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The existence of intratumoral tertiary lymphoid structure (iTLS) has been reported to correlative with favorable clinical outcomes for patients with hepatocellular carcinoma (HCC). However, little is known about the role of peritumoral TLS (pTLS). This study aimed to investigate the prognostic role of pTLS either alone or jointly with iTLS and the potential association with local immune response in HCC. The formation and cellular composition of TLS was evaluated by hematoxylin & eosin and immunohistochemistry. Evaluation of tumor-infiltrating immune cells and formation of germinal center (GC) inside TLS was performed by immunohistochemistry. The gene expression profiles were analyzed by real-time PCR. In a total of 360 patients from two independent cohorts, the pTLS was identified in most, whereas iTLS could be observed in only approximately 30% of HCC specimens. Patients with high pTLS densities were associated with improved outcomes, those present with characteristic morphology of GC, particularly, showing an even better prognosis. The combination of pTLS and iTLS allowed the identification of patients with best prognosis. Tumors with high pTLS density showed significantly increased expression of Th1-, Th17- and immune suppression-related genes, as well as significantly higher infiltration of CD3+, CD8+ and CD20+ cells and lower infiltration of FOXP3+, CD68+ and PD1+ cells. Conclusively, we provide evidence that pTLS is associated with intratumoral immune infiltration, highlighting the dynamic interplay between pTLS and immune cells recruitment. High pTLS density links to a tumor microenvironment with an active immune reaction and improved patient survival and represents a promising prognostic biomarker for HCC.
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Background

Hepatocellular carcinoma (HCC) is the sixth most common human cancer, causing for the fourth most cancer-related mortality globally (1). The prognosis of HCC patients remains poor due to rapid progression and frequent incidence of recurrence (2). It is necessary to elucidate the histological features more profoundly to identify effective therapeutic strategies against HCC progression. Given the established significance of host immune system and tumor microenvironment regarding tumor initiation and development, mounting studies have investigated the influence of tumor-infiltrating lymphocytes (TIL) on patients’ clinical outcomes in various malignancies (3, 4). Apart from TIL, recent evidence demonstrated that the spatial organization of immune cells also played a major role in determining tumor invasion and metastasis (5, 6).

Tertiary lymphoid structures (TLSs) are ectopic lymphoid organs that exhibit similar morphological, cellular, and molecular properties to secondary lymphoid organs, especially lymph nodes (7). The formation of TLS was observed in autoimmune diseases, allograft rejection and non-lymphoid tissues at sites of chronic inflammation including tumors (8, 9). Tumor-associated TLS, characterized by B cell lymphoid follicles with or without germinal centers, T cell-rich zones, and specialized vessels known as high endothelial venules (HEVs), provide necessary specialized vasculature and chemoattractant, allowing for immune cells infiltration (10, 11). A high density of TLS-associated mature dendritic cell (DC) correlated closely to a strong infiltration of T cells as well as expression of genes related to T-cell activation, T-helper 1 (Th1) phenotype, and cytotoxic orientation (12). In addition, the HEVs could specially express peripheral node addressin and L-selectin ligands (11, 13). CXCL13 expressed by follicular DCs facilitates B cells into tumor and formation of germinal center, while CCL19 and CCL21 are crucial for recruitment of T cells and DCs, favoring lymphoid neogenesis (14, 15). Accumulating evidence have shown that the presence of TLS, whether in tumor core or peritumoral areas, correlated with favorable clinical outcomes in various cancers, including breast cancer, colorectal cancer and lung cancer, and tumor-infiltrating immune cells (5, 16, 17). However, dual role of TLS has been reported in HCC. Finkin et al. demonstrated that TLSs located in the non-tumoral liver tissue served as niches for malignant hepatocyte progenitors and correlated with an elevated risk of late HCC recurrence (18). In contrast to the findings obtained in the non-tumor liver tissues, intratumoral TLSs (iTLS) were predictive of a decreased risk of early relapse (19). We also investigated the presence of iTLS in HCC tissues and their correlation with clinical outcomes, and found the presence of iTLS correlated with decreased risk of early tumor relapse as well as facilitating immune cells infiltration (20).

As mentioned above, studies in HCC mainly focused on TLS intratumorally, thus, to a certain extent, neglecting their role when they located peritumorally (adjacent to the infiltrative tumor border). In this study, we investigated the presence and density of TLS in HCC intratumoral or peritumoral tissues and their association with tumor-infiltrating immune cells and cytokine milieu. High pTLS density was significantly correlated with active immune reaction and favorable patient survival. Additionally, pTLS facilitated an active immune reaction and various immune cells infiltration.



Material and Methods


Patient Cohorts and Samples

Samples were collected from patients who underwent initial surgical resection for HCC in West China Hospital between 2009 and 2013. Exclusion criteria were as follows: preoperative anti-cancer therapies, such as radiofrequency ablation, transarterial chemoembolization and chemotherapy; mixed tumor histology; extrahepatic metastasis at the time of diagnosis. Patients passed the exclusion criteria were selected for analysis and reviewed for their clinicopathological data (training cohort, n=240). The baseline characteristics are summarized in Table 1. Patients were followed-up in outpatient clinic per 3 months during the first postoperative year and 6-12 months thereafter, until December 2018. Besides, we contact those who determined not to go back to the hospital through telephone follow-up survey. The median follow-up period was 60.3 (2.4-111.7) months. Overall survival (OS) was calculated from the date of liver resection to death or, in those alive, to the date of last follow-up. Recurrence-free survival (RFS) was from the date of surgical resection to diagnosis of recurrence or last follow-up.


Table 1 | Baseline characteristics of 240 HCC patients and univariate analysis of factors possibly affecting the survival.



For the validation cohort, samples from HCC patients underwent initial hepatic resection at the Third Affiliated Hospital of Sun Yat-sen University between 2009 and 2012 were collected (validation cohort). Detailed information on clinicopathological features is provided in Supplementary Table 1. Patients were followed-up until February 2019. The median follow-up period was 62.9 (3.1-113.7) months.

This work was performed in accordance with the guidelines of the 1975 Declaration of Helsinki, and approved by the Institutional Review Board of West China Hospital of Sichuan University and the Third Affiliated Hospital of Sun Yat-sen University.



Pathological Examination

Pathological examinations were conducted according to the World Health Organization (WHO) classification by two pathologists who were blinded for patients’ clinical outcomes. Tumor stages were evaluated using the tumor-node-metastasis staging system (TNM, 8th edition) and the Barcelona Clinic Liver Cancer (BCLC) staging system. The maximum cut surface of surgically resected tumor block, containing intratumoral area and peritumoral parenchyma, was used for histological evaluation. The presence and location of TLS was assessed in five serial hematoxylin and eosin (H&E)-stained sections. The evaluation of TLS was performed by a pathologist. Given that several cell types, such as B cell lymphoid follicles, T cell zones and mature DCs, have been frequently used as surrogates for qualification of TLS, the presence of TLS in our sections were confirmed by immunochemical staining of CD3, CD20, CD21, CD23 and DC-LAMP. The mean number of TLS was recorded and used for analysis. The density of TLS was calculated as number/mm2 in intratumoral (within tumor tissue) and peritumoral (5 mm from the infiltrative tumor border) regions. A patient was considered as intratumoral TLS (iTLS) positive if at least one TLS was observed (18, 21). We also evaluated the presence of germinal center (GC) in HCC tissues by staining with CD21 and CD23 in consecutive sections. As previously described, tumor was considered as GC-positive if at least one TLS (pTLS or iTLS) exhibited the characteristic morphology of proliferating centroblasts (9). Peritumoral TLS (pTLS) was stratified into two groups according to the density. The included HCC tissues were classified into four categories based on the frequency of iTLS and pTLS: iTLS absent and low pTLS density; iTLS absent and high pTLS density; iTLS present and low pTLS density; iTLS present and high pTLS density.



Immunochemistry

Formalin-fixed, paraffin-embedded (FFPE) tumor blocks were used for preparation of 4-μm thick serial sections. Immunochemistry and quantitation of tumor-infiltrating immune cells was performed as previously described (22). Briefly, for each section, three areas with highest infiltration density were used for evaluation of representative immune infiltrating cell. At least five fields (20× high-power) per area were evaluated for immune markers. The number of stained cells per 20× high-power field was counted and converted to cell density (cell number/mm2). The quantification of tumor-infiltrating immune cells was performed by the same pathologist. Slides were stained for CD3 (pan T cell), CD8+ T cell, FOXP3 (regulatory T cell), CD20 (B cell), CD68 (macrophage) and CD57. PD1 and PDL1 were also stained in intratumoral immune cells. The details of primary antibodies for immunochemistry and staining conditions are mentioned in Supplementary Table 2.



Gene Expression Analysis

Total RNA was extracted from frozen HCC tissues by using Cell Total RNA Isolation Kit (Foregene, Chengdu, China) in accordance with the manufacturer’s instructions. The first-strand complementary DNA was synthesized using HiScript II Reverse Transcriptase (Vazyme, Nanjing, China). ChamQTM SYBR@ qPCR Master Mix (Vazyme Biotech, Nanjing, China) was utilized for real-time PCR. All the reactions were performed in triplicate and the relative expression levels were normalized by the expression of U6. Primers used in this study were summarized in Supplementary Table 3.



Statistical Analysis

All the statistical analyses were performed by applying SPSS software (version 23.0, SPSS Inc., Chicago, IL, USA), GraphPad Prism software (version 8.0, La Jolla, CA, USA) and MedCalc software (version 15.2.2). The optimal threshold of pTLS density was identified by application of the receiver operating characteristics (ROC) curve. The 5-year survival status was set as the discriminant. In addition, a minimal p-value approach was used to test the determined cut-off. Mann-Whitney U-test was used to investigate continuous variables with unequal variance. The Spearman correlation or Person χ2 test was applied to examine correlations. Multiple hypothesis test was assessed by using Monte Carlo method. The survival curves were plotted using Kaplan-Meier method and tested by log-rank test. Univariate analysis was utilized for evaluation of prognostic factors of OS and RFS. Those found to be significant in univariate analysis were subjected to multivariate regression models (enter method). A two-tailed P < 0.05 was considered statistically significant.




Results


TLS in HCC Tissue

The presence and location of TLS was initially assessed in H&E-stained sections of 240 HCC patients from West China Hospital. TLS was found within tumor tissue (iTLS) or peritumoral region (pTLS) or distant normal liver parenchymal (Figure 1A). iTLS presented in 76 (31.7%) tumors, whereas pTLS were detected in tumor periphery of 228 (95%) patients (Figures 1B, C). We also examined the presence of iTLS relative to pTLS density and found a higher pTLS density in cases presence of iTLS (Figure 1D). Histologically, the TLS contained B cell lymphoid follicles with or without germinal centers, T cell zones, and dendritic cells (DCs), which were arranged in a compartment similar to the organization of a lymph node (Figure 1E).




Figure 1 | Characterization of HCC-associated TLS. (A) Representative images of H&E-stained HCC tissues showing iTLS (black arrowheads and right zoomed-in segment) in tumor tissue and pTLS (yellow arrowheads and right zoomed-in segment) surrounding the HCC tissues. The black dotted line represents the invasive margin of HCC. Scale bar, left 500 μm; right, 50 μm. (B, C) The density of TLS was determined in peritumoral and intratumoral regions in 240 patients with HCC. (D) The density of pTLS was compared between HCC patients present or absent with iTLS. Groups were statistically compared using Mann–Whitney U-test. (E) Representative images showing components and structure of TLS using consecutive sections. Lymphoid aggregates (red dotted lines) in human HCC specimens are composed of CD3+ T cells, CD20+ B cells, CD21+ FDCs, CD23+ GC cells, and DC-LAMP+ mature DCs (arrow). Scale bar, 100 μm. HCC, hepatocellular carcinoma; T, tumor tissue; P, peritumoral tissue; iTLS, intratumoral tertiary lymphoid structure; pTLS, peritumoral tertiary lymphoid structure; FDC, follicular dendritic cell; GC, germinal center; DC, dendritic cell.





The Density of pTLS Predicts Survival

To investigate the prognostic effect of pTLS density on HCC patients, a threshold for separating patients with low and high pTLS densities was examined by using ROC curve (Figures 2A, B). A minimal p-value approach was used to test the determined cut-off and revealed that minimum p value was obtained at 0.28 pTLS/mm2 (Supplementary Figure 1). Kaplan-Meier survival analyses revealed that high pTLS density (> 0.28 pTLS/mm2, n=151) significantly correlated with improved OS and RFS in 240 HCC patients from West China Hospital and 120 patients from the Third Affiliated Hospital of Sun Yat-sen University (Figures 2C, D and Supplementary Figure 2). The presence of characteristic morphology of GC was observed in 106 (44.2%) tumors, showing improved survival outcomes than those without GC (Figure 2E, Supplementary Figure 3). In tumors with high pTLS densities, the presence of GC still correlated with better OS and RFS, suggesting its association with the best prognostic outcomes (Figures 2F, G). Univariate analyses demonstrated a significant correlation between high pTLS density and longer OS (hazard ratio, 0.418; 95% CI, 0.298-0.585) and RFS (hazard ratio, 0.437; 95% CI, 0.306-0.625, Table 1). Among all the significant covariates in univariate analyses, the pTLS density and microvascular invasion (MVI) were the only two independent prognostic factors of both OS and RFS in multivariate Cox regression analyses (Figures 2H, I and Supplementary Table 4). In addition, the positive association between high pTLS density and improved OS and RFS was confirmed by the validation cohort with geographically distinct HCC patients (Supplementary Table 5).




Figure 2 | The density of pTLS correlates with patient survival outcomes. (A), ROC curve analysis was used for identification of optimal cut-off value of pTLS density to separate pTLS-low and pTLS-high tumors with prognostic relevance. (B) Representative images of pTLS in pTLS-low group (<0.28 pTLS/mm2, left panel) and pTLS-high group (right panel) in H&E stained sections. Scale bar, 500 μm. (C, D) Kaplan-Meier curves were used for comparison of OS and RFS among patients with low or high pTLS density in training cohort. Significance was tested by log-rank test. (E) Representative images of GC (+) TLS (left) and GC (-) TLS in human HCC specimens by staining with CD21 and CD23. Scale bar, 50 μm. (F, G) Kaplan-Meier curves for OS and RFS in 151 patients with high pTLS density, according to the presence of GC or not. Significance was tested by log-rank test. (H, I) Multivariate analyses were performed to identify prognostic factors of OS and RFS in 240 HCC patients. pTLS, peritumoral tertiary lymphoid structure; ROC, receiver operating characteristics; AUC, area under curve; OS, overall survival; RFS, recurrence-free survival; GC, germinal center.



We next classified tumors into four categories to investigate prognostic significance of pTLS jointly with iTLS in HCC patients. The results shown that 89 (37.1%) tumors with iTLS absent and low pTLS density were classified as grade 1, 75 (31.2%) with iTLS absent and high pTLS density as grade 2, and 76 (31.7%) with iTLS present and high pTLS density as grade 3 (Figure 3A). No tumors with iTLS present and low pTLS density was found in the entire cohort. Further Kaplan-Meier curve analyses revealed that patients in grade 1 were associated with worst OS and RFS, whereas patients in grade 3 correlated with best prognosis, suggesting a possibly synergistic effect of pTLS and iTLS in predicting survival of HCC patients (Figures 3B, C). The findings were confirmed by the validation cohort of geographically distinct HCC patients (Figures 3D, E).




Figure 3 | TLS grades correlate with patient survival outcomes. (A) Tumors were stratified according to the presence of iTLS and density of pTLS. Given no patient was associated with low pTLS density and presence of iTLS simultaneously, tumors were stratified into three grades. (B–E) Kaplan-Meier curves were used for comparison of OS and RFS among patients stratified by TLS grades in training cohort (B, C) and validation cohort (D, E). Significance was tested by log-rank test. iTLS, intratumoral tertiary lymphoid structure; pTLS, peritumoral tertiary lymphoid structure; OS, overall survival; RFS, recurrence-free survival.





Association Between pTLS and Clinicopathologic Features and Immune Microenvironment

Correlations between pTLS and clinicopathological characteristics were further analyzed. Higher numbers of patients with high pTLS density were detected among those with lower TNM stages, lower BCLC stages, absence of MVI, solitary tumor and smaller tumor size (Figure 4A), suggesting a correlation between pTLS density with better prognosis.




Figure 4 | The density of pTLS correlates with clinicopathological features and tumor immune microenvironment. (A) pTLS-low or pTLS-high tumors in total HCC patients and in groups of patients stratified by clinicopathological features. (B) Expression of genes related to tumor immune microenvironment in HCC tissues of low pTLS (n=60) and high pTLS density (n=60), analyzed by real-time PCR. Groups were statistically compared using Mann–Whitney U-test. *P < 0.05; **P < 0.01; ***P < 0.001; ns, not significant. HCC, hepatocellular carcinoma; pTLS, peritumoral tertiary lymphoid structure; IHC, immunochemistry.



To elucidate the possible reasons of prognostic benefit, we compared the gene expression profiles in HCC tissues from a set of patients with high pTLS density or low pTLS density by real-time PCR (Figure 4B). The baseline characteristics of patients were shown in Supplementary Table 6. As shown in Supplementary Tables 7 and 8, the clinicopathologic characteristics were comparable betweenwfi 2 frozen and FFPE HCC samples.Th1-orientation genes (INFg, TBX21 and IL12B) and Th17-associated genes IL17A were significantly upregulated in pTLS-high HCC tissues compared to those with pTLS-low, whereas the expression of IL12A was comparable between the groups. The expression of Th2-orientation genes IL4, IL13 and GATA3, were similar in both groups. Not all inflammation-related genes and immune suppression-related genes, but IL6 and TGFB, showed significantly upregulation in pTLS-high HCC tissues. We also examined the expression of the relevant chemokines in HCC tissues and found that CXCL13, CCL19 and CCL21 were higher expressed in pTLS-high tumors, compared to those with low pTLS densities. Additionally, the expression level of CCR7 was significantly upregulated in pTLS-high group.



pTLS Facilitates Tumor-Infiltrating Immune Cells

We have previously revealed that presence of intratumoral TLS correlated with multiple tumour-infiltrating immune cells (20). We also examined the tumor-infiltrating immune cells in HCC tissues by immunochemistry (Supplementary Figure 4). In addition, we determined the association between pTLS density and tumor-infiltrating immune cells. pTLS-high tumors were significantly associated with increased intratumoral CD3+ T cells, CD8+ T cells, and CD20+ B cells, as compared to pTLS-low tumors (Figure 5). Reduced Foxp3+ regulatory T cells and CD68+ macrophages were infiltrated in pTLS-high tumors (Figure 5). These results were consistent with previous studies (20, 23, 24). The number of tumor-infiltrating CD57+ cells was similar between pTLS-high and pTLS-low tumors (Figure 5). We also evaluated PD1+ and PD-L1 cells in HCC tissues and found a significantly negative correlation between pTLS density with PD1+ cells (Figure 5). No significant association was observed between pTLS density and tumor-infiltrating PD-L1 cells (Figure 5). Additionally, we compared the cellular compositions of pTLS and iTLS roughly. As shown in Supplementary Figure 5, The median percentage of CD20 and CD68 were slightly lower in iTLS, whereas CD8 and CD57 were lower in pTLS. Furthermore, we compared the cellular composition of TLS between tumors with high pTLS and low density. The median percentages of infiltrating CD3, CD8, CD20 and CD57 were higher in high pTLS density TLS than those of low density, whereas FOXP3 and CD68 were higher in pTLS low group.




Figure 5 | pTLS density correlates with tumor-infiltrating immune cells. Representative images of main tumor-infiltrated immune cells (left panel) and relative statistical analyses (right panel) of tumors with low or high pTLS densities. Black arrows represented positive staining. Groups were statistically compared using Mann–Whitney U-test. Scale bar, 100 μm. iTLS, intratumoral tertiary lymphoid structure; pTLS, peritumoral tertiary lymphoid structure.






Discussion

In the present study, we performed a comprehensive analysis of 360 cases of HCC tissues, and identified two different localizations of HCC-associated TLS, TLS intratumorally and peritumorally. The presence of iTLS was observed in 31.7% tumors, whereas pTLS almost ubiquitous (95%). Kaplan-Meier curve analyses showed high pTLS density alone or jointly with iTLS correlated with favorable clinical outcomes. Univariate and multivariate analyses identified the pTLS as independent prognostic factor for both OS and RFS. By analyses of tumor cytokine milieu and tumor-infiltrating immune cells, we revealed pTLS correlated with an active immune response in tumor microenvironment in HCC, which was similar to previous findings of breast cancer (25), lung cancer (9), colorectal cancer (26) and pancreatic cancer (11). To our knowledge, this is the first study that investigates the prognostic significance of peritumoral TLS in HCC and its correlation with tumor microenvironment.

TLS varied from simple lymphoid aggregate to complicated structures, composing of a follicular B cell zone, T cell-rich zone, mature DCs and HEVs. The formation of germinal center has been used to determine the maturation of TLS, stratifying TLS into different stages. Silina and colleagues demonstrated that the GC formation reflected the role of TLS in antitumor immunity, significantly relevant for patient survival and expression of several adaptive immune response-related genes in lung cancer (9). The prognostic significance of presence of GC was also evaluated in HCC, showing significant correlation with improved survival of HCC patients. In our work, 44% of tumors exhibiting characteristic morphology of GC, showed the best prognostic outcomes. A network of follicular dendritic cells located inside the GC could be detected by CD21 or CD23 labeling. HEVs are located at the periphery of TLS, allowing the entry of naïve and central-memory lymphocytes into TLS. Additionally, they functioned intratumorally as major gateways for circulating lymphocytes infiltrating into tumor centers (25). Apart from these components, TLS-associated regulatory T cells might help tumor escape by inhibiting endogenous immune responses against tumors (27).

We observed that the peritumoral TLS density significantly correlated with expression of CXCL13, CCL19 and CCL21 in HCC tissues. Previous studies have reported the crucial role of CXCL13 in follicular helper T cells and B cells recruitment, and intratumora CXCL13-producing CD4+ follicular helper T cells were relevant for prognosis in breast cancer (28). In addition, CXCL13 produced by TLS-associated perivascular cells served as entry sites for circulating lymphocytes into TLS (9). In this work, we also observed an increased CD20+ B cells infiltration in HCC with high peritumoral TLS densities. However, the mechanisms for perivascular cells actuating the expression of CXCL13 remain unclear. CCL19 and CCL21 are also required for lymphocyte recruitment, contributing to TLS development (29, 30). The intratumoral injection of CCL21 gene-modified DCs were found to facilitate eliciting systemic tumor-specific immune responses and tumor-infiltrating CD8+ T cells in lung cancer (30). In this study, we found an elevated chemokine receptor CCR7 expression level in pTLS high tumors. The CCR7 plays a critical role in lymphocyte and dendritic cell trafficking into and within lymph nodes (15). The increased intratumoral CCR7 expression favors lymphoid aggregating and TLS formation. However, CCR7 could also be expressed by the tumor cells themselves. A number of studies have demonstrated the pro-tumoral effect of CCR7 in several carcinomas including HCC (31–33). Recent study has revealed that chemokine receptor like 1 (CCRL1), a member of atypical chemokine receptors, could sequestrate CCL19 and CCL21, and thereby reduce their binding to CCR7 (34). CCRL1 mitigated the detrimental impact of CCR7 in the progression and metastasis of HCC. The potential link between CCR7 and pTLS as well as prognostic value in HCC progression are still needed further investigation.

In the present study, an elevated IL-6 expression was observed in tumors with pTLS high densities. This was consistent with a recent study which revealed that IL-6 was higher expressed in pancreatic cancer tissues with iTLS compared to those without (11). The upregulation of IL-6 could accelerate the differentiation of Th17 and inhibit the differentiation of Tregs into stable immune inhibitory cells, facilitating an active immune microenvironment (35). However, aberrant IL-6 expression also played an important role in tumorigenesis and cancer progression via promoting tumor cell growth and metastasis (36, 37). Previous reports have described that the presence of IL-6 impeded lymphocyte-dendritic cell cross-talk (38). Additionally, IL-6 signaling activated the in vivo growth of HCC progenitor cells and malignant progression (39). Further studies are needed to confirm our results.

To gain better understand the association between peritumoral TLS density with patient survival, we assessed the expression of tumor immune-related genes and intratumoral infiltrating immune cells. The pTLS-high density tumors highly expressed sets of gene characteristics of Th1-oriention and immunosuppression, suggesting an active immune response in tumor microenvironment. The Th17-oriented gene IL17A were also significantly overexpressed in tumors with high peritumoral TLS density. Although the prognostic significance of Th17 infiltration remains controversial in various of malignancies (4, 40–42). Wang and colleagues revealed IL17A promoted tumor progression via STAT3/NF-κB/Notch1 pathway. Given Th17 cells share several developmental and effector markers with lymphoid-tissue inducer cells and their related innate lymphoid cells, it is possible for Th17-related cells contribute to antitumor immune responses directly or via induction of intratumoral TLS (43). However, the underlying mechanisms remain unknown.

The favorable impact of tumor-infiltrating cytotoxic T cells on clinical outcomes has been evaluated in various cancers, including lung cancer (44), colon tumors (45), and ovarian cancer (46). Thus, the correlation between high peritumoral TLS density with improved survival could be partly explained by high density of tumor-infiltrating CD8+ T cells in HCC patients. Furthermore, high peritumoral TLS densities were associated with high numbers of B cells infiltration within tumor. B cells were considered actively participate in immune responses via directing T cell response to antigens (47). In contrast, lower densities of CD68+ macrophages and Foxp3+ Treg cells were detected in tumors with high pTLS densities, consistently with our previous study (20). Infiltration of Treg cells have been showed relative to poor patient prognosis in various tumor types (48, 49). In a recent study by Joshi et al. Treg cell depletion increased expression of costimulatory ligands by expansion of DCs, leading to tumor destruction in a genetically-engineered mouse lung adenocarcinoma model (27).

Our results identified pTLS density as the most significant and independent prognostic indicator for OS and RFS in surgically treated HCC patients, outperforming tumor stages and MVI.

In summary, we demonstrate that high pTLS density correlates with improved clinical outcomes and appears to be an independent prognosticator in HCC. Our findings also reveal an interplay between the infiltrated immune cells within the intratumoral microenvironment, reflecting an active immune reaction, and pTLS. Thus, this study provides strong evidence supporting the idea that tumor immune microenvironment components markedly correlated with patient clinical outcomes. High pTLS density links to a tumor microenvironment with an active immune reaction and improved patient survival and represents a promising prognostic biomarker for HCC. Further studies focusing on mechanisms leading to TLS formation, immune cell recruitment and generate antitumor immune activation are in need, which provide opportunities for developing TLS-targeted immunomodulatory therapies.
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