Yoshihara et al., 2013). In this study, we firstly investigated the expression of KIFC1 in different cancers using TIMER. The correlation between the expression of KIFC1 and the abundance of tumor-infiltrating immune cells and the corresponding cellular genetic markers was also analyzed. The results are presented in box diagrams and tables.
We further investigated the correlation of KIFC1 with immune cell infiltration by the CIBERSORT algorithm using the R packages “ggplot2,” “ggpubr,” and “ggExtra.” In addition, co-expression analyses between KIFC1 and immune-related genes or immune checkpoints were performed using the R packages “limma,” “reshape2,” “RColorBrewer,” “ggplot2,” “pheatmap,” and “immuneeconv.” The TIDE algorithm was used to predict potential ICB responses (Zhu et al., 1950; Jiang et al., 2018).
The Human Protein Atlas Project
The Human Protein Atlas Project (HPAP) (https://www.proteinatlas.org/) is a dataset for analyzing the expression of different proteins. It contains 16,975 unique proteins from different kinds of human tissues and cells. We used it to evaluate the KIFC1 expression in protein levels in LIHC and normal liver tissues.
Clinical Tissue Samples and Data Collection
A total of 36 patients with LIHC who did not receive radiotherapy or chemotherapy before surgery (26 men and 10 women; age range, 23–73 years) were included in the present study. The LIHC tissues and their matched non-cancerous liver tissues were formalin-fixed and paraffin-embedded to compare the KIFC1 protein expression difference for validation.
Immunohistochemistry
IHC staining procedures were performed according to a standard protocol that was described in detail in our previous study (Zeng et al., 2020). The paraffin sections were placed in xylene for 15 min twice for dewaxing and rehydrated in gradient alcohol for 5 min. The sections were treated with 3% H2O2 and then antigen retrieval by a citric acid buffer (pH 6.0). Then, the sections were blocked with 5% bovine serum albumin for 20 min and incubated with a rabbit anti-human KIFC1 antibody solution (1:100; Proteintech, Manchester, United Kingdom) at 4°C overnight (16–18 h). Then sections were incubated with horseradish peroxidase-labeled polymer with secondary antibody [UltraSensitiveTM SP (Mouse/Rabbit) IHC Kit-9710; Maixin Bio, Fuzhou, China] at room temperature for 15 min each. After washing with PBS for three times, the reaction products were stained with 3,3′-diaminobenzidine and lightly counterstained with hematoxylin. The sections with PBS instead of the primary antibody served as negative control. The total staining score was used to evaluate the protein expression of KIFC1 in normal and tumor tissues. The total staining score is the multiplication of the score of staining intensity and staining range. In this study, regardless of staining intensity, the staining score was regarded as positive if the proportion of positive cells is greater than 5%.
Correlation of KIFC1 With Drug Sensitivity
We collected LIHC-related RNA sequences and clinicopathological and survival data while keeping samples with recorded clinical information from TGCA. We predicted the chemotherapeutic response for samples of cancers that had a correlation of KIFC1 with OS according to the available pharmacogenomics database [the Genomics of Drug Sensitivity in Cancer (GDSC), https://www.cancerrxgene.org/]. The prediction of the half-maximum inhibitory concentration (IC50) of the samples was achieved by ridge regression and the prediction accuracy through R package “pRRophetic.” All parameters were set by the default values with the removal of the batch effect of the “combat” and tissue type of “allSoldTumours,” and duplicate gene expression was summarized as the mean value.
Statistical Analysis
Statistical analyses were conducted using R software (version 4.0.2). The analysis results of HCCDB database showed the p-value. The analysis of KIFC1 expression in TIMER and GEO databases showed p-value. The survival curve generated by GEPIA analysis showed p-value. The difference of KIFC1 and its methylation levels in different clinical feature groups was analyzed by the UALCAN database, and the correlation of the prognosis of LIHC with KIFC1 methylation was analyzed by the MethSurv database and the p-value was given. T-test was used to estimate the significance of gene expression level between groups. Univariate and multivariate Cox regression analyses were conducted to analyze the effect of KIFC1 on the prognosis of LIHC. Forest was used to show the p-value, HR, and 95% CI of each variable. Spearman correlation analysis was used for genetic correlation, and p < 0.05 was considered statistically significant.
RESULTS
Expression of KIFC1 in LIHC
Firstly, in order to more accurately understand the expression of KIFC1 between LIHC and normal liver tissue, we used three different kinds of databases for confirmation. The data from TCGA were analyzed using the TIMER online tool. The results indicated that the mRNA expression of KIFC1 in LIHC was higher than in normal tissues (p < 0.001) (Figure 1A). Secondly, 11 LIHC cohorts from the specialized liver cancer database HCCDB were analyzed, and the same trends were obtained (Figure 1B). Thirdly, from analyzing the KIFC1 mRNA expression from GSE14520, GSE57957, GSE36376, and TCGA, it indicated that the KIFC1 mRNA expression was markedly higher in LIHC compared with its adjacent non-cancerous tissues or normal liver tissues (p < 0.001) (Figure 1C). Besides, the IHC profile from HPA database showed a higher expression in LIHC tissues (Figure 1D). Moreover, the protein expression analysis from our clinical samples with IHC also indicated that KIFC1 was located and highly expressed near the nucleus of liver cancer cells, which was statistically different from that in normal liver tissues (8/36 vs. 1/36, chi-square test, p < 0.05) (Supplementary Figure S1). However, no significant difference was observed in cytoplasm (Figure 1E).
[image: Figure 1]FIGURE 1 | The expression level of KIFC1 in LIHC from different databases. (A) KIFC1 expression levels in different tumor types in TIMER. (B) KIFC1 expression in tumor tissues and the adjacent normal tissues in HCCDB. (C) KIFC1 mRNA expression difference in LIHC and adjacent non-cancerous or normal liver tissues from GSE14520, GSE57957, GSE36376. and TCGA. (D) IHC profile of KIFC1 protein expression in normal and LIHC tissues from HPA database. (E) Typical IHC staining of KIFC1 protein expression in normal and LIHC tissues from clinical samples. The p-value was calculated using Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001.
The Expression of KIFC1 Is Associated With Patients’ Survival in LIHC
The survival data of KIFC1 expression in LIHC patients were analyzed. Kaplan–Meier survival curves were used to evaluate the relationship between the KIFC1 expression and survival outcomes. The cut-off value of the high and low KIFC1 expression group was set as the median. The results showed that patients with higher KIFC1 mRNA expression had shorter OS (p = 3.12e-05) (Figure 2A), DSS (p = 0.00001) (Figure 2B), DFS (p = 0.00121) (Figure 2C), and PFS (p = 1.14e-05) (Figure 2D). Consequently, the expression of KIFC1 mRNA in LIHC is associated with survival. The result from GEPIA is also consistent with our results (Supplementary Figure S2).
[image: Figure 2]FIGURE 2 | Association of KIFC1 expression with patient survival curve. (A) Overall survival curve. (B) Disease-specific survival. (C) Disease-free survival. (D) Progression-free survival.
Prognostic Potential of KIFC1 in LIHC
For further subgroup analysis, the correlation of KIFC1 mRNA expression with multiple clinicopathological features was performed in the UALCAN database, which includes 371 LIHC samples. It revealed that the transcription level of KIFC1 was markedly higher compared with normal liver tissue in different subgroups according to age, tumor stage, and grade (p < 0.001). Moreover, KIFC1 expression was positively related to the first three stages and grades of LIHC (Figures 3A–C), excluding stage IV and grade IV. Furthermore, univariate and multivariate Cox regression analyses illustrated that KIFC1 expression (p < 0.001) and pTNM-stage (p < 0.05) were important independent factors to the prognosis of LIHC (Figures 3D,E). We further constructed a nomogram that combined only two independent prognostic factors (including KIFC1 and pTNM-stage) to provide a quantitative guideline for clinicians to predict the probability of 1-, 3-, and 5-year OS in LIHC patients (Figure 3F). Each patient is given a total score through adding each prognostic parameter point, with a higher total score meaning a worse outcome for that patient. In addition, the calibration curves showed that the nomogram performed well in estimating 1-, 3-, and 5-year OS (Figure 3G). Therefore, KIFC1 may be a potential diagnostic marker for LIHC.
[image: Figure 3]FIGURE 3 | Univariate and multivariate analysis of prognostic factors of LIHC. (A) Relative expression of KIFC1 in subgroups of patients with LIHC based on age. (B) Relative expression of KIFC1 in subgroups of patients with LIHC based on grade. (C) Expression of KIFC1 in subgroups of LIHC patients based on stage. (D, E) Hazard ratio and p-value of constituents involved in univariate and multivariate Cox regression of the KIFC1 gene and other clinical characteristics. (F) Nomogram predicting the 1-year, 3-years and 5-year OS of LIHC patients. (G) The calibration plots for predicting patient 1-year, 3-year, and 5-year OS. *p < 0.05, **p < 0.01, ***p < 0.001.
Relationship Between KIFC1 Methylation and KIFC1 Expression, Prognosis of LIHC
DNA methylation significantly affects gene expression in cancer. MethHC analysis showed that the KIFC1 mRNA was negatively correlated with its promoter methylation level (r = −0.3, FDR = 2.5e-09) (Figure 4A). Moreover, the methylation level of the KIFC1 promoter in liver cancer is downregulated than normal and was negatively correlated with the individual cancer grade and stage of the LIHC patient (Figures 4B–D). In addition, using the MethSurv tool, we found that the LIHC patients with high methylation values of cg08709879 were associated with poor OS (p = 0.00069) (Figure 4E). The other methylation sites that had a significant association with the prognosis of LIHC were also presented in Figure 4E.
[image: Figure 4]FIGURE 4 | Association of KIFC1 methylation level and its expression in LIHC. (A) Correlation between KIFC1 methylation and its expression level. (B) The promoter methylation level of KIFC1 in LIHC and normal tissues. (C, D) The correlation between promoter methylation level of KIHC1 with different grade and tumor stages. (E) The impact of different methylation sites of KIFC1 on OS of LIHC patients analyzed by MethSurv webtool. The p-value was calculated using Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001.
Relationship Between KIFC1 and Immune Cell Infiltration in LIHC
To further explore how the KIFC1 gene affects tumor progression, TIMER was employed to analyze the correlation of KIFC1 expression with the level of immune invasion. The results indicated that KIFC1 copy number variation was related to the infiltration levels of B cells, CD8+ T cells, macrophages, neutrophils, and dendritic cells (Figure 5A). Specifically, the expression of KIFC1 was notably associated with tumor purity (r = 0.215, p = 5.37e-05) and the level of major infiltrating immune cell as B cells, CD8+ T cells, CD4+ T cells, macrophages, neutrophils, and dendritic cells (Figure 5B). In order to evaluate whether KIFC1 expression will affect the tumor immunity, the patients were divided into high and low KIFC1 expression groups, and the immune score was calculated; results indicated that KIFC1 expression was associated with immune and stromal scores (Figures 5C–E). We further used the CIBERSORT algorithm to investigate the tumor-infiltrating immune cells, we found that the expression of KIFC1 was negatively correlated with the infiltration of naïve B cells, M2 macrophages, resting mast cells, resting natural killer (NK) cells, and resting memory CD4+ T cells (Figure 5F). However, the results indicated that KIFC1 expression was positively associated with the infiltration of resting dendritic cells, M0 macrophages, follicular helper T cells, activated memory CD4+ T cells, and regulatory T cells (Figure 5F). In addition, we discovered that in immune cells, KIFC1 was highly expressed in Tregs (Figure 5G). The variation in transcript expression was correlated to the cell cycle. The KIFC1 RNA expression peak phase was G2 (Figure 5H), indicating that KIFC1 had a role in the cell cycle profile. This suggests that KIFC1 plays a critical role in regulating immune cell infiltration in LIHC.
[image: Figure 5]FIGURE 5 | KIFC1 expression was associated with immune infiltration level in LIHC. (A) The immune infiltration cells in LIHC. (B) KIFC1 expression level is related to the degree of immune infiltration in LIHC from TIMER. Correlation of KIFC1 with immune (C), stromal (D), and estimate (E) scores. (F) Association between LIFC1 and immune infiltration levels analyzed by CIBERSORT algorithm. The p-value was calculated using Student’s t-test. *p < 0.05, **p < 0.01, ***p < 0.001. (G) Different mRNA expression levels of KIFC1 in immune cells. (H) Association between KIFC1 expression and cell cycle.
Correlation Analysis Between KIFC1 Expression and Immune Cell Markers, Immune-Related Genes
In order to further confirm the correlation of KIFC1 with immune-infiltrating cells, we focus next on the relationship between KIFC1 and various immune cell marker genes. In addition to the six types of immune cells as shown in Figure 5, it is worth mentioning that T cells with various functions are also included, such as Th1 cells, Th2 cells, Tfh cells, Th17 cells, Tregs, and depleted T cells. It indicated that KIFC1 expression was notably related to the immune markers of most immune T cells in LIHC, especially with Th1, Th2, Treg, and T-cell exhaustion markers (Table 1). Interestingly, we found no correlation between KIFC1 and the M2 macrophage marker and Th17 marker in LIHC. Thus, we could further confirm the specific association with immune infiltrating cells in the LIHC microenvironment.
TABLE 1 | Correlation between KIFC1 and immune cell markers for LIHC.
[image: Table 1]We further assessed the co-expression of KIFC1 with MHC, immunosuppressive, immune activation, chemokine, and chemokine receptor genes. The results demonstrated that KIFC1 was co-expressed with several MHC genes, especially TAP1 (Figure 6A). KIFC1 was positively co-expressed with almost all immunosuppressive genes except KIR2DL1, KDR, CSF1R, and CD160 (Figure 6B). KIFC1 also had a significant correlation with immune activation genes, particularly MICB and CD276 (Figure 6C). For chemokine and chemokine receptor genes, KIFC1 had a high correlation with XCL1 and CCR10 (Figures 6D,E).
[image: Figure 6]FIGURE 6 | Co-expression of KIFC1 with (A) MHC, (B) immunosuppressive, (C) immune activation, (D) chemokine, and (E) chemokine receptor genes. (F, G) Different expressions of immune checkpoints in LIHC and normal patients. (H) Different responses to ICB therapy in low and high KIFC1 expressions. (I–K) Correlations between KIFC1 and the IC50 of chemotherapy drugs. *p < 0.05, **p < 0.01, ***p < 0.001.
Correlation of KIFC1 With the Sensitivity of ICB and Chemotherapies
We further predicted the association between KIFC1 expression and ICB response. Firstly, we evaluated the expression of immune checkpoints (including SIGLEC15, PDCD1, CTLA4, TIGIT, PDCD1LG2, CD274, HAVCR2, and LAG3) in LIHC and normal tissues. We found that these immune checkpoints, except CD274, were all highly expressed in LIHC (Figures 6F,G). Moreover, we found that KIFC1 was positively co-expressed with these immune checkpoints, except SIGLEC15 (Table 2). Additionally, LIHC patients with high KIFC1 expression had a high TIDE score, indicating that these patients may had a better response to ICB therapy (Figure 6H). We also assessed the relationship between KIFC1 and the chemotherapeutic drug that is usually used in LIHC, we found that KIFC1 was negatively related to the IC50 of doxorubicin, sorafenib, and cisplatin (Figures 6I–K). KIFC1 may be a predictor of ICB and chemotherapies.
TABLE 2 | Correlation of KIFC1 with immune checkpoints in LIHC.
[image: Table 2]Enrichment Analysis of KIFC1 Neighborhood Genes in LIHC
In order to study the functional network of KIFC1 neighborhood genes in LIHC, we first identified KIFC1 neighborhood genes with LinkedOmics. The results are shown in a volcanic plot (Figure 7A). In addition, the top 50 negatively and positively significant related genes were shown in the heat map, respectively (Figures 7B,C). Significant GO term analysis by GSEA indicated that genes correlated with KIFC1 were located mainly in the chromosomal region, microtubule, protein–DNA complex, nuclear chromatin, and spliceosome complex, where they were involved in chromosome segregation, mitotic cell cycle phase transition, the regulation of chromosome organization, and DNA recombination. These related genes also served as catalytic activity, acting on DNA, tubulin binding, histone binding, ATPase activity, and protein serine/threonine kinase activity (Figures 8A–C). KEGG pathway analysis demonstrated that these genes related to KIFC1 were mainly enriched in signal pathways such as cell cycle, spliceosome, pyrimidine metabolism, and RNA transport (Figure 8D).
[image: Figure 7]FIGURE 7 | Genes differentially expressed in association with KIFC1 in LIHC. (A) Volcano plot. (B, C) Heat maps of the top 50 genes positively and negatively correlated with KIFC1.
[image: Figure 8]FIGURE 8 | Enrichment analysis of the genes altered in the KIFC1 neighborhood in LIHC. (A) Biological processes. (B) Cellular components. (C) Molecular functions. (D) KEGG pathway analysis.
DISCUSSION
Due to the characteristics of delayed diagnosis and high recurrence of liver cancer, there are still some patients in clinic with unsatisfactory treatment effect and poor prognosis; therefore, it is important to explore novel genes related to the occurrence and development of LIHC and find markers with higher specificity and sensitivity, especially the other molecular mechanism targets such as immune infiltration, to improve the therapy of LIHC. This study aims to explore the diagnostic value of KIFC1 gene in LIHC and its influence on tumor immune invasion. As a member of the kinesin superfamily, the main function of KIFC1 is to act as a motor protein affecting microtubule dynamics and function, including spindle formation and the regulation of centrosome amplification (Xiao et al., 2017). The overexpression of KIFC1 has been reported to lead to the formation of monopolar spindles in tumor cells. This promotes the process of the division and proliferation of tumor cells (Mittal et al., 2016). Several studies have verified that KIFC1 expression is related with poor prognosis in multiple tumors, such as non-small cell lung cancer, renal cell carcinoma, and breast cancer, and it does happen primarily by affecting the proliferation of tumor cells (Liu et al., 2016; Li et al., 2018). Taken together, we can infer that KIFC1 may be involved in tumor formation and development by further affecting cell proliferation through its effect on microtubules.
In our study, we found that KIFC1 was differentially expressed in various types of cancers compared with its corresponding normal tissues such as BLCA, BRCA, CHOL, COAD, ESCA, LIHC, LUAD, LUSC, PRAD, READ, STAD, THCA, UCEC, HNSC, KIRC, and KIRP. Then, KIFC1 expression was further validated in liver cancer, and it indicated that patients with higher KIFC1 expression had worse prognosis. An IHC analysis of tissues from the HPA database and clinical samples indicated that there was a higher expression of KIFC1 protein in LIHC tissues than in normal tissues. Additionally, we also found that KIFC1 gene expression was correlated with tumor stage and clinical grade. In addition, patients with high expression of KIFC1 have a worse prognosis. Furthermore, univariate and multivariate Cox regression analyses revealed that KIFC1 expression was an independent prognosis factor of LIHC. Therefore, KIFC1 has a potential diagnostic value in LIHC. Interestingly, in this study, KIFC1 protein was highly expressed in the nucleus of LIHC cells; however, there was no significant difference in the cytoplasm between LIHC and normal liver tissues. It was found in a previous study that KIFC1 plays a potential function in nuclear formation and the nuclear localization sequence on N-terminal domain, which is critical for the translocation of KIFC1 into the nucleus (Wei et al., 2019) as it reported that KIFC1 showed specific transport characteristics during the cell cycle, which is involved in regulating DNA synthesis in S phase and chromatin maintenance in mitosis (Wei and Yang, 2019). These all indicated that KIFC1 may play its function by transporting into the nucleus. In addition, it is consistent with a previous study that high expression of KIFC1 in the nucleus was correlated with worse OS, which could serve as an independent biomarker for African-American triple-negative breast cancer (Ogden et al., 2017). In our study, the differential expression of KIFC1 also mainly exists in the nucleus instead of cytoplasm, and the higher expression in the nucleus contributed to the progression of LIHC.
It has been reported that abnormal DNA molecular changes are the initiator of tumors, which appear in the early stage of tumors and accompany with the whole process of tumor development and are closely related to the prognosis of tumors (Cabel et al., 2017). DNA methylation, copy number variation, gene mutation, and microsatellite sequence changes are all important components of tumor epigenetics. However, DNA methylation is more prevalent in almost all tumors than the latter three, which can directly regulate gene expression (Schübeler, 2015). Therefore, the relationship between methylation and the prognosis of liver cancer can be explored. Abnormal methylated genes may serve as markers for the early diagnosis and prognostic evaluation of LIHC (Liu et al., 2020a). In this study, we used UALCAN to analyze the promoter methylation of the KIFC1 gene in liver cancer and its relationship with clinical characteristics. The results showed that KIFC1 was hypomethylated in LIHC tissues regardless of stage. Although KIFC1 methylation was not significantly different among different stages or grades, it showed a gradual decreasing trend with the increase of stages. This result partly explains that the increased expression of KIFC1 is regulated by methylation. Likewise, it was found in a previous study that targeted genes NEFH and SMPD3 were hypermethylated in paired LIHC samples than in the normal samples, which were lower expressed in LIHC samples; thereby, they could serve as tumor suppressor genes in LIHC (Revill et al., 2013). Similarly, it was reported that NAT1 mRNA was reduced in colorectal carcinoma compared with normal tissues, while the methylation of the promoter region of NAT1 was higher in colorectal carcinoma than that in normal tissues (Shi et al., 2019). We also found that the different methylation sites of the KIFC1 gene had a different effect on the prognosis of LIHC patients as shown in Figure 4E. These all suggested that DNA methylation affects the expression of targeted genes and then affects the tumor cell behavior.
Next, we analyzed the KIFC1-related pathway in LIHC to understand its carcinogenic mechanism. Based on GO and KEGG analyses, we observed that the functional network of KIFC1 in LIHC was related to the chromosome segregation, mitotic cell cycle phase transition, the regulation of chromosome organization, and DNA recombination. They also served as catalytic activity, acting on DNA, tubulin binding, histone binding, ATPase activity, and protein serine/threonine kinase activity. KEGG pathway analysis indicated that KIFC1-related genes were enriched in cell cycle, spliceosome, pyrimidine metabolism, and RNA transport. All these results suggested that KIFC1 regulates cell cycle by affecting mitosis, mainly by affecting chromatin tissue regulation and tubulin binding. It is consistent with previous studies that KIFC1 can affect microtubules (Ma et al., 2017).
To further evaluate the potential immune mechanisms of KIFC1 in LIHC, we secondly analyzed KIFC1-related immune infiltration levels. The results demonstrate that the KIFC1 expression level is strongly positive correlated with the infiltration level of B cells, CD8+ T cells, macrophages, neutrophils, and dendritic cells in LIHC. In addition, the expression of KIFC1 was negatively correlated with the infiltration of naïve B cells, M2 macrophages, resting mast cells, resting NK cells, and resting memory CD4+ T cells but positively correlated with the infiltration of resting dendritic cells, M0 macrophages, activated memory CD4+ T cells, follicular helper T cells, and regulatory T cells. After analyzing the correlation between KIFC1 expression and immune cell marker genes, the results revealed that the function of KIFC1 in regulating different immune infiltrating cells is different. Likewise, immune score evaluation indicated that KIFC1 expression was significantly correlated with immune and stromal score, which suggested that KIFC1 level was linked to the level of immune infiltration.
Studies have shown that T-cell infiltration in tumor tissue as a protective factor can inhibit tumor invasion and metastasis. Patients with higher levels of T-cell infiltration often have a better prognosis (Oh et al., 2020; van der Leun et al., 2020). In this study, there was a positive correlation between KIFC1 and T-cell marker genes (CD3D and CD3E). Hence, we hypothesized that patients with high KIFC1 expression may have a better prognosis, but the opposite was true. Firstly, it is known that tumor-associated macrophages (TAMs) are the most plentiful immune cells in TME. CD68 is the most reliable marker of macrophages, and IRF5 of M1 macrophages, both of which are positively correlated with KIFC1. This indicates that KIFC1 may play a part in regulating the polarization of TAM. Researchers have found that TAM can promote tumor cells’ growth and metastasis through a variety of pathways (Batoon and McCauley, 2021; Kong et al., 2021). This could partly explain why KIFC1 can promote LIHC progress. Secondly, it is well known that Treg cells can inhibit the function of T cells and are an important factor in maintaining the immune tolerance of the body. However, in tumors, Treg cells become accomplices of cancer cells to help them escape the immune surveillance of the body, leading to tumor progression and metastasis (Liu et al., 2020b). Moreover, in immune cells, the mRNA expression of LIFC1 was the highest in Tregs. FOXP3, CCR8, STAT5b, and TGFB1 are genetic markers of Treg cells. T-cell depletion is the main factor that causes the immune dysfunction in tumor patients, of which, tumor cells and TME can induce the expression of PD1 on activated T cells and activate relevant signaling pathways, leading to T-cell depletion (Wang et al., 2020). PD-1, CTLA4, LAG3, HAVCR2, and GZMB are T-cell depletion markers, and all of these marker genes are positively correlated with KIFC1 expression in LIHC in this study. Thus, the high expression of KIFC1 may be a factor involved in the T-cell depletion process. This is the second reason why KIFC1 promotes LIHC progression through the immune pathway. Most importantly, we investigated the correlation of KIFC1 and immune checkpoints, including SIGLEC15, TIGIT, CTLA4, CD274, HAVCR2, LAG3, PDCD1, and PDCD1LG2, which were associated with the response to ICB (Marwitz et al., 2017; Nebhan and Johnson, 2020). These immune checkpoints except CD274 were all highly expressed in LIHC. Moreover, we found that KIFC1 was positively co-expressed with these immune checkpoints, except SIGLEC15. As high expression of immune checkpoints was associated with T-cell exhaustion and worse prognosis, this also partly explained the cancer-promoting effect of KIFC1. Additionally, LIHC patients with high KIFC1 expression may had a better response to ICB therapy, indicating that LIHC patients with high KIFC1 expression were more suitable for ICB therapy. Interestingly, KIFC1 was negatively related to the IC50 of doxorubicin, sorafenib, and cisplatin. These results indicated that KIFC1 may be a predictor of ICB and chemotherapeutics; for example, LIHC patients with high KIFC1 expression may have a better response to ICB, doxorubicin, sorafenib, and cisplatin therapy. These findings provided new ideas for the precise treatment of LIHC patients.
Taken together, the effect of KIFC1 on immune cell infiltration has both positive and negative effects on tumor patients. The inhibitory and promotive effects on the tumor are coexisting. The negative side accounts for a greater proportion and therefore appears to promote tumor progression. The limitation is that we do not yet understand the mechanism involved in this process by which KIFC1 influences immune cell infiltration. However, it is clear that KIFC1 is involved in the recruitment and regulation of immune infiltrating cell in LIHC. In this study, our study differs from previous literature in that we found the differential expression of KIFC1 in the location of nucleus that contributes to the occurrence and development of LIHC, and hypomethylation may explain the higher expression of KIFC1 in LIHC. Most importantly, KIFC1 expression may affect the immune microenvironment and then indirectly affects the prognosis of LIHC and serves as a predictor of ICB therapies and chemotherapeutics. However, the limitation of this study is that a large number of samples were needed to verify our results, and more clinical samples will be collected to enrich the data in the future. Moreover, the underlying immune mechanisms should be explored and KIFC1 as biomarkers to predict the immune response rate in real-world LIHC patients should be conducted.
CONCLUSION
Conclusively, the increased expression of KIFC1 in LIHC was associated with increased levels of different immune cells infiltration level with a worse prognosis. The lower level of promoter methylation may be the reason for the increased expression of the KIFC1 gene in LIHC cells. KIFC1 alters the clinical outcomes of patients with LIHC by affecting immune cells in the TME, and it may be used as an independent predictor of ICB therapies and chemotherapeutics.
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The features and significance of somatic mutation profiles in hepatocellular carcinoma (HCC) have not been completely elucidated to date. In this study, 39 tumor specimens from HCC patients were collected for gene variation analysis by next-generation sequencing (NGS), and a correlation analysis between mutated genes and clinical characteristics was also conducted. The results were compared with genome data from cBioPortal database. Our study found that T > G/A > C transversions (Tv) and C > T/G > A transitions (Ti) were dominant. The sequence variations of TP53, MUC16, MUC12, MUC4 and others, and the copy number variations (CNVs) of FGF3, TERT, and SOX2 were found to be more frequent in our cohort than in cBioPortal datasets, and they were highly enriched in pathways in cancer and participated in complex biological regulatory processes. The TP53 mutation was the key mutation (76.9%, 30/39), and the most common amino acid alteration and mutation types were p.R249S (23.5%) and missense mutation (82.3%) in the TP53 variation. Furthermore, TP53 had more co-mutations with MUC17, NBPF10, and AHNAK2. However, there were no significant differences in clinical characteristics between HCC patients with mutant TP53 and wild-type TP53, and the overall survival rate between treatment via precision medication guided by NGS and that via empirical medication (logrank p = 0.181). Therefore, the role of NGS in the guidance of personalized targeted therapy, solely based on NGS, may be limited. Multi-center, large sample, prospective studies are needed to further verify these results.
Keywords: hepatocellular carcinoma, next generation sequencing, TP53, targeted therapy, SNV, CNV, INDEL
INTRODUCTION
Hepatocellular carcinoma (HCC) is now the fourth most common cause of cancer-related deaths worldwide. Approximately 78,000 patients died from HCC in 2018 (Bray et al., 2018; Forner et al., 2018). Recent next-generation sequencing (NGS)-based studies have uncovered the genetic landscape of HCC (Totoki et al., 2014; Schulze et al., 2015; Cancer Genome Atlas Research, 2017), including driver mutations in TP53, CTNNB1, TERT promoter, and other key gene loci. However, how genetic alterations drive the occurrence and development of HCC remains largely unknown.
As a high-throughput sequencing technique, NGS can perform multiple typological analyses on thousands of genes. The main purpose of NGS is to find the main driver gene in patients with advanced cancer and carry out targeted therapy, as well as to try to discover the molecular mutation target of drug resistance (Deng et al., 2019). An increasing number of clinical studies have shown that the analysis of comprehensive characterization of genome changes has clinical benefits for cancer patients (Takeda et al., 2015; Staaf et al., 2019). However, there are still many unknown pathogenic variants waiting to be discovered. Identification of these alterations in cancer patients is the first step toward providing therapeutic targets.
Herein, we characterized differences of the genomic profiles between HCC patients in our cohort and HCC patients in the cBio Cancer Genomics Portal (cBioPortal, http://cBioPortal.org) database using six datasets (MSK, Clin Cancer Res 2018; INSERM, Nat Genet 2015; MSK, PLOS One 2018; AMC, Hepatology 2014; RIKEN, Nat Genet 2012; TCGA, Firehose Legacy) (Gao et al., 2013). We also explored the correlations between high-frequency mutated genes and clinical characteristics of patients, and compared the efficacy between precision medication guided by NGS and empirical medication.
METHODS
Patients and Tissue Acquisition
A total of 39 HCC samples were collected for targeted panel or whole-exome sequencing between 2014 and 2019 at the First Affiliated Hospital of Sun Yat-sen University. After obtaining the approval of the Ethics Committee, written informed consent was obtained from all patients. The study inclusion criteria were as follows: 1) age at diagnosis was more than 18 years; 2) HCC samples were confirmed by pathological diagnosis; 3) patients underwent hepatectomy as treatment. The exclusion criteria included the following: 1) patients having other types of malignant tumors in addition to HCC; 2) severe organ damage, autoimmune diseases, and mental illness. In addition, patients were grouped according to the Barcelona Clinic Liver Cancer (BCLC) staging system (Forner et al., 2018). Tumor pathological grade was based on the Edmondson-Steiner Grading System (Edmondson and Steiner, 1954).
Tumor samples were collected immediately following surgical resection, and then stored in pre-cold RPMI-1640 medium with 5% FBS and 1 × Penicillin/Streptomycin, or in Histidine-Tryptophan-Ketoglutarate tissue preservation solution if the estimated shipping time was longer than 1 h. Formalin-fixed paraffin-embedded (FFPE) sections of surgical tumor samples were also sent for analysis when fresh tumor samples were unavailable. Samples were anonymized for further analysis.
After discharge, patients were seen in the clinic monthly for the first 6 months, and then every 3 months, as described in our previous study (Ke et al., 2020). Telephonic follow-up was also conducted every 6 months. The diagnosis of tumor recurrence was made based on clinical examination, laboratory data, and radiological examinations (such as MRI, CT, and positron emission tomography [PET] scan).
Targeted Panel Sequencing, Whole-Exome Sequencing and cBioPortal Database Analysis
The panel of targeted deep sequencing comprised 4,557 exons of 365 tumor-associated genes, and 45 introns from 25 genes where frequent gene fusions could be captured in cancer (Supplementary Figure S1). All targeted panel sequencing assays were performed at the 3D Med Clinical Laboratory Co., Ltd. (Shanghai). The detailed method used to perform targeted deep sequencing has been described elsewhere (Feng et al., 2020). All whole-exome sequencing assays were performed at the GenomiCare Medical Laboratory Co., Ltd. (Shanghai). The process of whole-exome sequencing included the following: 1) exome capture, library construction, and sequencing; 2) sequence mapping and somatic variant detection; and 3) detection of copy-number alterations, which have been described in detail elsewhere (Tan et al., 2016; Yang et al., 2019).
We further used the online analysis tool of the cBioPortal database to explore the differences of mutation profiles between our cohort and cBioPortal datasets. The correlations between the high-frequency mutation gene and clinical characteristics were also analyzed.
Statistical Analysis
Statistical analyses for clinical data and mutation profiles were performed using SPSS Statistical software, version 25.0 (IBM, Chicago, Illinois, United States) and Excel 2019. Unordered categorical variables were analyzed by Fisher’s exact or Chi-Square test, and ordinal or continuous variables were analyzed by non-parametric Mann–Whitney U test. Correlations were analyzed to identify clinical characteristics related to mutation profiles. Mutation frequency of gene = the number of patients with gene mutation/total number of patients ×100%. Overall survival (OS) was defined as the time from the date of surgery until death or last follow-up, and disease-free survival (DFS) was defined as the time from the date of surgery to initial tumor recurrence, metastasis, or death. The last follow-up was conducted in August 2021. The survival analysis was conducted using the Kaplan–Meier method and compared via log-rank test. A two-sided value of p < 0.05 was considered to be statistically significant.
RESULTS
Clinical Characteristics of Patients
In the present study, we enrolled 39 HCC patients with a median age of 47 years (range, 26–70 years) at diagnosis from May 2014 to December 2019 for targeted panel or whole exome sequencing. These patients consisted of 36 males and 3 females; 5 patients had cirrhosis and 29 were HBsAg positive. There were 24 patients (61.5%), 6 patients (15.4%), 8 patients (20.5%), and 1 patient (2.6%) with Edmondson-Steiner grade II, II-II, III, and IV, respectively. Tumor extrahepatic metastasis occurred in seven patients (17.9%, 7/39). According to BCLC staging system, the number of stage A, B, and C patients was 16 (41.0%), 9 (23.1%), and 14 (35.9%), respectively. Portal vein tumor thrombus (PVTT) and microvascular invasion (MVI) were observed in 13 (33.3%) and 17 (43.6%) patients, respectively. The clinical characteristics of HCC patients are shown in Table 1. Detailed information is shown in Supplementary Table S1.
TABLE 1 | The clinical characteristics of HCC patients.
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Mutation Identification of Targeted Panel Sequencing
In all, 17 patients underwent targeted sequencing and 117 somatic mutations were identified. Of these, 62.4% (73/117) were single nucleotide variants (SNVs), 32.5% (38/117) were copy number variants (CNVs), and 5.1% (6/117) were insertions/deletion variants (INDELs). Among SNVs, 87.7% (64/73) were missense mutations, 8.2% (6/73) were nonsense mutations, and 4.1% (3/73) were intron variants. With regard to mutation taster prediction, 56 gene variants (47.9%) were deleterious and 61 (52.1%) were unknown (Supplementary Table S2). The commonly mutated genes were TP53 (12.0%, 14/117), TSC2 (1.7%, 2/117), RB1 (1.7%, 2/117), EGF (1.7%, 2/117), CTNNB1 (1.7%, 2/117), BRCA2 (1.7%, 2/117), NTRK3 (1.7%, 2/117), LRP1B (1.7%, 2/117), AXIN1 (1.7%, 2/117), IRS2 (1.7%, 2/117), MCL1 (1.7%, 2/117), and MYC (1.7%, 2/117) (Table 2).
TABLE 2 | Summary of frequent gene variation in HCC detected by targeted sequencing.
[image: Table 2]Somatic Mutations Profiles in HCC Determined via Whole-Exome Sequencing
In all, 22 patients underwent whole-exome sequencing. We mapped the sequence reads to the human reference genome and identified a total of 3,383 somatic SNVs, 468 INDELs, and 31 CNVs (Supplementary Table S3). There were a median of 6.42 (range: 3.03–9.10) somatic mutations per mega-base pair (Mb), 0.085% microsatellite instability (MSI) (range: 0.00–33.00%), 1.4% CNV (range: 0.16–19.56%), and 19.37% objective response rate (ORR) (range: 11.27–23.15%) of immunotherapy expectation (Supplementary Table S4).
T > G/A > C transversion (Tv) and C > T/G > A transition (Ti) patterns were dominant, C > A/G > T Tv and T > C/A > G Ti were moderate, and the proportion of T > A/A > T Tv and C > G/G > C Tv was the lowest in 22 HCC patients (Figure 1A). In addition, a relatively high ratio of Ti/Tv (median: 0.67; range: 0.24–1.35) was found (Figure 1B). With regard to INDELs, 67.9% (318/468) deletions, 20.3% (95/468) frameshift insertions, and 11.8% (55/468) duplications were observed (Figure 1C).
[image: Figure 1]FIGURE 1 | Genomic alterations in 22 HCC patients by whole-exome sequencing. (A) Distribution of six substitution patterns. (B) The ratio of transition to transversion (Ti/Tv). (C) The number of different types of INDELs.
In total, 30 genes, including TP53 (77.3%, 17/22), MUC16 (50.0%, 11/22), MUC12 (45.5%, 10/22), MUC4 (45.5%, 10/22), ALPP (36.4%, 8/22), MUC17 (36.4%, 8/22), FRG1 (27.3%, 6/22), MUC3A (27.3%, 6/22), MUC5B (27.3%, 6/22), TPSAB1 (27.3%, 6/22), TTN (27.3%, 6/22), BIRC5 (27.3%, 6/22), MUC6 (27.3%, 6/22), C11orf80 (22.7%, 5/22), OR8U1 (22.7%, 5/22), TDG (22.7%, 5/22), ZNF701 (22.7%, 5/22), AHNAK2 (22.7%, 5/22), BCLAF1 (22.7%, 5/22), PAK2 (22.7%, 5/22), POU4F1 (22.7%, 5/22), DNHD1 (22.7%, 5/22), CYB561D1 (22.7%, 5/22), TAS2R30 (22.7%, 5/22), TNRC6B (22.7%, 5/22), HMCN1 (22.7%, 5/22), HRCT1 (22.7%, 5/22), PRKCSH (22.7%, 5/22), NBPF10 (22.7%, 5/22) and BCAS4 (22.7%, 5/22), were found to be mutated in at least 20% (5/22) HCC patients by whole-exome sequencing (Figure 2A) and details regarding the top four genes are listed in Supplementary Table S5. We also identified 27 amplified segments, which harbored several known oncogenes such as FGF3, SOX2, and TERT, etc. (Figure 2B); and four lost segments, which harbored tumor suppressors including BRCA1, BRCA2, APC, and B2M (Supplementary Table S4).
[image: Figure 2]FIGURE 2 | Genes of high-frequency sequence variants (A) and CNV (B) detected by whole-exome sequencing.
To understand the biological characteristics of the mutated genes, we performed enrichment analysis, which included Gene Ontology (GO) function and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis. KEGG items revealed that mutated genes were highly enriched in multiple cancer pathways (Figure 3A). With regard to HCC, the cancer we focused on, its enrichment ratio was 11.59% (q = 0.002). GO items demonstrated that mutated genes were mainly involved in glycoprotein metabolic and biosynthetic processes in biological processes (Figure 3B); extracellular matrix and Golgi lumen in cellular components (Figure 3C); and extracellular matrix structural constituents and phosphatase binding in molecular functions (Figure 3D). Figure 3E shows that some variant genes were related to complex cancer pathways. These genes were mainly involved in the JAK/STAT, PT3K/AKT, WNT, and MAPK/ERK pathways, and could influence each other (e.g., in terms of activation, inhibition, and phosphorylation), which could lead to cell evading apoptosis, cell proliferation, sustained angiogenesis, etc. and in turn affect the occurrence and development of cancers.
[image: Figure 3]FIGURE 3 | The significantly enriched GO annotations and the KEGG pathways of somatic cell variants in HCC cases. (A) KEGG pathway analysis; (B) biological processes; (C) cellular components; (D) molecular functions; (E) KEGG pathway annotations of the cancer related pathway, with red lettering denoting SNVs and blue lettering denoting CNVs. The number represents the frequency of variations.
Variant Types of Key Mutations and Recommendations of Precision Medicine
By targeted panel and whole-exome sequencing, we identified 3,999 somatic variations among 86.4% (3,456/3,999) SNVs, 11.9% (474/3,999) INDELs, and 1.7% (69/3,999) CNVs in 39 HCC patients. It was worth noting that the variation rate of TP53 was the highest by both targeted and whole-exome sequencing (76.5%, 13/17 and 77.3%, 17/22, respectively). The mutation types and mutation taster prediction of TP53 are listed in Table 3. p.R249S was the most common amino acid alteration (23.5%), and 82.3% (28/34) of TP53 variations were missense mutations. Except for p.R174W in case 6, all remaining TP53 variations were deleterious. Furthermore, TP53 was frequently mutated with MUC17 (15.4%, 6/39), NBPF10 (12.8%, 5/39), and AHNAK2 (12.8%, 5/39).
TABLE 3 | The variant types and mutation taster prediction of TP53.
[image: Table 3]According to the data obtained from targeted panel and whole-exome sequencing reports, 59.0% (23/39) patients had at least one clinically actionable somatic mutation for which clinical treatments could be prescribed using precision medicine (Supplementary Tables S2, S4).
The Differences of Genomic Profiles Compared With cBioPortal Datasets
Because 30 mutated genes and 3 amplified genes variated in at least 20% HCC patients, we further used cBioPortal database to explore the differences between our cohort and other cohorts. Mutated and amplified genes mentioned above were found in 594 cases and 71 cases, respectively. The common gene variation frequencies were as follows: TP53 (29%), TTN (23%), MUC16 (14%), HMCN1 (7%), MUC4 (6%), and AHNAK2 (5%). The gene variation frequencies for all other genes were less than 5% (Supplementary Figure S2). We found that except for TTN (15% vs. 23%), the mutation frequencies of most commonly mutated genes in our cohort all higher than those in cBioPortal: TP53 (77.3% vs. 29.0%), MUC16 (50.0% vs. 14.0%), MUC12 (45.5% vs. 1.8%), MUC4 (45.5% vs. 6.0%), ALPP (36.4% vs. 0.7%), MUC17 (36.4% vs. 4.0%), FRG1 (27.3% vs. 0.3%), MUC3A (27.3% vs. 0.1%), MUC5B (27.3% vs. 3.0%), TPSAB1 (27.3%, 0.2%), BIRC5 (27.3% vs. 0.1%), MUC6 (27.3% vs. 1.9%), C11orf80 (22.7% vs. 0.3%), OR8U1 (22.7% vs. 0.3%), TDG (22.7% vs. 0.6%), ZNF701 (22.7% vs. 0.7%), AHNAK2 (22.7% vs. 5%), BCLAF1 (22.7% vs. 2.1%), PAK2 (22.7% vs. 0.6%), POU4F1 (22.7% vs. 0.6%), DNHD1 (22.7% vs. 2.4%), CYB561D1 (22.7% vs. 0.1%), TAS2R30 (22.7% vs. 0.3%), TNRC6B (22.7% vs. 1.4%), HMCN1 (22.7% vs. 7%), HRCT1 (22.7% vs. 0.1%), PRKCSH (22.7% vs. 0.5%), NBPF10 (22.7% vs. 2.2%) and BCAS4 (22.7% vs. 0.1%). As for CNVs, the FGF3 amplification rate of 15.4% (6/39), TERT amplification rate of 12.8% (5/39), and SOX2 amplification rate of 12.8% (5/39) in our cohort (Figure 2B) were also significantly higher than those found in the cBioPortal datasets (5.0, 4.0, and 1.1%, respectively, Supplementary Figure S3).
We further used cBioPortal to analyze the variated types of top 4 mutated genes in our cohort. We found 209 missense mutations, 93 truncating mutations, and 5 in-frame mutations in TP53; 136 missense mutations, 15 truncating mutations, and 1 in-frame mutation in MUC16; 15 missense mutations and 2 truncating mutations in MUC12; and 50 missense mutations, 2 truncating mutations, and 2 in-frame mutations in MUC4 (Supplementary Figure S4, Supplementary Table S6). This was similar to our results shown in Supplementary Table S5 indicating that the top 4 mutated genes were dominated by missense and truncating mutations.
Correlation Analyses Between Gene Mutation and Clinical Characteristics
We used cBioPortal HCC cohorts to analyze the correlations between TP53 mutation and clinical characteristics (Supplementary Table S7) and found that only neoplasm histologic grade (q = 0.008) and race category (q = 0.003) had a significant association with TP53 mutation. With regard to OS and DFS, the survival differences between the TP53 mutation group and the wild-type group were significant in the cBioPortal dataset (OS: logrank p = 0.018; DFS: logrank p = 0.005) (Supplementary Figure S5). However, the results were different from our study which showed that there were no significant differences in survival outcomes (OS, logrank p = 0.084; DFS, logrank p = 0.201) as well as other clinical characteristics between the TP53 mutation group and the wild-type group. Cirrhosis tended to occur in FGF3 and MUC4 mutation groups (p = 0.019 and 0.011, respectively) (Table 4).
TABLE 4 | Correlations among FGF3 mutation, MUC4 mutation and cirrhosis.
[image: Table 4]No significant statistical differences were observed between precision medication guided by NGS and empirical medication (logrank p = 0.181), especially between targeted therapy based on recommended drugs and clinical experience (logrank p = 0.376) (Figure 4). However, immunotherapy combined with targeted therapy seemed to result in a longer OS rate, even if there was no statistical difference.
[image: Figure 4]FIGURE 4 | Comparisons of OS rates in different treatment groups.
DISCUSSION
In this study, we used NGS to detect multi-gene variations in HCC patients, analyzed the correlations with clinical characteristics, and compared our findings with those of the cBioPortal database.
First, we described the overall situation of somatic mutations. C > A/G > T Tv and T > C/A > G Ti were moderate in our study, and were shared by other HCC cohorts (Totoki et al., 2014; Schulze et al., 2015; Fujimoto et al., 2016). T > G/A > C Tv and C> T/G > A Ti patterns were dominant, but the proportion of T > A/A > T Tv and C > G/G > C Tv was the lowest, implying that T > G/A > C Tv and C > T/G > A Ti may have contributed to hypermutations in our cohort, but these results were different from two previous studies (where T > A/A > T Tv was dominant) (Gao et al., 2019; Zhou et al., 2019) and the Cancer Genome Atlas (TCGA) dataset (where T > G/A > C Tv showed the lowest occurrence) (Supplementary Figure S6), which may be the reason of the complexity of the genome, individual differences and small sample size. In addition, a relatively high ratio of Ti/Tv was found, in agreement with the results of previous HCC sequencing studies (Guichard et al., 2012; Huang et al., 2012) and other cancers studies (Moore et al., 2003; Hainaut and Pfeifer, 2016). Therefore, a high ratio of Ti/Tv in our study may have contributed to the biochemical structure of nucleotides and the chemical characteristics of complementary base pairing (Taylor et al., 2006; Massey, 2015; Stoltzfus and Norris, 2016), which could help researchers gain a deeper understanding of the patterns and strengths of molecular system development and HCC evolution.
Second, we analyzed the main somatic gene variations and found that most of high-frequency mutations in our cohort were relatively low-frequency mutations in cBioPortal datasets. The top 4 mutated genes (TP53, MUC16, MUC12, and MUC4) were dominated by missense mutations, which was similar to the cBioPortal data. Further, TP53 mutations were the most frequent mutation in both our cohort (p.R249S was the most common amino acid alteration) and cBioPortal datasets, even if there was a significant difference in the mutation rate (76.9% vs 29.0%, respectively). In addition, the most common changes in CNV were FGF3, TERT, and SOX2, and their variant rates were all higher than those reported in cBioPortal-HCC patients (15.4% vs. 5.0%; 12.8% vs. 4.0%; 12.8% vs. 1.1%, respectively). We speculated that because of ethnic and individual differences, the genetic profile characteristics of HCC patients in China may be different from those in other countries (three datasets from the United States, one dataset from Europe, one dataset from Korea, the other dataset from Japan in cBioPortal database). Accordingly, large cohort studies are needed to verify these results.
We further explored whether mutant genes were related to clinical characteristics. TP53 mutation had significant correlations with histological grade, race category, OS, and DFS in cBioPortal database. However, our results suggested that there were little correlations between gene variations and clinical characteristics except that cirrhosis tended to occur in FGF3 and MUC4 mutation groups. We further found that the effect of treatments guided by NGS may be limited. There may be several reasons for this difference. First, individual differences, racial disparities, and sample sizes could have affected the results. Next, gene mutations (e.g., nonsense mutation) may not affect the protein expressions, which play a significant role in performing life functions. Further, co-occurring genetic alterations could alter the biological characteristics of tumors and affect the prognosis of patients (Deng et al., 2019), meaning that different genetic mutations may affect each other. Furthermore, enrichment analysis showed that the mutated genes were involved in complex cancer signaling pathways (e.g., PI3K/AKT, WNT, and JAK/STAT pathways), biological processes (e.g., glycoprotein metabolic process, protein glycosylation, and activation of innate immune response), cellular components (e.g., extracellular matrix, Golgi lumen, and nuclear chromosome part), and molecular functions (e.g., extracellular matrix structural constituent, phosphatase binding, and protease binding). When targeted drugs act on HCC cells, tumor cells can change the expression of related proteins, adjust the connection of signal pathways, and change the microenvironment to evade targeted drug attacks. When a pathway is inhibited by targeted drugs, HCC cells can strengthen the signal transduction of other pathways by compensation, thereby re-promoting its own proliferation and invasion, leading to the failure of targeted therapy (Mir et al., 2017). Some targeted drugs can inhibit the angiogenesis of HCC tissues, but a continuous anti-angiogenesis effect can cause tumor starvation and hypoxia, promoting the proliferation of resistant HCC cells that adapt to hypoxia and lack of nutrients (Mendez-Blanco et al., 2018). Thus, intervention of a signaling pathway alone may be ineffective, and the negative feedback may result in the development of drug resistance. Accordingly, the use of several molecularly targeted agents in combination is an appealing way to counteract resistance. Finally, insignificant statistical differences may also be caused by the relatively small sample size. Multi-center, large sample, prospective studies are needed to further verify these results.
No therapeutic targets in many patients suggested that HCC is not completely caused by mutations, or that there are no approved drugs targeting these mutations. Moreover, targeted drugs may be invalid. SHIVA, a randomized trial conducted in France, found that there were no differences between NGS-guided treatment and conventional treatment in terms of PFS and OS (Le Tourneau et al., 2015). In addition, tumor mutation burden (TMB) can also fail to predict immune checkpoint blockade response (McGrail et al., 2018; McGrail et al., 2021). Therefore, the out-of-range use of NGS for targeted drugs should be focused on.
Further, the results of gene sequencing may vary considerably. For instance, different institutions may provide different results for gene sequencing, which may result from discrepancies in sequencing principles, sequencing systems, and bioinformatics algorithms, etc. Problems in the gene sequencing process (such as hardware, software, samples, and quality control) can also lead to false negatives or false positives (Xuan et al., 2013; Bean et al., 2020). Moreover, the different understandings of genes or treatments with potential clinical benefits may lead to different interpretations of the same test results (Rehm et al., 2013). Most institutions only rely on public databases to interpret data and recommend targeted drugs, but they fail to conduct individualized analysis based on patient-specific conditions. Therefore, some treatments, which are based on clinical experience rather than gene sequencing, may also be effective. This phenomenon can explain why precision medication guided by NGS was not superior to empirical medication in terms of OS rate in our study. It is worth discussing whether better the results can be obtained with more gene sequencing. If gene sequencing can only help a small number of patients, the incremental cost will be high when it is promoted. In addition, the results of gene sequencing could be useless for treatment if they are not sufficiently correlated with important clinical data (such as tumor size, family history, and drug use). Therapies only based on some gene signaling pathway theories and little literature evidence alone will hardly have any positive effects.
Therefore, gene sequencing may not be translated into improved patient outcomes and the detection of therapeutic gene mutations could be far from having a true clinical benefit. Some studies have reported that patients achieved good curative effects by implementing targeted therapy based on gene sequencing, but the sample size, methodology, and research design were not rigorous and the effective rate was also not mentioned in these studies (Yu et al., 2018; Sun et al., 2020). The effective rate of even programmed death 1 (PD-1) treatment was only 17%–20% (El-Khoueiry et al., 2017; Zhu et al., 2018; Lee et al., 2020). Nevertheless, targeted therapy-combined immunotherapy could improve efficacy, not only in our results but also in other studies (Finn et al., 2020; Xu et al., 2021). Therefore, different patients should choose different gene sequencing based on individual differences and genetic polymorphisms. Molecular biology experts, pathologists, oncologists, bioinformatics experts, and immunology experts should work together to find the best-matched therapeutic drugs and conduct cutting-edge clinical trials for each mutation site so as to provide a comprehensive interpretation of the genetic sequencing report for cancer patients. At the same time, researchers should perform reasonable clinical research, strictly define the outcome of clinical benefit, and prospectively evaluate the efficacy of targeted drugs under the guidance of gene sequencing.
Our study has several strengths. First, we described the somatic mutations profiles and identified the high-frequency variated genes in 39 Chinese HCC patients. Second, similarities and differences were revealed between our HCC cohort and cBioPortal-HCC patients with regard to genomic profiling, especially those genes that were relatively low-frequency in the cBioPortal database but commonly mutated in our cohort. Third, the correlations between gene mutation and clinical characteristics were also analyzed, and its limited values for guiding the clinical work were indicated. However, there are several limitations to our study. First, the sample size of the group was small. Accordingly, large umbrella trials of personalized precision therapy are needed to confirm our findings. Second, we did not perform multiple sequencing methods (such as transcriptomics, proteomics, and metabolomics), cell- and animal-based experiments to further verify the results. Third, the combination of the two sequencing methods may be confusing. For the reason of timeliness, we initially used targeted panel sequencing, and later adopted whole-exome sequencing for a larger genome screen. We wanted to expand the sample size so that the data can be fully utilized. In addition, samples are also being accumulated in our center to further verify our research results. Despite these limitations, this study reflected real-world clinical practice as it related to personalized targeted therapy guided by NGS in patients.
In conclusion, the characteristic somatic mutation profiles in 39 Chinese HCC patients were described in this study. Further, we conclude that the role of NGS in guiding treatment may be limited.
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Background: The molecular pathways along with the clinical significance of long non-coding RNAs (lncRNAs) in hepatocellular carcinoma (HCC) remain uncertain. Our study sought to identify and characterize lncRNAs associated with HCC.
Methods: LncRNA TMCO1-AS1 was identified by differential expression analysis, receiver operating characteristic (ROC) analysis, and univariate analysis using RNA sequencing and clinical information of HCC from the public database. Then clinical correlations and survival analysis were conducted to further appraise the prognostic significance of lncRNA TMCO1-AS1 in HCC. Hepatoma and adjoining normal tissues from 66 patients who received surgical operation at our center were used to verify the results of the bioinformatics analysis. A survival prognostic model was established combining TMCO1-AS1 expression and other clinical characteristics.
Results: Bioinformatics analysis showed the aberrant high expression of TMCO1-AS1 in HCC tissue. TMCO1-AS1 expression was positively correlated with alpha-fetoprotein (AFP) level, vascular invasion, tumor stage, as well as tumor differentiation. Moreover, survival analysis found a significant inverse association between the expression of TMCO1-AS1 and the survival of patients with HCC. Cox analysis indicated that TMCO1-AS1 was an independent factor for HCC prognosis. Analysis of the HCC tissues from patients at our center provided results similar to those of the bioinformatics analysis. Risk models for overall survival (OS) and recurrence-free survival (RFS) incorporating TMCO1-AS1 exhibited better sensitivity and specificity than using clinical characteristics alone.
Conclusion: High TMCO1-AS1 expression is significantly correlated with the unfavorable poor prognosis of HCC, indicating its potential of being a novel prognostic marker for HCC.
Keywords: long non-coding RNA, hepatocellular carcinoma, TMCO1-AS1, TCGA, prognosis
INTRODUCTION
Hepatocellular carcinoma (HCC) is generally acknowledged to be amongst the most prevalent digestive malignant tumors on a global scale. Recently, remarkable advancements have been achieved in the treatment of HCC patients, including local and systemic treatments, which have prolonged the survival of patients with HCC (Dhir et al., 2016; Reig et al., 2018). However, HCC is characterized by high invasiveness, metastasis, and frequent recurrence making the prognosis of patients with HCC far from satisfactory (Siegel et al., 2018). As such, identification of novel indicators or biomarkers of HCC may assist in the treatment of patients and help understand the underlying mechanisms of HCC.
Long non-coding RNA (lncRNA) are comprised of RNA transcripts whose length exceed 200 nucleotides but lack identifiable open reading frames. Growing studies have confirmed that lncRNAs participate in the proliferation, differentiation, apoptosis, and metastasis of many human cancers (Gibb et al., 2011; Bhan et al., 2017). In addition, the current relative study reveals that lncRNAs could act as tumor suppressor genes or oncogenes, thus exerting extensive and complicated roles in the regulation of the occurrence and progression of tumors (Maruyama and Suzuki, 2012). With advances in microarray technology and high-throughput RNA sequencing, numbers of dysregulated and expressed lncRNAs that participate in various processes of HCC have been identified (Da Sacco et al., 2012; Klingenberg et al., 2017). For example, lncRNA HOTTIP is shown to be implicated in the tumorigenesis and metastasis of HCC, and its overexpression predicts a poor outcome (Quagliata et al., 2014; Tsang et al., 2015). The lncRNA MATAL1, which is abnormally upregulated in HCC tissues, promotes the progression of HCC by suppressing ZEB1 expression via regulating miR-143-3p (Chen et al., 2017). MEG3 was the first lncRNA identified to function as a tumor suppressor gene; it interacts with P53 to inhibit tumor proliferation and its expression in HCC is low (Braconi et al., 2011). However, although many lncRNAs have been identified the biological functions of most remain unknown.
In this study, a novel lncRNA TMCO1-AS1 with aberrant expression in HCC was identified through bioinformatics analysis. The value of TMCO1-AS1 in HCC diagnosis and prognosis was evaluated by analyzing the gene expression matrix of The Cancer Genome Atlas (TCGA), and TMCO1-AS1 expression was demonstrated to be negatively correlated with survival of HCC patients. Furthermore, the data of HCC patients treated at our center was used to confirm the results of the bioinformatics analysis, and a prognostic model was built to improve the accuracy of prognosis prediction of HCC patients. Overall, our data indicate that lncRNA TMCO1-AS1 could serve as a promising novel prognostic marker for HCC.
MATERIALS AND METHODS
Data Sources
The gene expression matrix (TPM format) of liver cancer was acquired by data download from TCGA (https://cancergenome.nih.gov/) using the R programming language (r-project.org). RNA sequencing (RNA-seq) data of 377 hepatoma tissues as well as 50 adjoining normal tissues from 377 patients were obtained and normalized into log2(TPM+1). In addition, the clinical data of the 377 patients were acquired as well. Patients with incomplete clinical and survival data were excluded. At last, a total of 314 patients with 364 tissue samples (314 hepatoma tissues and 50 adjoining normal tissues) were incorporated in the present research.
Differential Expression Analysis
RNA-seq data were compared between 50 pairs of hepatoma tissues and corresponding adjacent tissues to identify the differentially expressed lncRNAs (DElncRNAs) using the “limma” package of R. False discovery rated (FDR) method was utilized for the purpose of adjusting the p values for several tests. The fold-change (FC) values of each lncRNA were calculated. A lncRNA was considered to have a significant differential expression when log2|FC| > 1.0 and p < .05.
Evaluation of the Prognostic and Diagnostic Significance of Differentially Expressed lncRNAs for Hepatocellular Carcinoma
The expression profiles of the DElncRNAs were acquired, and in combination with survival prognostic information, their prognostic values were evaluated. Univariate regression was used to investigate if the expression levels of DElncRNAs were closely related to overall survival (OS) and recurrence-free survival (RFS). Receiver operating characteristic (ROC) analysis was conducted to evaluate the sensitivity and specificity of the DElncRNAs in diagnosing HCC. The following were the parameters that determine the area under the ROC curve (AUC): .5–.7, poor evidence for diagnosis; >.7–.9, moderate evidence for diagnosis; >.9–1.0, high-quality diagnostic evidence; >.7–.9, moderate-quality diagnostic evidence; .5–.7, poor -quality diagnostic evidence.
Establishment of a Prognostic Model for Hepatocellular Carcinoma Survival
A risk model for anticipating the outcome of patients with HCC was constructed by combining DElncRNA expressions and patient clinicopathological characteristics. The necessary minimum number of clinicopathological characteristics were used to establish the model through least absolute shrinkage and selection operator) (LASSO) regression analysis, and the regression coefficients of each prognostic factor were calculated. Clinical characteristics scores were defined as 1 or 0 in accordance with different clinicopathological features. Utilizing equation as follows, we successfully calculated the risk score: Risk score = Exp × CDElncRNA + S1 × C1+S2 × C2 + … + SN × CN (“Exp” means the expression quantity of the DElncRNA, “C” denotes the regression coefficient calculated by Lasso analysis, and “S” refers to the clinical characteristics scores). The median risk score was defined as a cutoff, and the patients were stratified into 2 groups with different risk levels. The comparison of OS and RFS was made between the grouped patients to evaluate the predictive ability of the models.
Tissue Sample Collection
Hepatoma and corresponding adjacent normal tissues were acquired from 66 HCC patients who received surgical interventions at Sun Yat-sen Memorial Hospital, Sun Yat-sen University (Guangzhou, China) from 2015 to 2018. All patients had given informed consent for the collection of tissue samples for research purposes. Hepatocellular carcinoma was diagnosed for each patient by pathological examination of the operation samples. Preoperatively, none of the patients underwent any type of treatment before surgery (e.g., received radiotherapy, chemotherapy, immunotherapy). Normal tissues that were adjoining to the malignant tumor were obtained at a distance of 2.0 cm. Liquid nitrogen was used to preserve all of the samples from the surgery. At least 2 years of follow-up was required for each patient.
Isolation of RNA and Quantitative Reverse Transcription-Polymerase Chain Reaction
Trizol (Takera, Japan) was utilized for the purpose of performing the isolation of the total RNA. Reverse transcription was conducted using A PrimeScript RT reagent Kit (Takara, Japan) was utilized for reverse-transcribing the isolated RNA, whereas SYBR Premix Ex Taq (Takara, Japan) was employed in cDNA amplification. PCR was performed on a CFX96 system (BIO-RAD, USA) at the temperature for 30 s at 95°C, followed by 40 cycles at 95°C for 5 s and 60°C for 20 s. Internal controls were implemented using GAPDH. The relative expression of TMCO1-AS1 was determined utilizing the 2−ΔΔCT method. The primers had the following sequences: TMCO1-AS1 forward: 5′- GTT​TAG​CTT​GGG​TTT​GCC​GT -3′, reverse: 5′- AGC​GGC​CCA​CAA​CTA​ACT​C -3′; GAPDH forward: 5′- CCA​GAA​CAT​CAT​CCC​TGC​CT -3′, reverse: 5′- CCT​GCT​TCA​CCA​CCT​TCT​TG -3′.
Statistical Analysis
Continuous variables were compared by one-way analysis of variance (ANOVA) or two-sided Student’s t-test, as deemed necessary, whereas comparisons of categorical variables were performed by Chi‐square test. The log-rank test, as well as the landmark analysis, were employed to contrast Kaplan–Meier curves. Univariable and multivariable analyses were conducted based on the Cox regression method. We conducted the receiver operating characteristic (ROC) analysis to examine the prediction capacity of the lncRNAs. All statistical analyses were implemented using SPSS (IBM Corporation). The volcano plot and heatmap were charted and analyzed utilizing ImageGP (http://www.ehbio.com/ImageGP/index.php). Differential expression analysis was performed using the “limma” package of R. LASSO analysis was conducted using the “glmnet” R package, and time-dependent ROC curves were drawn with the “survivalROC” R package. Statistical significance was judged to have been attained when p < .05.
RESULTS
The Cancer Genome Atlas Database Analysis of lncRNAs Differentially Expressed Between Hepatocellular Carcinoma and Adjacent Tissue
With the criteria of log2|FC| > 1.0 and p < .05, 1,304 DElncRNAs were identified with 1,111 upregulated and 193 downregulated. Figure 1A showed the volcano plot of the DElncRNAs which was plotted based on differential expression analysis. The expression profiles of the top 100 DElncRNAs (81 up-regulated and 19 downregulate; Supplementary Table S1) were illustrated using a heatmap (Figure 1B). Based on DElncRNA patterns, tumor tissue could be distinguished from normal tissue.
[image: Figure 1]FIGURE 1 | Differentially expressed lncRNAs in HCC based on bioinformatics analysis of TCGA. (A) Volcano plot illustrating the DElncRNAs between HCC tissues and adjacent normal tissues. (B) Heatmap showing the hierarchical clustering of the top 100 DElncRNAs. (C) ROC curves of five DElncRNAs (DDX11-AS1, TMCO1-AS1, ZNF252P-AS1, HCG25, TMCC1-AS1) with an AUC > .9.
Diagnostic and Prognostic Value of Differentially Expressed lncRNAs
Univariate analysis was performed for OS and RFS to determine whether a DElncRNA was substantially correlated with HCC patients’ prognosis. With p < .05, 31 DElncRNAs were detected to be significantly correlated to OS, and 35 DElncRNAs were significantly correlated to RFS (Supplementary Table S2). Among them, there was a significant difference of OS and RFS associated with 15 DElncRNAs (DUXAP8, DDX11-AS1, TMCO1-AS1, ZNF252P-AS1, AC091057.1, TM4SF19-AS1, HCG25, RP11-98G7.1, SNHG4, AC012313.8, TMCC1-AS1, ZFPM2-AS1, AL357079.1, LINC02709, and AC099850.4), suggesting they have remarkable prognostic value for HCC patients.
ROC analysis was performed on the 15 DElncRNAs to detect whether the DElncRNA could serve as a biomarker to distinguish HCC tissue from adjacent normal tissue. Of the 15 DElncRNAs, 5 (DDX11-AS1, TMCO1-AS1, ZNF252P-AS1, HCG25, and TMCC1-AS1) exhibited an AUC > .9 (Figure 1C). These results indicate that the 5 DElncRNAs, which are all up-regulated in HCC, have marked diagnostic potential for HCC.
For further study, we selected lncRNA TMCO1-AS1 which has not been reported to be associated with HCC before.
Expression and Clinical Correlation of TMCO1-AS1 in Hepatocellular Carcinoma
The expression of TMCO1-AS1 between 314 hepatoma tissues and 50 adjoining normal tissues from TCGA was compared. Figure 2A illustrates that TMCO1-AS1 expression in HCC tissues was obviously elevated in contrast with that in adjacent tissues (p < .0001). Median expression of TMCO1-AS1 was defined as a threshold point to classify the 314 HCC patients into low- and high-expression groups, and patient clinical data of the two groups were analyzed. Correlation analysis demonstrated that TMCO1-AS1 expression was considerably related to alpha-fetoprotein (AFP) level (p = .0029), vascular invasion (p = .0014), TNM stage (p = .0182) and tumor differentiation (p = .0016) (Table 1). The expression of TMCO1-AS1 in patients whose levels of AFP were >400 μg/L was substantially higher in contrast with patients whose levels of AFP were ≤400 μg/L (Figure 2B). Patients with vascular invasion had greater expression of TMCO1-AS1 than in HCC tissues compared to those without vascular invasion (Figure 2C). High expression of TMCO1-AS1 in HCC tissues was positively related to an advanced stage and poor differentiation (Figures 2D,E). However, TMCO1-AS1 expression had no associations with other features, for example, age, sex, race, virus hepatitis, alcoholic hepatitis, Child-Pugh classification, and cirrhosis (all, p > .05).
[image: Figure 2]FIGURE 2 | Dysregulation of TMCO1-AS1 in HCC and its prognostic significance for HCC using data of patients from TCGA. (A) The expression levels of TMCO1-AS1 in HCC and adjacent normal tissues. (B) TMCO1-AS1 expression in patients with high (AFP >400 μg/L) and low (AFP ≤400 μg/L) serum AFP levels. (C) TMCO1-AS1 expression in patients with and without vascular invasion. (D) TMCO1-AS1 expression in patients with different tumor stages. (E) TMCO1-AS1 expression in patients with different degrees of tumor differentiation. (F–H) Time-dependent ROC curves of the relations of clinical characteristics and 1-/3-/5-year OS. (I–K) Time-dependent ROC curves of the relations of clinical characteristics and 1-/3-/5-year RFS. (L) Kaplan-Meier curves for OS of HCC patients from TCGA with high and low TMCO1-AS1 expression. (M) Landmark analysis discriminating between OS before and after 5 years of follow-up. (N) Kaplan-Meier curves for RFS of HCC patients from TCGA with high and low TMCO1-AS1 expression. (O) Landmark analysis discriminating between RFS before and after 3 years of follow-up.
TABLE 1 | Relationship between the expression levels of TMCO1-AS1 and clinicopathological characteristics in 314 HCC patients from TCGA.
[image: Table 1]Relations Between TMCO1-AS1 Expression and Hepatocellular Carcinoma Prognosis Using The Cancer Genome Atlas
Cox analysis was conducted to appraise the value of TMCO1-AS1 for HCC prognosis. Univariate regression analysis showed that hepatitis virus infection (p = .0351), Child-Pugh score (p = .0153), tumor stage (p < .0001) and the levels of TMCO1-AS1 expression (p = .0079) were considerably correlated with OS. Moreover, vascular invasion (p = .0013), tumor stage (p < .0001) and TMCO1-AS1 expression (p = .0103) were significantly associated with RFS (Supplementary Table S3). Multivariate regression analysis indicated that TMCO1-AS1 independently acted as a predictive marker of HCC prognosis (Supplementary Table S4).
Time-dependent ROC analysis was performed to compare the prediction values of the prognostic parameters determined through the Cox analysis. The time-dependent ROC curves of 1-year OS for TMCO1-AS1 expression, Child-Pugh score, and tumor stage are shown in Figure 2F. The AUC for TMCO1-AS1 expression was .724, and the AUC for tumor stage and Child-Pugh score were .606 and .558. The AUC of 3-year OS for TMCO1-AS1, tumor stage and Child-Pugh score were .713, .636, and .559, respectively (Figure 2G). The AUC of 5-year OS was .708, which was larger than that for Child-Pugh score and tumor stage (Figure 2H). Thus, of the three factors TMCO1-AS1 exhibited the best ability to predict OS of patients with HCC. Similarly, the time-dependent ROC curves of 1-year RFS for TMCO1-AS1 expression, tumor stage and vascular invasion are displayed in Figure 2I. The AUC for TMCO1-AS1 expression was .705, and that for tumor stage and vascular invasion were .687 and .619, respectively. The AUC of 3-/5-year RFS for TMCO1-AS1 was larger than that for tumor stage and vascular invasion (Figures 2J,K). Thus, of the three factors TMCO1-AS1 exhibited the best ability to predict RFS of HCC patients.
Kaplan-Meier curves were drawn to analyze OS and RFS between HCC patients exhibiting low and high TMCO1-AS1 expression. In patients exhibiting elevated TMCO1-AS1 expression, the median OS time was 1,490 days, whereas in patients having low TMCO1-AS1 expression, their median OS time was 2,116 days (Figure 2L). Figure 2M showed a landmark analysis of OS before and after 5 years of follow-up. Within 5 years, patients in the high TMCO1-AS1 expression group exhibited obviously shortened OS time as opposed to patients in the low TMCO1-AS1 expression group (p = .0020). While after 5 years, no statistical differences were discovered between the OS of the two groups (p > .05). Patients having elevated TMCO1-AS1 expression had significantly shorter median RFS time compared to those with low TMCO1-AS1 expression (Figure 2N). Landmark analysis revealed the discrimination between tumor recurring before and after 3 years of follow-up, and a significant difference of RFS within 3 years was detected between patients exhibited low and high expression of TMCO1-AS1 (Figure 2O). Survival analysis showed that TMCO1-AS1 had a certain value in the prediction of HCC prognosis, especially for the early-term survival.
We especially carried out a subgroup analysis to thoroughly examine the prognostic significance of TMCO1-AS1 for HCC patients with different clinical characteristics. In accordance with the clinical characteristics including serum AFP level, tumor stage, liver cirrhosis and hepatitis virus infection, the patients with HCC obtained from TCGA were classified into various groups. Kaplan-Meier analysis indicated there was a statistical difference in OS and RFS of the patients classified under the group having the level of AFP as ≤400 μg/L (Figure 3A) in contrast with those having AFP > 400 μg/L (Figure 3B). In addition, statistical differences in OS and RFS were found between patients with and without cirrhosis (Figures 3C,D), patients with early-stage or advanced-stage disease (Figures 3E,F), and those with and without viral hepatitis (Figures 3G,H).
[image: Figure 3]FIGURE 3 | Prognostic value of TMCO1-AS1 expression in HCC patients with different characteristics. (A) Survival curves for OS and RFS of patients with AFP ≤400 μg/L. (B) Survival curves for OS and RFS of patients with AFP >400 μg/L. (C) Survival curves for OS and RFS of patients with tumor stage I-II. (D) Survival curves for OS and RFS of patients with tumor stage III-IV. (E) Survival curves for OS and RFS of patients without cirrhosis. (F) Survival curves for OS and RFS of patients with cirrhosis. (G) Survival curves for OS and RFS of patients without viral hepatitis infection. (H) Survival curves for OS and RFS of patients with viral hepatitis infection.
Correlation of Clinical Variables and Survival Analyses of Patients at Our Center
The expression of TMCO1-AS1 was detected in 66 paired samples of hepatoma and adjoining normal tissues from patients at our center that received surgery. Figure 4A depicted that the levels of TMCO1-AS1 expression were significantly increased in 74% of HCC tissues (49/66) in contrast with the matching adjoining normal tissues.
[image: Figure 4]FIGURE 4 | Relations between TMCO1-AS1 expression and clinical characteristics of HCC patients treated at our center. (A) Relative expression of TMCO1-AS1 in 66 HCC and adjacent normal tissues. (B) TMCO1-AS1 expression in patients with high and low serum AFP levels. (C) TMCO1-AS1 expression in patients with and without vascular invasion. (D) TMCO1-AS1 expression in patients with different tumor stages. (E) TMCO1-AS1 expression in patients with different degrees of tumor differentiation. (F) Kaplan-Meier curves for OS of patients with high and low TMCO1-AS1 expression. (G) Kaplan-Meier curves for RFS of patients with high and low TMCO1-AS1 expression.
Correlation analysis using data from the patients treated at our center showed that serum AFP level (p < .0001), vascular invasion (p = .0367), tumor stage (p = .0267), and differentiation (p = .0138) were significantly associated with TMCO1-AS1 expression (Table 2). Furthermore, patients having an elevated AFP level and vascular invasion had a high expression level of TMCO1-AS1 in tumor tissue (Figures 4B,C). And TMCO1-AS1 was overexpressed in tumor tissue of patients with advanced tumor stage and attenuated tumor differentiation (Figures 4D,E). All patients from our center were followed up for more than 2 years. Kaplan-Meier analysis illustrated that OS and RFS of patients exhibiting elevated TMCO1-AS1 expression were obviously shortened as opposed to that of patients exhibiting low TMCO1-AS1 expression, which were in line with the findings from bioinformatics in TCGA (Figures 4F,G).
TABLE 2 | Relationship between the expression levels of TMCO1-AS1 and clinicopathological characteristics in 66 HCC patients from our center.
[image: Table 2]Construction of Risk Score System for Hepatocellular Carcinoma
Data of 314 HCC patients from TCGA were used to build a model for predicting OS and RFS. The clinical characteristics score of 1 was assigned to the features of age >60 years, male, Child‐Pugh class B/C, liver cirrhosis, serum AFP >400 μg/L, vascular invasion, tumor stage III–IV, and tumor grade 3–4. The score of 0 was assigned to age ≤60 years, female, Child‐Pugh class A, no cirrhosis, serum AFP ≤400 μg/L, no vascular invasion, tumor stage I–II, and tumor grade 1–2. Using Lasso analysis, risk prognostic models were established for OS and RFS by combining the expression of TMCO1-AS1 and three clinical characteristics. The risk scores of all patients from TCGA were calculated using the following formula: Risk score = .9066 × ExpTMCO1-AS1 + .1207 × SAFP + .2787 × SChild + .0882 × SCirrhosis + .6105 × SStage (S is the score [0 or 1] of the subscripted variable and Exp is the expression of the lncRNA). Patients were classified into low- and high-risk groups according to their median value risk scores. As shown in Figure 5A, TMCO1-AS1 expression exhibited a positively association with the risk score. Moreover, the OS and RFS of the high-risk group patients were poorer in contrast with that of the low-risk group patients. Based on the risk model, a larger proportion of patients with high serum AFP, Child-Pugh class B/C, liver cirrhosis, and advanced tumor stage were defined as high-risk (Figure 5B). Kaplan-Meier analysis demonstrated that the median OS of high-risk patients (1,397 days) was substantially shortened in contrast with that of low-risk patients (2,486 days) (Figures 5C,D). The time-dependent AUC of the risk model’ OS for 1-/3-/5-year was .815, .801, and .788, respectively, which was larger than the 1-/3-/5-year AUC for TMCO1-AS1 expression, Child-Pugh class, and tumor stage. Comparable findings were observed when RFS was analyzed; the high-risk group patients exhibited considerably shortened RFS in contrast with the low-risk group patients (Figure 5E). The AUC 1-/3-/5-year RFS for the risk score was .792, .762, and .731, suggesting a good predictive value of the model (Figure 5F). For both OS and RFS, the risk model exhibited better sensitivity and specificity for the prediction than any single clinical feature. The clinical data and expression profiles of 66 HCC patients from our center was utilized to further verify the prediction ability of the risk model in HCC prognosis, and the results were similar to those obtained by analyzing data from TCGA (Supplementary Figure S1).
[image: Figure 5]FIGURE 5 | A prognostic model for OS and RFS of HCC patients from TCGA. (A) Risk score distribution, TMCO1-AS1 expression, and OS and RFS of patients in the high- and low-risk group. (B) Comparison of the distributions of patients with different characteristics in the high- and low-risk groups. (C) Kaplan-Meier OS curves for patients in the high- and low-risk groups. (D) Time-dependence ROC curves of the risk score for OS. (E) Kaplan-Meier RFS curves for patients in the high- and low-risk groups. (F) Time-dependence ROC curves of the risk score for RFS.
DISCUSSION
Hepatocellular carcinoma is the seventh most frequent malignant tumor and has been ranked as the third major contributor to cancer-associated fatalities globally (Bray et al., 2018). Although recent developments of locoregional and molecular targeted therapies have been reported to provide a survival benefit, surgery is still a curative option (Kudo, 2018; Raoul et al., 2018; Raoul et al., 2019). However, because of a lack of obvious symptoms a considerable proportion of patients received their diagnosis at an advanced stage resulting in a poor prognosis (Fan, 2012). Moreover, the postoperative recurrence rate of patients who undergo liver resection is as high as 70% (Llovet et al., 2005). Thus, early diagnosis and prognostic markers are important in the treatment of HCC, as is timely following-up after surgery.
Alpha-fetoprotein is a traditional cancer biomarker that is used to monitor HCC treatment and recurrence; however, 35–45% of HCC patients have low serum AFP levels (<20 μg/L) (Sherman et al., 1995; Cedrone et al., 2000; Trevisani et al., 2001). Conventional prognostic systems such as Barcelona Clinic Liver Cancer (BCLC) stage and TNM classification are valuable in the prediction of HCC patients’ survival status (Imai et al., 2014; Lee et al., 2014). However, HCC patients with the same BCLC stage or TNM classification may have different outcomes, illustrating the limitations of these systems for patients with HCC.
Tumorigenesis is commonly the result of the abnormal expression of a specific gene of genomes. Currently, lncRNAs are an active area of research because their expression is frequently dysregulated in cancers and their biological function may be oncogenic and tumor suppressor activity. Thus, the possibility that lncRNAs can serve as diagnostic and prognostic biomarkers has attracted increasing attention (Wang and Tran, 2013). A growing number of lncRNAs are demonstrated to play major parts in the process of HCC tumorigenesis. For instance, the plasma level of lncRNA HULC (highly upregulated in liver cancer) has been reported to be useful for HCC diagnosis and prognosis (Xie et al., 2013). Urothelial carcinoma associated-1 (UCA1) has an indispensable proliferation-related role in HCC via the Hippo signaling pathway, and it has been shown to be useful for predicting the prognosis (Qin et al., 2018). A lncRNA down-regulated in liver cancer stem cells (lncDILC) has been shown to interfere with NF-κB-mediated IL-6 expression via inhibiting STAT3 signaling, and thus has prognostic value for patients with HCC (Wang et al., 2016).
Bioinformatics analysis is an accurate and effective method to explore the functionality of genes in certain diseases, especially in malignancies. Increasing numbers of lncRNAs with an aberrant expression that are involved in HCC development and progression are being identified. In our study, DElncRNAs were distinguished and screened by differential expression analysis using the expression profiles of HCC tissues from TCGA. Subsequently, we identified five DElncRNAs with significant diagnostic and prognostic value in HCC. Among the five DElncRNAs, four have recently been shown to perform a function in the onset and progression of HCC. The lncRNA DDX11-AS1 suppresses the LATS2 protein via interacting with EZH2 and DNMT1 in HCC cells and may function as an oncogene, and the expression of DDX11-AS1 is correlated with a poor HCC prognosis (Li et al., 2019). The lncRNA ZNF252P-AS1 has been shown to be significantly associated with patients’ OS with hepatitis B virus (HBV)-related HCC (Zhao et al., 2020). The lncRNA HCG25 is aberrantly expressed in HCC tissue, and has a significant diagnostic value for HCC (Shi et al., 2018). Prior studies have reported that TMCC1-AS1 is related to autophagy, and its expression is negatively correlated with HCC prognosis (Cui et al., 2017; Zhao et al., 2018; Deng et al., 2020).
TMCO1-AS1, also referred to as RP11-466F5.8 or ENSG00000224358, is antisense RNA located on chromosome 1 with a length of 2,148 bp. In our study, we identified this novel lncRNA, which has not been previously reported associated with HCC, via bioinformatics analysis. TMCO1-AS1 was found to be significantly overexpressed in HCC tissues, ROC analysis showed an excellent prognostic value for HCC, and survival analysis revealed that TMCO1-AS1 expression was inversely correlated with OS and RFS of HCC patients. TMCO1-AS1 was shown to independently serve as a risk factor for HCC, and it had a better prognostic value than other clinical features such as Child-Pugh class, cirrhosis, vascular invasion, and tumor stage.
In this study, we also developed a novel risk model for predicting OS and RFS using TMCO1-AS1 expression and other clinical characteristics. OS and RFS differed considerably between the low- and high-risk group patients, and the prognostic value for OS and RFS was verified by time-dependent ROC analysis. Moreover, the prediction ability of the constructed risk model was shown to be better than that of other clinical features, and thus may serve as a novel method for establishing the prognosis for the patients with HCC. Notably, TMCO1-AS1 expression was positively related to the HCC risk score. Overall, our findings indicated that TMCO1-AS1 is involved in the occurrence and progression of HCC and influences patients’ prognosis. However, the exact biological function and molecular mechanism of TMCO1-AS1 require further study.
CONCLUSION
In summary, we identified a novel lncRNA, TMCO1-AS1, in HCC. High expression of TMCO1-AS1 in HCC tissues was correlated with poorer OS and RFS. Thus, the lncRNA TMCO1-AS1 could serve as a valuable prognostic marker for HCC patients.
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Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed malignancy and the third leading cause of cancer-related deaths worldwide. A 58-year-old man visited his local hospital due to abdominal discomfort and was diagnosed with lung metastasis. After admission to our hospital in April 2020, he received two cycles of transcatheter arterial embolization (TAE), hepatic arterial infusion chemotherapy (HAIC-Folfox), sorafenib, and camrelizumab every 3 weeks. Due to the end of HAIC treatment, he underwent drug-eluting transcatheter arterial chemoembolization (dTACE) once, sorafenib, and camrelizumab. However, because of worsening liver function, we interrupted TACE and only gave sorafenib and camrelizumab in August 2020. Although he received systemic therapy, the tumors still rapidly progressed and we considered the possibility of tumor resistance. Subsequently, regorafenib was given. In September, the patient underwent conventional TACE (cTACE) once, regorafenib, and camrelizumab. After half a year of comprehensive treatment, the treatment effect was not satisfactory, and he returned to the local hospital to received regorafenib every day and camrelizumab once every 3 weeks. The patient found that the tumor and lung metastasis had shrunk significantly after 1 year of the initial diagnosis, then he was admitted to our hospital and received surgery treatment, and now he has survived disease-free for 6 months.
Keywords: hepatocellular carcinoma, conversion therapy, camrelizumab, portal vein thrombosis (PVTT), operation
INTRODUCTION
Hepatocellular carcinoma (HCC) is the sixth most commonly diagnosed malignancy and the third leading cause of cancer-related deaths worldwide (Sung et al., 2021). In China, HCC is the fourth most commonly diagnosed and the second leading cause of cancer-related deaths (Chen et al., 2016). As we all know, the best treatment for HCC is radical surgical resection. Unfortunately, most patients with HCC are diagnosed at an advanced stage. In recent years, a new treatment called “conversion surgery therapy” has been reported that converts unresectable gastrointestinal cancer to resectable gastrointestinal cancer, which has improved the prognosis of patients (Sato et al., 2017).
We herein report a case of advanced HCC that received conversion therapy up to a year before it took effect, and finally performed a successful operation.
MATERIALS AND METHODS
We retrospectively reported and analyzed a case that pathologically confirmed primary HCC at Zhujiang Hospital. The clinical data including clinical symptoms, signs, pathological diagnosis, radiological findings, laboratory analyses, treatments, and outcome were obtained from the hospital’s electronic medical records. Pathological diagnosis including immunohistochemistry (IHC) was independently reviewed by two pathologists. The patient’s family approved the anonymous use of the patient’s data, which was in accordance with the Helsinki Declaration.
RESULTS
Case Report
A 58-year-old male patient complained abdominal discomfort for 2 months. He went to his local hospital and was diagnosed with HCC and Barcelona Clinic Liver Cancer (BCLC) stage C in March 2020. Then, transcatheter arterial chemoembolization (TACE) was performed.
In order to seek further diagnosis and treatment, he went to our hospital and was admitted in April 2020. He had a history of hepatitis B. On admission, physical examination showed tenderness over the right upper region area with a 5 cm palpable abdominal mass below the xiphoid process. Laboratory data were recorded as follows: alanine aminotransferase (ALT): 36 IU/L, aspartate transaminase (AST): 81 IU/L, albumin (ALB): 22.7 g/L, total bilirubin (TBIL): 9.7 μmol/L, prothrombin time (PT): 11.5 s, and HBV-DNA: 6.83 × 102 IU/ml. Among the tumor markers, alpha fetoprotein (AFP) was significantly elevated (1,649.0 μg/L), carbohydrate antigen 125 (CA125) was sightly increased (113.0 kU/L), and carcinoembryonic antigen (CEA) and carbohydrate antigen 199 (CA199) were normal. The cirrhosis was classified as Child-Pugh 7 and ALBI grade 3. The enhanced CT revealed small nodules in the middle and lower lobes of the lungs that were considered lung metastases, the tumor in the left lobe of the liver was considered HCC with multiple metastases in the right lobe of the liver, and tumor thrombosis was present in the left portal vein (Figure 1). The magnetic resonance imaging (MRI) showed the tumor in the left lobe of the liver with multiple metastases in the right lobe of the liver, and with tumor thrombosis in the left portal vein (Figure 2).
[image: Figure 1]FIGURE 1 | Abdominal computed tomography (CT) shows the tumor in the left lobe of the liver considered to be HCC with multiple metastases in the right lobe of the liver, and with tumor thrombosis in the left portal vein and lung metastases. (A) The huge tumor in the left lobe of the liver; (B) the multiple metastases in the right lobe of the liver; (C) the lung metastases; (D) the tumor thrombosis in the left portal vein.
[image: Figure 2]FIGURE 2 | Magnetic resonance imaging (MRI) shows the tumor in the left lobe of the liver with multiple metastases in the liver, and with tumor thrombosis in the left portal vein. (A) The huge tumor in the left lobe of the liver; (B) the multiple metastases in the right lobe of the liver.
1. After MDT discussion, HCC with BCLC stage C and portal vein tumor thrombus (PVTT) classified VP3 and Cheng’s type II was diagnosed, and we believe that radical surgical resection was impossible due to the low residual liver volume and lung metastases. He finally received conversion therapy. The procedure details are as follows: The patient received two cycles of transcatheter arterial embolization (TAE), hepatic arterial infusion chemotherapy (HAIC-Folfox) (the HAIC scheme was as follows: We selectively placed a microcatheter into the feeding arteries of the tumor. Then, the microcatheter was connected to the artery infusion pump to perform the following treatment: Day 1: oxaliplatin 85 mg/m2, leucovorin 400 mg/m2, and 5-fluorouracil 400 mg/m2 via intra-arterial infusion; day 2–3: 5-fluorouracil 2,400 mg/m2 via continuous intra-arterial infusion. After HAIC was completed, the catheter was removed, and compression was performed to achieve hemostasis. The patient was treated every 3 weeks) (He et al., 2019), sorafenib (at a dose of 400 mg twice daily), and camrelizumab (200 mg intravenously every 3 weeks). At the end of HAIC treatment, we were disappointed to find that the tumor had rapidly progressed based on the modified Response Evaluation Criteria in Solid Tumors (mRECIST). Then, the patient received drug-eluting TACE (dTACE) once, sorafenib, and camrelizumab in July 2020. A month later, his liver function deteriorated (ALT: 33 IU/L, AST: 329 IU/L, ALB: 24.9 g/L, TBIL: 16.6 μmol/L, PT: 13.4 s, massive ascites), and the cirrhosis was classified as Child-Pugh 9 and ALBI grade 3. We had to interrupt TACE and only gave sorafenib and camrelizumab. Although he received systemic therapy, the tumors still rapidly progressed and we considered the possibility of tumor resistance. Among the tumor markers, AFP was significantly elevated (12,913.0 μg/L). Then, regorafenib (at a dose of 160 mg daily) was given. In September 2020, the patient received conventional TACE (cTACE) once, regorafenib, and camrelizumab. So far, he had received conversion therapy for half a year, and the treatment effect was not satisfactory. He returned to the local hospital to receive regorafenib every day and camrelizumab once every 3 weeks.
Until a year after his initial diagnosis, the patient found that the tumor and lung metastases had shrunk significantly in the local hospital. Then, he was admitted to our hospital again. On admission, physical examination showed no positive signs. Laboratory data were recorded as follows: ALT: 19 IU/L, AST: 27 IU/L, ALB: 34.2 g/L, TBIL: 8.4 μmol/L, and PT: 11.1 s. AFP was negative (8.1 μg/L). The cirrhosis was classified as Child-Pugh 5 and ALBI grade 2. The enhanced CT revealed there were multiple small nodules in both lungs, which were significantly reduced and shrunken compared to the previous CT. The tumor in the left lobe of the liver was significantly reduced, with local enhancement, and lipiodol deposition was seen. Multiple nodules in the right lobe of the liver had shrunk. And tumor thrombus had formed in the left and right branches of the portal vein (Figure 3). Based on these results, we judged that the patient had partial response (PR) and could be treated with radical surgery, according to the response evaluation in the mRECIST criteria. Then he received left hepatectomy, cholecystectomy, and portal vein incision and embolectomy. The pathological examination showed necrosis of a massive HCC with no tumor cells observed on the resection margins, and without metastasis in lymph nodes. The pathological diagnosis showed that the portal vein tumor thrombus had necrotic tissue (Figure 4). In the patient’s postoperative maintenance therapy, the patient was given lenvatinib 8 mg orally once a day, and camrelizumab 200 mg intravenously once every 3 weeks. There was no clinical evidence of recurrence at 6 months after the resection. The AFP levels remained within the normal limits (Figure 5).
[image: Figure 3]FIGURE 3 | Abdominal computed tomography (CT) shows that multiple small nodules in both lungs were significantly reduced and shrunken and the tumor in the liver was significantly reduced. (A) The lung metastases was reduced and shrunken; (B) the tumor in the left lobe of the liver shrunk; (C) the tumor thrombosis in the left portal vein.
[image: Figure 4]FIGURE 4 | Microscopic examination of the tumor revealed necrosis of the massive HCC with no tumor cells observed on the resection margins, and the portal vein tumor thrombus had necrotic tissue. (A) Necrosis of massive HCC; (B,C) the pathological examination.
[image: Figure 5]FIGURE 5 | Alpha fetoprotein (AFP) change trend and treatment options. (A) TAE + HAIC + sorafenib + camrelizumab; (B) dTACE + sorafenib + camrelizumab; (C) sorafenib-regorafenib + camrelizumab; (D) cTACE + regorafenib + camrelizumab; (E) radical surgical resection.
DISCUSSION
With the development of diagnosis and treatment of HCC, overall survival time has been prolonged. As we all known, surgical resection is the best treatment for liver cancer patients, which can lead to a 60%–70% chance of 5-year survival (Llovet et al., 2003). However, in China, even in the Asia-Pacific region, most patients were found to be at an advanced stage, and more aggressive approaches (systemic therapy, local therapy, targeted therapy, and immunotherapy) were preformed. The prognosis of patients from the Asia-Pacific region is still worse than those from North America or Europe (Cheng et al., 2009). The prognosis for advanced HCC (unresectable or metastatic) remains poor, with a median overall survival of 4.2 months for those without treatment (Cheng et al., 2009). As for HCC with Okuda stage II, the median survival time was 2.7 months (Yeung et al., 2005). Our case reported that the patient with lung metastasis and PVTT successfully underwent radical surgery after conversion therapy. It may provide an alternative treatment method for advanced HCC patients.
For HCC with PVTT, some studies recommend that an aggressive approach may lead to improved survival, and the patients who underwent radical surgery had the best survival, followed by HAIC and cTACE (Takizawa et al., 2007; Lin et al., 2011). When radical surgery cannot be performed, HAIC and cTACE are often used as the first-line treatment, especially in eastern countries (Korean Liver Cancer Study Group, 2014; Kudo et al., 2015; Omata et al., 2017). Liu BJ et al. found that cTACE combined with HAIC (cTACE-HAIC) would achieve longer overall survival (OS) than cTACE alone (median OS 9 vs. 5 months). For HCC patients with PVTT (Vp3-Vp4), the median OS was significantly different between the cTACE-HAIC group (10 months) and cTACE group (4 months) (Liu et al., 2021). A retrospective study that compared cTACE-HAIC and cTACE in the treatment of 83 patients with potentially resectable liver cancer by Yuan YF et al. demonstrated that the surgical conversion rate (48.8% vs 9.5%), mRECIST-objective response rate (ORR) (65.9% vs 16.7%), and progression-free survival (PFS) (HR = 0.38, 95%CI: 0.20–0.70) were better in patients in the cTACE-HAIC group than in the cTACE group (Chen et al., 2021).
When sorafenib, a small molecule that inhibits tumor cell proliferation and tumor angiogenesis, is widely used clinically, the survival time of patients with advanced HCC is prolonged (Wilhelm et al., 2004). A multicenter, phase III, double-blind, placebo-controlled trial of sorafenib conducted by Llovet JM et al. reported that median OS in the sorafenib group was significantly longer than the placebo group (10.7 vs. 7.9 months) (Llovet et al., 2008). A phase III randomized, double-blind, placebo-controlled trial in the Asia-Pacific region found that median OS was 6.5 months in patients treated with sorafenib, compared with 4.2 months for those who received placebo (Cheng et al., 2009). Therefore, sorafenib was recommended to be used with caution in patients classified as Child-Pugh A (Omata et al., 2017). Although sorafenib has improved the survival rate of the patients with advanced HCC, it still cannot disguise the disappointing prognosis. So, regorafenib, a novel multi-kinase inhibitor, came into being, which has more potent inhibitory activities against multiple angiogenic pathways and oncogenic pathways than sorafenib (Wilhelm et al., 2011). Some research studies suggested that sequential therapy with sorafenib and regorafenib can be considered to prolong survival time. In the pivotal RESORCE trial, researchers reported median OS, median PFS, and median time to progression (TTP) of 10.6, 3.1, and 3.2 months, respectively (Bruix et al., 2017). A multicenter retrospective study in Japan described the median OS, PFS, and TTP in patients who received sequential therapy with sorafenib and regorafenib for advanced HCC to be 17.3, 6.9, and 6.9 months, respectively (Ogasawara et al., 2020). Another real-world sequential therapy program with sorafenib and regorafenib for advanced HCC conducted in Korea observed median OS, PFS, and TTP of 10.0, 2.7, and 2.6 months, respectively (Lee et al., 2021). Asia-Pacific guidelines also recommended regorafenib as a second-line treatment (Omata et al., 2017).
Due to treatment advancement, immunotherapy is an emerging area. A major breakthrough included antibodies targeting negative regulators of T cells, which restore the cytotoxic ability of T cells to destroy tumor cells by blocking the programmed death (PD)-1 receptor. Camrelizumab is one of the PD-1 inhibitors, which was made in China. In a multicenter, open-label, parallel-group, randomized, phase II trial, the researchers reported that objective response occurred in 14.7% of 217 patients and the overall survival probability at 6 months was 74.4% (Qin et al., 2020). Moreover, some studies reported that camrelizumab combined with target therapy or chemotherapy can synergistically increase efficacy in advanced HCC (Qing et al., 2021). Wei F et al. demonstrated that the median PFS of the lenvatinib plus camrelizumab group was significantly longer than that of the lenvatinib group (8.0 vs 4.0 months). Additional, lenvatinib plus camrelizumab had the higher ORR (28.57% vs 7.41%) and disease control rate (DCR) (71.43% vs 51.85%) (Wei et al., 2021). Yuan G et al. compared the efficacy and tolerability of camrelizumab and apatinib (C + A) for HCC patients with PVTT. They described that the ORR and DCR were 44.0% and 75.0%, respectively and thought C + A was a promising treatment for HCC with PVTT (Yuan et al., 2020). A multicenter phase Ib/II study about camrelizumab combined with FOLFOX4 for advanced HCC found that the ORR and DCR were 29.4% and 79.4%, respectively. The median duration of response (DOR), PFS, and OS were 6.9, 7.4, and 11.7 months, respectively (Li et al., 2021).
Regarding conversion therapy, there are still some difficult questions to answer, and one is how long the treatment is needed in order to judge the effect. An expert consensus believes that ICIs combined with TKIs have a high surgical conversion rate, and patients with effective treatment generally can be successfully converted after 3-7 treatment cycles (about half a year) (Alliance of Liver Cancer Conversion Therapy et al., 2021; Professional Committee for Prevention and Control of Hepatobiliary and Pancreatic Diseases of Chinese Preventive Medicine Association, 2021). Surgical indications include the following: Child-Pugh grade A or B liver function; adequate residual liver volume after resection, non-cirrhotic patients ≥35% standard liver volume, and cirrhosis patients ≥45% standard liver volume; ICG 15-min tributary rate <20%; the outflow and inflow tract of the liver were intact after the operation; the biliary tract structure was intact after the operation, and the drainage was smooth; the ECOG-PS score was 0–1; and the ASA rating was not higher than 3 (Alliance of Liver Cancer Conversion Therapy et al., 2021; Professional Committee for Prevention and Control of Hepatobiliary and Pancreatic Diseases of Chinese Preventive Medicine Association, 2021). Another question is whether it is still necessary to use a conversion therapy regimen after surgical resection. If it needs to be used, how long will it continue? One expert consensus suggests that ICIs or ICIs combined with TKIs should continue to be given for 6–12 months from 1 month after surgery (Professional Committee for Prevention and Control of Hepatobiliary and Pancreatic Diseases of Chinese Preventive Medicine Association, 2021). Another expert consensus thinks that we can choose the original plan or part of the drug adjuvant treatment in the original plan as appropriate for >6 months. If there is no tumor recurrence and metastasis after two consecutive imaging examinations, and the tumor markers remain normal for 3 months, consider stopping the drug (Alliance of Liver Cancer Conversion Therapy et al., 2021).
Our case reports a patient who was diagnosed with advanced HCC with PVTT and lung metastasis, and successfully implemented conversion therapy. The patient underwent 1 year of conversion therapy, which is far beyond the guideline and previous reports of half a year of conversion therapy. According to previous reports, if patients do not receive effective treatment, the survival time is less than 3 months. However, we used chemotherapy combined with targeted therapy and immunotherapy, and then the patient successfully underwent radical surgery and survived for 6 months without recurrence. For all patients with advanced HCC, this promising result indicates an important step toward a new paradigm of systemic therapy for advanced HCC, and also shows that advanced liver cancer treatment also has the option of radical surgery. Especially, we suggest if the patient is unable to undergo radical surgery and is in a good general condition, the conversion therapy should be as long as possible, which is different from current opinions.
CONCLUSION
Now that the treatment of liver cancer has entered the era of targeted therapy combined with immunotherapy, the results obtained from our case show that conversion therapy is promising for tumor control. However, HCC is still a complex disease that requires continuous hard work to improve its prognosis. Further studies are needed to confirm our findings.
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-1.329
-1.105
-0.904

OR value

2323
0.265
0.331
0.405

95%Cl

1.196-4.512
0.121-0.580
0.169-0.647
0.218-0.750

p value

0013
0.001
0.001
0.004

pvalue

1.720
-1.657
-2.187
-1.657

OR value 95%Cl
5.583 1.808-17.240
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0.118 0.036-0.387
0.191 0.059-0.614

p value

0.003
0.005
<0.001
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Clinicopathological characteristics

Agelyears)
Gender

AFP (ug/L)

Hepatitis virus infection
Alcoholic hepatitis
Child-Pugh

Cirrhosis

Tumor size (om)
Vascular invasion
Tumor stage

Tumor differentiation

H < .05,

<60
>60
Male
Female
<400
>400
Yes
No
Yes
No

BIC
Yes
No
<5
>5
Yes
No
n
v
HighvModerate
Low

TMCO1-AS1 expression

Low (N = 33)

20
13
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5
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1
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6
13
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1
17
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9
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7
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24
9
19
14

High (N = 33)

22
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4
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26
7
10
23
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2
16
17
12
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16
17
14
19
1
22

262

129

4927

.096

601

349

061
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6.208
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p value

6088
7198
0264
7569
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4279
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Variable N (%)
Age
<65 221 (69.5)
265 97 (30.5)
Gender
Male 211 (66.4)
Female 107 (33.6)
Smoking Status
Never 154 (48.4)
Current or ever 164 (51.6)
Drinking Status
Never 240 (75.5)
Curentorever 78 (24.5)
Location
Left 186 (58.5)
Right 132 (41.5)
Family history of cancer
Yes 60 (81.1)
No 258 (18.9)
COPD
Yes 16 (5)
No 302 (95)
Tuberculosis
Yes 18(5.7)
No 300 (94.3)
Chemotherapy
Yes 232 (73)
No 86 (27)
Radiotherapy
Yes 40 (12.6)
No 278 (87.4)
LDH
<2744 237 (74.5)
2274.4 81(255)
ALl
<326 191 (60.0)
>32.6 127 (40.0)

Median OS, Months (95% Cl)

30.60 (21.16-40.04)
20.93 (12.78-29.10)

2227 (13.50-31.04)
32.40 (21.60-43.20)

28.13 (19.90-36.38)
22.27 (12.1-32.35)

26.37 (18.00-34.73)
26.2 (12.93-39.50)

28,83 (18.98-38.70)
21.00 (11.74-30.13)

29.4 (17.09-41.71)
25.23 (17.11-33.36)

16.90 (3.64-30.16)
26.37 (18.94-33.79)

14.67 (7.46-21.87)
26.97 (19.95-33.99)

32.40 (25.61-39.20)
14.83 (9.96-19.71)

18.4 (11.90-24.91)
28.13 (19.66-36.61)

31.53 (24.75-38.32)
16.60 (12.81-20.39)

19.23 (13.39-25.00)
39.97 (33.51-46.43)

P

023
047
095
080
038
040
035
044

0003
023

0013

0.003
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Variable

Age
265
265
Gender
Male
Female
Smoking Status
Never
Current or ever
Drinking Status
Never
Current o ever
Location
Left
Right
Family history of cancer
Yes
No
CoPD
Yes
No
Tuberculosis
Yes
No
Chemotherapy
Yes
No
Radiotherapy
Yes
No
LDH
<2744
>274.4

ALI <326
134 (70.2)
57 (29.8)

135 (70.7)
56 (29.3)

90 (47.1)
101 (52.9)

147 (77.0)
44 (23.0)

118 (61.8)
73(38.2)

37 (19.4)
154 (80.6)

8(4.2)
183 (95.8)

14(7.8)
177 (92.7)

132 (69.1)
59 (30.9)

25 (13.1)
166 (86.9)

127 (66.5)
64 (33.5)

ALl 2326
87 (68.5)
40 (31.5)

76 (59.8)
51 (40.2)

64 (50.4)
63 (49.6)

93(73.2)
34 (26.8)

68 (53.5)
59 (46.5)

23 (18.1)
104 (81.9)

8(6.3)
119 (93.7)

431)
123 (96.9)

100 (78.7)
27 (21.9)

15 (11.8)
112 (88.2)

110 (86.6)
17 (13.4)

0.75

0.045

0.67

0.45

0.14

0.78

0.40

o1

0.06

0.74

<0.001
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Variables

Gender
Male
Female
Chemotherapy
No
Yes
LDH
<274.4
2274.4
ALl
>32.6
<32.6

Hazard Ratio

0.90
0.67

1.33

1.39

95% CI

0.67-1.22
0.49-0.91
0.96-1.83

1.03-1.89

0.50
001
0.08

0.03
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Variables Cases (%)

Age, year

<60 30 (76.9%)

260 9(23.1%)
Sex

Male 36 (92.3%)

Female 3(7.7%)
Liver cirthosis

no 34 (87.2%)

yes 5 (12.8%)
HBsAg

Negative 10 (25.6%)

Positive 29 (74.4%)
HBV-DNA, 1U/ml

<100 21 (53.8%)

2100 18 (46.2%)
Tumor size, om

<5cm 10 (25.6%)

>5em, <10 om 12 (30.8%)

>100m 17 (43.6%)
Tumor number

single 20 (51.3%)

multiple 19 (48.7%)
Extrahepatic metastasis

no 32 (82.1%)

yes 7(17.9%)
PVTT

no 26 (66.7%)

yes 13 (33.3%)
MVI

no 22 (56.4%)

yes 17 (43.6%)
AFP, ng/mi

<200 17 (43.6%)

2200 22 (56.4%)
BCLC stage

A 16 (41.0%)

B 9 (23.1%)

c 14 (35.9%)
Edmondson-Steiner grade

I 24 (61.5%)

11 6 (15.4%)

] 8 (20.5%)

v 1(2.6%)

HBV: Hepatits B virus; PVTT: portal vein tumor thrombus; MVI: microvasculr invasion;
AFP: alpha fetoprotein; BCLC: barcelona dlinic liver cancer.
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Description

CD8+ T cell
T cell (general)
B cel
Monocyte
TAM

M1
Macrophage

M2

Macrophage

Neutrophils

Natural killer cell

Dendritic cell

Th1

Th2

Tt

Th17

Treg

T-cell exhaustion

Cor, R-value of Spearman’s correlation; TAM, tumor-associated macrophage

" < 0.05: *'p < 0.01.

Gene markers

CDeA

coeB

felstn)

CD3E

cp19

Cco79A

cpes

CD115 (CSFIR)
coL2

cDes

INOS (NOS2)
IRF5.

cox2 (PTGS2)

CD163

VSIG4
MS4A4A
CDB6b
(CEACAMS)
CD11b (TGAM)
GCR7
KIR2DL1
KIR2DL3
KIR2DL4
KIR3DL1
KIR3DL2
KIR3DL3
KIR2DS4
HLA-DPB1
HLA-DQB1
HLA-DRA
HLA-DPA1
BDCA-1 (CDIC)
BDCA-4 (NRP1)
CD11c (TGAX)
T-bet (TBX21)
STAT4

STAT1

IFN-y (IFNG)
TNF-a (TNF)
GATA3

STAT6
STAT5A

IL13

BCL6

121

STAT3

L17A

FOXP3

CCR8
STATSB

TGFp (TGFB1)
PD-1 (PDCDY)
CTLA4

LAG3

TIM-3 (HAVCR2)
GZMB

Cor

0.203398
0.200194
0.262876
0.175419
0.286148
0.154896
0.265267
0.132829
0.039289
0.197832

-0.0387
0.434875
0.041373

0.04255
0.053858
0.050356

0.154884
0.252297
0.043555
-0.00925
0.122901
0.215475
0.050247
0171911
0.094199
0.044908
0.169081
0.162709
0.152419
0.112032
0.118305
0.200391
0.279898
0.063403
0.233002
0.364553
0.275613
0.222424
0.152103
0.132692
0.274166
0121788
0.169588
0.192633
0.087206
0.084484
0.137818
0.339772
0.302215
0.268872
0.329187
0.316216
0.318865
0.264626
0.102434

p-Value

8.22E-05
0.000103
3.09e-07
0.000701
2.01E-08
0.002776
2.40E-07
0.010477
0.450371
0.000129

0.457349
0
0.426875

0.413647
0.300694
0.333247

0.002778
9.28E-07
0.402704
0.859044
0.017873
2.84E-05
0.334464
0.000885
0.069939
0.388409
0.001094
0.001684
0.003278
0.03102
0.022664
0.000105
4.78E-08
0.222987
6.11E-06
5.76E-13
6.83E-08
1.63E-05
0.003344
0.010657
9.09E-08
0.018944
0.001056
0.000189
0.093487
0.104228
0.007895
1.77E-11
3.41E-09
1.62E-07
7.96E-11
4.64E-10
4.10E-10
2.57E-07
0.048696

P Star
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Genes

TIGIT
CD274
HAVCR2
PDCD1LG2
SIGLEC15
LAG3
CTLA4
PDCD1

Cor

0.267
0171
0.217
0.116
0.070
0.302
0.296
0.324

p-value

1.548e-07
0.0009
2.408e-05
0.024
0175
2.427e-09
5.405e-09
1.456e-10
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LMS (n = 20)

DDLPS (n = 17)

UPS (n = 8)
ASPS (n = 7)
MFS (n = 7)

AS(n=2)

ICls (n = 21)

05
0%
06
0%
215
40%
0/4

Q
lolog@

ICls + TKIs (n = 40)

115
6.7%
411
36.3%
1/3
33.3%
2/3
66.7%
37
42.9%
12
50%

Total (n = 60)

1/20
5%
ant
23.5%
3/8
37.5%
27
28.6%
37
42.9%
12
50%
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PR

sD

PD

mPFS

ICls (n = 21)

2121
9.5%
14/21
66.7%
521
238%
7 (2-19)

ICls + TKIs (n = 40)

12/40
30.0%
25/40
62.5%
3/40
7.5%
12 (2-NA)

Total (n = 61)

14/61
23.0%
39/61
63.9%
8/61
13.1%
9 (2-NA)

p-Value

0.07
0.75

0.07
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ICls (n = 21) ICls + TKIs (n = 40) Total (n = 61) p-Value

Gender - - - 0227
Female 12 22 1/20 -
Male 9 18 5% -

Age (average, years) 48 48 nt -

Primary tumor location - - - 0377
Retroperitoneum 15 24 39 -
Heart 0 2 2 -
Uterus 2 5 7 -
Extremities 2 5 7 -
Others 2 4 6 -

Chemo treatment - - - 0485
Gemcitabine 5 14 19 -
Anthracyclines 5 10 15 -
Dacarbazine 2 2 4 -

Best response - - - 0071
PR 2 12 14 -
sD 14 25 39 -
PD 5 3 8 -

immunotherapy - - - 0297
PD-1 inhibitor 21 38 58 -
PD-L1 inhibitor 0 2 2 -

PD-L1 status - - - 0.114
Positive 8 8 16 -
Negative 4 13 17 -

FNCLCC - - - 0.356
] 4 12 16 v
1] 17 28 45

Histological grade - - - 0262
Grade I 4 4 8 -
Grade 9 22 31 -
Unknown 8 14 22 -
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Variables Numbers (n = 106) Percent (%)

Age(years)
>40 8 783
<40 23 217
Molecuiar subtype
HR + HER2() 46 434
HER2 (+) 49 462
TNBC 1 10.4
NAT efficacy
pCR 26 245
Non-pCR EY 755
Nomogram prediction
high TiLs group 80 755
low TILs group 26 245

Abbreviation: ER, estrogen receptor; PR, Progesterone receptor; AR, androgen
receptor; HER2, Human epidermal growth factor receptor 2. HR + HER2-, ER+/PR+,
HER2~, HER2+, ER + -, PR + -, HER2+; TNBC, ER-, PR-, HER2~. pCR: Pathological
complete response, TILs: tumor-infiltrating lymphocytes.
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Low TILs (<10%) n (%)

Age =
<40 84 (14)
>40 523 (86)

Sex -
Female 604 (100)
Male 30

BMI N
=28 71(12)
<28 536 (88)

Blood group -

A 170 (28)
B 152 (26)
o 209 (34)
AB 42(7)
Unknown 34

Blood Rh A
+ 571 (94)
- 20
Unknown 34

Location i
Left side 304 (50)
Right side 303 (50)

Histology -
Invasive Ductal 546 (90)
Others 61 (10)

Histological grade -
| 142
I 378 (62)
1 182 (30)
Unknown 33

N stage =
NO 343 (57)
N1 155 (26)
N2 61 (10)
N3 38(6)
Unknown 10

T stage -

T 420 (69)
T2 178 (29)
3 5(1)
T4 4(1)

TNM -

I 279 (46)
I 216 (36)
n 102 (17)
Unknown 10

Hypertension =
No 569 (94)
Yes 38 (6)

Diabetes et
No 578 (95)
Yes 205

‘P < 0.05, statistically significant.
a Chi-square test; p < 0.05 was considered statisticaly significant.
Abbreviation: BMI, body mass index.

High TILs (>10%) n (%)

a0 (18)
180 (82)
219 (100)
0
12(8)
207 (95)

67 (31)
6 (21)
78 (26)
16(7)
12
206 (94)
10
12
109 (50)
110 (50)
200 (91)
1909
10
78 (37)
134 (61)
6
109 (50)
73(33)
26/(12)
10(5)
1
145 (66)
69 (32)
5(2)
0
82(37)
98 (45)
38(17)
1
207 (95)
12(5)
211 (96)
8(4)
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Low TILs (10%) n (%) High TILs (-10%) n (%) p Value

ER - - <0.001
- 81 (13) 81(37) -
+ 526 (87) 138 (63) -
PR - - <0.001
- 93 (15) 84 (38) -
+ 514 (85) 135 (62) -
AR - - <0.001
- 25 (4) 31(14) -
+ 582 (96) 188 (86) =
HER2 - - <0.001
- 463 (76) 131 (60) -
+ 144 (24) 88 (40) -
Ki67 - - <0.001
1-25% 293 (48) 45 21) ~
26-50% 215 (35) 80(37) -
51-75% 76 (13) 63 (29) -
76-99% 234 31 (14 -
Molecular subtype - - <0.001
HR + HER2(-) 440 (72) 100 (46) -
HER2(+) 44 (24) 88 (40) -
TNBC 25 (4) 31(14) -
Peri-tumor vasoular invasion - - 0039
+ 183 (30) 83(38) -
- 424 (70) 135 (62) =
Unknown 0 1 -
Peri-tumor nerve invasion - - 0.009
+ 109 (18) 22(10) -
- 498 (82) 196 (89) -
Unknown 0 1 -

'p < 0.05, statistically significant.
aChi-square test; p < 0.05 was considered statistically significant.; Abbreviation: ER, estrogen receptor; PR, Progesterone receptor; AR, androgen receptor; HER2, Human epidermal
growth factor receptor 2. HR + HER2-, ER+/PR+, HER2-,: HER2+, ER + -, PR + -, HER2+: TNBC, ER-, PR-, HER2-.
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LDLC
CHO
TBA
TBIL
G
DBIL
ApOA1
ApoB
IBIL
HDL.C
LDH
UREA
UA
™
GLOB
AG
ALB
ALP
P
CRE
CK
CHE
CYcs
Ca
SAA
GLU
ALT
GGT
ASAL
AST

Low TiLs (<10%) N = 596 Median (Mi

3.11(1.00-6.33)
4.94 (2.65-8.36)
3.60 (0.20-137)
107 (2.50-32.8)
1.17 (0.38-8.51)
310(0.50-8.90)
1.48 (0.92-2.58)
0.92 (0.40-1.86)
7.60 (1.40-24.3)
1.40 (0.65-2.86)
158.40 (97.20-451.60)
460 (1.80-15.20)
298.25 (94.00-609.40)
72,67 (58.57-87.23)
29.02 (20.00-42.23)
1.50 (0.99-2.26)
43.45 (34.70-51.60)
67.30 (23.90-156.10)
1.15 (0.77-1.75)
53.10 (28.80-337.80)
65.00(19.00-578.00)
8,010(3,839-15,194)
0.82 (0.49-4.93)
2.25 (1.96-2.54)
5,80 (0.50-104.60)
5.15 (3.98-19.05)
13.90 (2.90-623.40)
17.20 (4.60-159.90)
1.16(0.39-5.28)
16.70 (9.20-283.10)

High TILs (>10%) N = 215 Median (Min-Max)

3.05 (0.90-5.43)
4.93 (2.05-8.62)
3.40 (0.40-51.60)
10.2 (2.20-39.00)
1.15 (0.31-8.19)
2.90 (0.30-11.60)
1.49 (0.79-2.39)
091 (0.37-1.63)
7.20 (0.40-27.40)
1.37 (0.71-2.90)
159.40 (68.80-333.70)
4.60 (1.90-10.90)
298.50 (137.10-551.00)
73.18 (54.40-85.42)
29.77 (21.30-39.38)
1.47 (1.07-2.00)
43.70 (36.80-51.60)
67.70 (30.00-145.90)
1.18 (0.43-1.92)
54.40 (36.20-117.10)
67.00 (15.00-415.00)
8244 (4,179-15,287)
0.83 (0.60-1.57)
2.28(1.51-257)
5.90 (0.10-380.64)
5.13 (4.20-11.50)
14.00 (1.00-70.90)
16.50 (6.00-857.70)
1.18 (0.51-13.40)
17.00 (9.80-66.50)

p Value

0.722
0.998
0.729
0033
0617
0.148
0.953
0.842
0.018
0.832
0471
0.583
0.830
0.020
0.019
0.110
0.403
0.382
0.006
0.095
0.858
0207
0374
0.011
0.888
0370
0.955
0253
0.421
0.383

Abbreviation: LDL, very low density ipoprotein; CHO, cholesterol; TBA, total bile acid; TBIL, total bilrubin; TG, trighycerice; DBIL, direct biliubin; ApoAl, Apolipoprotein A1; ApoB,

Apolipoprotein B IBIL, Indirect bilrubin; HDL.C, high density lpoprotein; LDH, low density lipoprotein; UREA; UA, uric acid; TP, total protein; GLOB, Globulin; AG, Anion gap; ALB,
albumin; ALP, alkaline phosphatase; IP,inorganic phosphorus; CRE, creatinine; CK, Creatine kinase; CHE, cholinesterase; CYCS, Cystatin C; Ca,calcium; SAA, Serum amyloid A protein;
Glu, glucose: ALT, Alanine aminotransferase: GGT, glutamyl transferase: AST, aspartate aminotransferase.
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BMI
<28

228

Tumor differentiation
|
[
i

ER

PR

HER2
Negative
Positive

Ki67

TBIL

BIL

P

Ca

GLOB

™

OR (95%Cl) (univariate)

1
0.955 (0.902-~1.009)

1
2.163 (0.409~39.914)
8.326 (1.584~153.353)
0.981 (0.977~0.986)
0.983 (0.978~0.987)

P
2.024 (1.386~2.951)
1.030 (1.022~1.038)
0.939 (0.897~0.981)
0.916 (0.862-0.97)

5.569 (1.65~19.271)
5.565 (0.932~34.63)
1.060 (1.006~1.117)
1.045 (1.006~1.085)

0.105

0.464
0.044
<0.001
<0.001

<0.001
<0.001
0.006
0.003
0.006
0.063
0.028
0.023

OR (95%C) (multivariate)

il
1.269 (0.231~23.705)
2.510 (0.437~47.607)
0.987 (0.982~0.992)

1.010 (0.999~1.020)
0.906 (0.845~0.966)
4.462 (1.171~17.289)

1.053 (1.01~1.098)

0.823
0.395
<0.001

0.080

0.004
0.029

0.016

Abbreviation: BMI, body mass index; ER, estrogen receptor; PR, Progesterone receptor; AR, androgen receptor; HER2, Human epidermal growth factor receptor two; TBIL, total bilrubin;
GLOB, Globulin: IP, inorganic phosphorus; TP, total protein; IBIL, Indirect bilirubin; Ca, calcium.
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Characteristic

Age(years)

Sex
Family history of CRC
BMikg/m?)

Smoking

Drink

Lymph node ratio

Location

Differentiation

TNM stage

Cea (ng/mi)

Ca199 (ng/mi)

Circumferential margin

Vascular cancer
embolus
Nerve infiltration

postoperation
radiotherapy
neoadjuvant

DIR.LDH

<65
=65

Male
Female
No
Yes
<25
=25
No
Yes
No
Yes
<0.07
20.07

Left colon
Right
colon
Rectal
Poor
Moderate
well

ESERECIN

<85

<355
2355

No
Yes
No
Yes
No
Yes
No
Yes

Yes

[

458
244

444
258
611
91
537
165
479
223
552
145
450
252

125
419

168
96

531

75

76
237
256
133

367
335

517
185

668
14
500
202
550
152
660
42
212
490
535
144
23

Disease-free survival

Overall survival

Univariate analysis
HR (95%Cl)

1
0.978 (0.740-1.293)

1

0.873 (0.660-1.153)
1

0.908 (0.621-1.327)
1

0.910 (0.662-1.250)
1

0991 (0.747-1.315)
1
1.223(0.895-1.670)
|
2.819 (2.158-3.683)

1

0.904 (0.772-1.060)
T

0513 (0.393-0.670)

1

2.206 (2.452-3.491)

1
2.586 (1.954-3.421)

1
2.639 (2.019-3.450)

1
2.821 (1.446-5.503)
1

1.589 (1.206-2.094)
1

1.677 (1.253-2.245)
1

1.501 (0.915-2.464)
1

2.147 (1.524-3.025)
1

1.907 (1.526-2.383)

P

0878

0339

0617

0.560

0962

0.206

<0.001

0214

<0.001

<0.001

<0.001

<0.001

0.002

<0.001

<0.001

0.108

<0.001

<0.001

Multivariate
analysis® HR
(95%Cl)

3
1.283
(0.965-1.706)

0693
(0.523-0.918)
1

2180
(1.777-2.673)
1
1.466
(1.084-1.982)
1
1.679
(1.190-2.004)

1.257
(0.993-1.590)

0.086

0.011

<0.001

0.013

0.002

0.057

Univariate analysis
HR (95%Cl)

1
1.398 (0.982-1.989)

1

0.861 (0.595-1.247)
1

1.262 (0.724-2.199)
1

0.935 (0.618-1.415)
il

0.958 (0.660-1.390)
1
0.938(0.609-1.447)
1
4774 (3.273-6.964)

1

0.808 (0.661-0.989)
1

0.568 (0.401-0.803)

1

3.166 (2.495-4.017)

i
2.869 (1.962-4.196)

1
2.678 (1.888-3.798)

1
4212 (2.056-8.628)
3

1.233 (0.847-1.794)
1

1.539 (1.046-2.266)
1

1.346 (0.683-2.654)
1

1.282 (0.859-1.914)
1

2.250 (1.710-2.960)

P

0.063

0.429

0.412

0.750

0.821

0.774

<0.001

0.039

<0.001

<0.001

<0.001

<0.001

<0.001

0.274

0.029

0.391

0.224

<0.001

Multivariate P
analysis® HR
(95%Cl)

1 0.047
1.435
(1.005-2.047)

1 <0.001
25503
(1.690-3.708)

2.307
(1.737-3.063)
1 0.023
1.588
(1.085-2.370)

1 0.016

1.433
(1.069-1.920)

*The multivariate Cox regression model included DIR.LDH, lymph node ratio, differentiation, TNM stage, circumferential margin, vascular cancer embolus, nerve infiltration, CEA, CA199

and neoadjuvant.

“The multivariate Cox regression model included DIR.LDH, lymph node ratio, location, differentiation, TNM stage, circumferential margin, nerve infiltration, CEA, CA199 and age.
Abbreviation: CEA: carcinoembryonic antigen; CA199: carbohyarate antigen 19-9; DIR: direct biliubin/indlirect billrubin; LDH: lactate dehyarogenase; DIR. LDH: the combination of DIR

and [ DH.
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Agelyears)

Sex

Family history of CRC
BMikg/m2)

Smoking

Drink

Lymph node ratio

Location

postoperation radiotherapy

TNM stage

Cea (ng/mi)

Ca199 (ng/mi)
Gircumferential margin
Vascular cancer embolus
Nerve infitration

Differentiation

neoadjuvant

<65

265

Male
Female
no

yes

<25

225

No

Yes

No

Yes
<0.07
20.07
Left colon
Right colon
Rectal

No

<385
235
<355
235.5
No
Yes
No
Yes
No
Yes
Poor
Moderate
Well
No
Yes

DIR.LDH

o

353 (50.2)
182 (25.9)
345 (49.1)
190 (27.1)
469 (66.8)
66 (9.4)
404 (57.5)
131 (18.7)
351 (50.0)
184 (26.2)
414 (88.9)
121 (17.2)
353 (50.3)
182 (26.0)
87 (12.4)
339 (48.9)
109 (15.5)
504 (71.8)
31 (4.4)
63 (9.0)
194 (27.6)
211 30.1)
67 (9.5)
308 (43.9)
227 (32.3)
413 (58.8)
122 (17.4)
527 (75.1)
8(1.1)
383 (54.6)
152 (21.6)
412 (58.7)
123 (17.5)
68(9.7)
408 (58.1)
59 (8.4)
166 (23.4)
369 (52.6)

1

93 (13.2)
51(7.3)
84.(12.0)
60 (8.5)
122 (17.4)
22(3.1)
116 (16.5)
28(4.0)
107 (15.2)
37 6.9)
27 38)
17 (16.7)
84 (12.0)
60 8.5)
3762
32(4.6)
39 (5.6)
134 (19.1)
10 (1.4)
1(1.6)
39 (65.6)
4469
50 (7.1)
54(7.7)
90 (12.8)
94(13.4)
50 (7.1)
140 (20.0)
4(06)
103 (14.7)
4168
121 (17.2)
2333
19 2.7)
110 (15.7)
15 (2.1)
39 (65.6)
105 (15.0)

2

15 (2.1)
8(5.5)
12(1.7)
1(1.6)
20 2.8)
305
17 (2.4)
6(09)
2130
2(03)
2130
2(337)
13(1.9)
10(1.3)
5(0.7)
8(1.1)
10(6.6)
22(3.1)
102
203
4(06)
1(0.1)
16 (2.2)
5(0.7)
18 (2.6)
10 (1.4)
13(1.9)
2130
202
14(20)
9(1.3)
17 (2.4)
6(09)
9(1.3)
13(1.9)
1(0.1)
709
16 (2.5)

0.389

0.389

0.461

0.429

0.007

0.122

0.176

<0.001

0.845

<0.001

<0.001

<0.001

0.027

0.537

0273

0.032

0.658

Abbreviation: CEA, carcinoembryonic antigen; CA199, carbohyarate antigen 19-9; DIR, direct biliubin/indirect billrubin; LDH, lactate dehyarogenase; DIR.LDH, the combination of DIR

and [ DH.
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ACO16717.2

DDX11-AS1

LINCO0462

ZFPM2-AS1

GAPDH

Forward:5'-GATGCTGATGCTGCCTGTCCATAG-3'
Reverse:5'-ATGCTGTGCTGTTGGTCTCTGAAG-3"
Forward:5'-CTGGCTACTCTTCCTCCTGG-3"
Reverse:5'-CAGAGGACATGTGGGAGGTT-3
Forward:5'-ACTAGGTCCTTCTGGTGTT-3"
Reverse:5'-GTAAAACTTGCTGCTGATG-3"
Forward:5'-GGTGGCACCTGAAATCACAGA-3"
Reverse:5'-TGCAAGATGACGCTCAGTCG-3'
Forward:5'-TCGGAGTCAACGGATTTGGT-3'
Reverse:5'-TTCCCGTTCTCAGCCTTGAC-3'
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pralve Hazar ato
c
DDX11-AST <0001  1.026(1.015-1.037) ——

ZFPM2AST 0003 1.001(1.000-1.001)

ACO16717.2 <0001 1003(1.001-1004) [

UNCOE2 <0001 1.031(1.015-1048) —
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