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Background

S100A8 plays a key role in many cellular processes and is highly expressed in various solid cancers. However, the prognostic role of S100A8 has not been well defined. Therefore, we conducted a quantitative meta-analysis to investigate whether or not S100A8 could be used as a prognostic biomarker in solid tumors.



Methods

PubMed, Web of Science, Embase, and Cochrane library were searched to acquire relevant studies that evaluated the association between expression of S100A8 and prognosis of cancer patients. Pooled hazard ratios (HRs) with their corresponding 95% confidence intervals (CIs) were extracted to evaluate the association between S100A8 overexpression and Overall Survival (OS), Disease-Free Survival (DFS), Recurrence-Free Survival (RFS), and Progression-Free Survival (PFS). The expression of S100A8 was also validated by Flow cytometry, immunohistochemistry (IHC), and western blot.



Results

A total of 2,817 patients from 13 independent studies, ranging from 43 to 1,117 patients in size, were statistically analyzed. Our results indicated that a high level of S100A8 expression was significantly associated with poor OS, poor DFS, and poor PFS/RFS. In term of clinical pathological characteristics, a high expression level of S100A8 was significantly associated with differentiation grades, lymphatic metastasis, ER statue, and PR statue. The validation studies showed that the expression of S100A8 was at high levels in MDA-MB-231 (79.7%), MDA-MB-453 (89.2%), HTB-9 (70.2%), and T24 (53.3%) cells and it was higher in breast cancer tissue and bladder cancer tissue than their corresponding para-carcinoma tissue.



Conclusions

S100A8 overexpression was significantly associated with poor clinical prognosis in cancer patients. S100A8 is potential a prognostic biomarker in breast cancer and bladder cancer. More well-designed studies with adequate prognostic data are needed to confirm the prognostic role of S100A8 revealed in this study.
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Introduction

Cancer, the second cause of death globally, is one of the leading causes of morbidity and mortality worldwide (1). According to the International Agency for Research on Cancer (IARC), there are approximately 18.1 million new cancer cases and 9.6 million cancer deaths worldwide in 2018 (2). Despite the remarkable progress in various treatment strategies for cancer, such as surgery, radiotherapy, chemotherapy, immunotherapy, and targeted therapy, the prognosis of many cancer patients is still unsatisfactory, mainly owing to the local recurrence and distant metastasis (3, 4). At present, the prognosis of cancer patient is made mainly based on the TNM staging of AJCC and UICC. However, patients in the same stage may still have greatly different prognosis. To develop the most effective individualized treatment strategy for cancer patients and improve clinical outcomes, reliable prognostic biomarkers are extremely useful.

With the first member discovered in 1965, S100 family members are small, acidic-Ca2+ binding proteins that are involved in a wide range of biological processes (5). Most of the S100 proteins undergo a conformational change to bind to Ca2+ and regulate the homeostatic Ca2+ homeostasis, cell cycle, cell growth and migration, cell scaffold composition, and transcriptional molecular regulation. The S100A8 is a calcium-binding site of the EF-hand type with a low calcium-binding affinity site at the N terminus (N-terminal EF-hand; EF-hand I) and a high affinity site at the C terminus (C-terminal EF-hand; EF-hand II) (6, 7). S100A8 plays an important role in the regulation of immune response and inflammatory processes. It is mainly expressed in bone marrow-derived immune cells, such as macrophages and neutrophils (5, 8, 9). S100A8 acts in a cytokine-like behavior, by binding to cell surface receptors that trigger signaling pathways to take part in the inflammatory process, and plays a key role in many cellular processes, including cell survival, cell cycle progression, differentiation, proliferation, and cell migration (10, 11).

S100A8 has been found to be highly expressed in a variety of inflammation-related diseases, such as inflammatory bowel disease (12). Recent publications also have indicated that S100A8 is highly expressed in various solid cancers, including breast cancer (13–19), oral squamous cell carcinoma (20), prostate cancer (21, 22), bladder cancer (23–29), gastric cancer (30–32), lung cancer (33, 34), and liver cancer (35, 36). Most of the studies suggested that an overexpression of S100A8 was correlated with low survival rate in cancer patients. However, single study may be not accurate and convincing. Thus, it is helpful to probe the role of S100A8 using meta-analysis of a much larger number of patients from the literature reports to better understand the potential clinical prognostic value of S100A8 in solid tumor.



Methods

Our meta-analysis was accomplished on the basis of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement (37).


Literature Search Strategy

We searched PubMed, Web of Science, Embase, and Cochrane library to acquire relevant studies with language restriction to English from January 1, 2000 to April 1, 2019, but without restrictions on geographic areas. The following retrieval strategy was used:

(“cancer” OR “tumor” OR “tumour” OR “neoplasm” OR “carcinoma” OR “adenocarcinoma”) AND (“S100A8” OR “Calgranulin A” OR “MRP-8” OR “S100 calcium binding protein A8”) AND (“prognosis” OR “prognostic” OR “outcome”). References in each manuscript were also manually screened to identify more relevant articles.



Study Inclusion Criteria

Two authors independently scrutinized the hits for articles that met the following criteria: (1) studies explored the relationship between S100A8 and the prognosis of patients with cancers; (2) expression of S100A8 was measured in the tumor tissues; (3) studies presented sufficient data to calculate the survival data, including hazard ratio (HR) with 95% confidence interval (CI) or odds ratio (OR); (4) only the most integrated ones were included for articles with duplicated or overlapping study population;



Data Extraction

The following data was independently extracted by two authors from each paper: (1) general information including first author, publication year, country, sample size, cancer types, and the follow-up duration; (2) detection methods and cut-off values; (3) HRs and 95% CIs investigating the relationship between the expression of S100A8 and OS or DFS or RFS or PFS; (4) clinicopathological characteristics including gender, TNM stage, differential grade, and lymph node metastasis. Any differences were resolved through discussion. The Engauge Digitizer 4.1 software (38, 39) was used to extract data from the Kaplan-Meier curves in articles that did not directly provide HRs and 95% CIs. Tumor cell differentiation grade was subdivided as poor and well/moderate differentiation. TNM stage was dichotomized as III/IV and I/II. In addition, the quality of the included studies was assessed using the Newcastle Ottawa Scale (NOS) (40), with scores ≥7 considered as high quality article.



Statistical Analysis

The prognostic significance of the S100A8 expression in OS, DFS, RFS, and PFS were analyzed through combining HR and 95% CI. The association between S100A8 expression and clinic pathological features were assessed by the combination of OR with 95% CI. The χ2 based Q test and the I2 test were undertaken to assess the statistical heterogeneity in included studies. When combining the data, a fixed-effect model was used if there was no remarkable heterogeneity (I2 < 50% or P-value > 0.05). Otherwise, a random-effect model was applied. All statistical tests were two-sided and P < 0.05 was considered statistically significant. Begg’s funnel plot was used to assess publication bias. All statistical analyses were conducted using the STATA software (version 12.0, Stata Corp, College Station, TX, USA).



Flow Cytometry

Cells were detached with trypsin–EDTA (Invitrogen) and re-suspended in PBS containing 1% BSA and 0.1% sodium azide. The samples were incubated for 1 h on ice with anti-S100A8 mAb or the corresponding isotype antibodies as negative controls. After washing with PBS, cell was stained by incubating with fluorescein isothiocyanate (FITC) labeled anti-rabbit immunoglobulin G (IgG; Jackson ImmunoResearch Laboratories) for 1 h. Stained cells were analyzed on a FACSCalibur 440E (BectonDickinson) using Cell Quest software (BD Biosciences Immunocytometry Systems).



Immunohistochemistry

Breast cancer and bladder cancer tissues were collected from patients in Zhongnan Hospital, Wuhan University. Sections of 4-μm thick, formalin-fixed, and paraffin-embedded tissues from the patients were deparaffinized in xylene and rehydrated in graded ethanol. Following heat-mediated antigen retrieval, S100A8 was detected in the tissues by the avidin–biotin complex method. The sections were incubated for 1 h with the corresponding specific primary antibody (Santa Cruz Biotechnology), followed by washing, another 1-h incubation with biotin-labeled anti-murine IgG antibody (Boyao Biotechnology), washing again, and then incubation with peroxidase-labeled streptavidin for 20 min. Immunostaining was visualized by color reaction to diaminobenzidine for 5 min. As a negative control, isotype antibody was substituted for the primary antibody. Then, the percentages of brown-stained cells indicating the presence of S100A8 was determined. The positive cell ratio (integral optical density value/integral area) was calculated by Tongji Qianping Image Analysis Software.



Western Blot

Total protein was extracted from frozen tumor tissues in ice-cold lysis buffer (50 mmol/L Tris–HCl pH 7.5, 150 mmol/L NaCl, 5 mmol/L EDTA, 1% Nonidet P-40), containing a protease inhibitor cocktail (Calbiochem) on ice for 15 min. Twenty microgram protein was fractionated by 12% SDS-PAGE and then transferred from the gel onto a polyvinylidene difluoride (PVDF) membrane. After blocking with 5% nonfat milk in PBS–Tween-20 (0.05%) overnight at 4°C, the membrane was then probed with antibodies specific to S100A8 or β-actin (Santa Cruz Biotechnology), followed by a HRP-conjugated secondary antibody against mouse IgG. The enhanced chemiluminescence (ECL) from NEN LIFE Science was used to visualize the antibody reaction. Bands were quantified by a calibrated imaging densitometer (GS-710; Bio-Rad) and analyzed by “Quantity One” software (Bio-Rad).




Results


Literature Search

Initially a total of 379 articles were identified based on the search strategy. However, only 33 studies met the inclusion criteria. Subsequently, 20 studies were excluded due to either a lack of an appropriate control or insufficient amount of data. Therefore, a total of 13 studies were enrolled in our meta-analysis (13–18, 20, 21, 23, 26, 27, 30, 33). The flowchart of the selection process is summarized in Figure 1.




Figure 1 | Flowchart of the selection process in the meta-analysis.





Study Characteristics

Our meta-analysis included a total of 2,817 patients from 13 studies, with a maximum sample size of 1,117 patients and a minimum sample size of 43. A total of six cancer types were included: breast cancer, oral squamous cell carcinoma (OSCC), prostate cancer, bladder cancer, non-small cell carcinoma of the lung (NSCCL), and gastric cancer. Two studies used RT-PCR and one study used automated quantitative immunoﬂuorescence (AQUA) to evaluate the expression of S100A8, while all other studies assessed the expression of S100A8 by immunohistochemistry (IHC). Among these studies, six studies were on OS, six studies on DFS, four studies on RFS, and two studies on PFS. The detailed characteristics of these eligible studies are listed in Table 1.


Table 1 | Summary of all included eligible studies.





Increased S100A8 Expression and OS

A total of 2,137 patients from six studies with the OS reported were analyzed using the fixed-effect model to estimate the pooled hazard ratio (HR) and corresponding 95% confidence interval (CI) because no obvious heterogeneity was found (I2 = 36.3%, p = 0.165). The pooled HR (the high S100A8 expression group versus the low S100A8 expression group) was 1.36 (95% CI 1.18–1.55, p = 0.000). Thus, the result demonstrated that S100A8 overexpression was significantly associated with poor OS in patients with cancers (Figure 2).




Figure 2 | Forest plot of studies evaluating hazard ratios of S100A8 overexpression and the overall survival of cancer patients.





Increased S100A8 Expression and DFS

There were six studies, involving a total of 1,052 patients, provided appropriate data for DFS analysis. Due to the statistical significance of heterogeneity among these studies (I2 = 56.4%, p = 0.043), the random‐effect model was adopted to estimate the pooled HR and corresponding 95% CI. The result indicated that there was a significantly association between high expression level of S100A8 and poor DFS (pooled HR = 1.43, 95% CI 1.05–1.94, p = 0.022) (Figure 3).




Figure 3 | Forest plot of studies evaluating hazard ratios of S100A8 overexpression and the disease-free survival of cancer patients.





Increased S100A8 Expression and PFS/RFS

A total six studies, involving 523 patients, provided appropriate data for PFS/RFS analysis. The fixed-effect model was used because no obvious heterogeneity was found (I2 = 48.7%, p = 0.083). The pooled HR was 2.57 (95% CI 1.84–3.58, p = 0.000), which indicated a significantly association between a high expression level of S100A8 and poor PFS/RFS (Figure 4).




Figure 4 | Forest plot of studies evaluating hazard ratios of S100A8 overexpression and the progression-free survival or recurrent-free survival of cancer patients.





Subgroup Analysis

In order to find possible sources of heterogeneity, we constructed the subgroup analysis. The patients were classified according to their different conditions (Table 2). In term of the cancer type, high expression level of S100A8 was significantly associated with poor outcome in breast cancer (pooled HR = 1.43, 95% CI 1.25–1.63) with no significant heterogeneity (I2 = 36.8%, p = 0.161) and bladder cancer (pooled HR = 3.90, 95% CI 2.09–7.29) with no significant heterogeneity (I2 = 46.6%, p = 0.154). We did not find significant association between S100A8 overexpression and prognosis in other cancers including oral squamous cell carcinoma (OSCC), prostate cancer, non-small cell carcinoma of the lung (NSCCL), and gastric cancer (pooled HR = 1.45, 95% CI 0.68–3.11) with significant heterogeneity (I2 = 64.4%, p = 0.038). In term of the analytical method, S100A8 overexpression was significantly associated with poor prognosis in multivariate analysis group (pooled HR = 2.44, 95% CI 1.26–4.70) with significant heterogeneity (I2 = 78.0%, p = 0.000). The prognostic significance also could be seen in the Kaplan-Meier curves group (pooled HR = 1.49, 95% CI 1.24–1.79) with no significant heterogeneity (I2 = 28.0%, p = 0.235). Similarly, S100A8 overexpression was associated with poor prognosis in the subgroup of sample size.


Table 2 | Subgroup analysis of pooled HR for OS/DFS/RFS/PFS.





Associations Between S100A8 Expression and Clinical Pathological Characteristics

Further, we studied the associations between S100A8 expression and clinical pathological characteristics (Table 3), including genders, differentiation grades, TNM stages, lymphatic metastasis, estrogen receptor (ER) status, progesterone receptor (PR) status, and human epidermal growth factor receptor-2 (HER2) status. We found that high expression level of S100A8 was significantly associated with differentiation grades (poorly versus well/moderately, OR = 3.91, 95% CI 1.48–10.27, p = 0.006), lymphatic metastasis (N1/N2/N3 versus N0, OR = 1.80, 95% CI 1.17–2.77, p = 0.007), ER status (positive versus negative, OR = 0.31, 95% CI 0.21–0.47, p = 0.000), and PR status (positive versus negative, OR = 0.29, 95% CI 0.13–0.63, p = 0.002). We did not observe significant association between S100A8 overexpression and genders (male versus female, OR = 1.93, 95% CI 0.76–4.89, p = 0.164), TNM stages (III–IV versus I–II, OR = 1.34, 95% CI 0.51–3.51, p = 0.554), and HER2 status (positive versus negative, OR = 1.91, 95% CI 0.62–5.91, p = 0.263).


Table 3 | Associations between S100A8 expression and clinical pathological characteristics Sensitivity analysis.





Sensitivity Analysis

To test the reliability of our results, we removed an individual study at a time and estimated the pooled HRs of the remaining studies. No single study dominated our meta-analysis (Figure 5) which illustrated that our meta-analysis was stable and credible.




Figure 5 | Sensitivity analysis of this meta-analysis. (A) Overall survival (OS). (B) Disease-Free Survival (DFS). (C) Progression-free Survival or Recurrence-Free Survival (PFS/RFS).





Publication Bias

An evaluation of the publication bias by the Begg’s funnel plots revealed no obvious asymmetry in the funnel plot that evaluates the relationship between S100A8 expression and OS (Figure 6A). The P value of Egger’s test (P = 0.104) also indicated no obvious publication bias. The result was the same with DFS (P = 0.827, Figure 6B). However, publication bias was found in association between S100A8 expression and PFS/RFS (P = 0.002, Figure 6C).




Figure 6 | Begg’s funnel plots for the studies involved in the meta-analysis. (A) Overall survival (OS). (B) Disease-Free Survival (DFS). (C) Progression-free Survival or Recurrence-Free Survival (PFS/RFS).





Validation


Flow Cytometry

We analyzed the expression of S100A8 in two human breast cancer cell lines (MDA-MB-231 and MDA-MB-453) and two human bladder cancer cell lines (HTB-9 and T24). As is shown, S100A8 expressions were at high levels in MDA-MB-231, MDA-MB-453, HTB-9, and T24 cells (79.7, 89.2, 70.2, and 53.3%, respectively) (Figure 7).




Figure 7 | The expression of S100A8 in two human breast cancer cell lines and two human bladder cancer cell lines.





Immunohistochemistry

We collected 112 patients pathologically diagnosed with primary breast cancer between June 2008 and June 2009 at the Department of Pathology, Zhongnan Hospital of Wuhan University (Wuhan, China) (Table 4).


Table 4 | Clinical pathological characteristics of breast cancer patients (n = 112).



We evaluated S100A8 expression in breast cancer tissues and bladder cancer tissues and their corresponding para-carcinoma tissues using immunohistochemical examination. Tissues were collected from patients in Zhongnan Hospital, Wuhan University. We found that S100A8 staining was positive in breast cancer and bladder cancer tissues, but negative in their corresponding para-carcinoma tissues (Figure 8). And in breast cancer and its corresponding para-carcinoma tissues, the proportion of S100A8 positive cells was 39.5 and 17% respectively (P < 0.01) (Figure 8).




Figure 8 | Immunohistochemical examination of the expression of S100A8. (A) Para-carcinoma tissue of breast cancer (female, aged 51, magniﬁcation, ×200); (B) breast cancer tissue (female, aged 51, magniﬁcation, ×200); (C) para-carcinoma tissue of bladder cancer (male, aged 69, magniﬁcation, ×200); (D) bladder cancer tissue (male, aged 69, magniﬁcation, ×200). (E) The proportion of S100A8 positive cells in breast cancer and its corresponding para-carcinoma tissues (n = 112).  **means p < 0.01.





Western Blot

We used random number method to select eight pairs of samples of breast cancer tissues and its corresponding para-carcinoma tissues to analyze the expression of S100A8 using western blot. The grayscale value of western blot of eight paired samples of tumor tissue (T), para-carcinoma tissue (P), and β-actin showed the expression of S100A8 was higher in breast cancer tissues than its corresponding para-carcinoma tissues, which verified that S100A8 could be a predictor of prognosis (Figure 9).




Figure 9 | (A) Western blot of paired samples of tumor tissue (T) and para-carcinoma tissue (P) immunoblotted against S100A8 or β-actin (used as a loading control). (B) grayscale value of western blot of paired samples of tumor tissue (T), para-carcinoma tissue (P), and β-actin (n = 8).  **means p < 0.01.







Discussion

Though several studies have been conducted to clarify the role of S100A8 in the occurrence and development of cancers, its potential molecular mechanisms remain unclear. It was shown that S100A8 promoted the invasion of breast cancer cells, depending on advanced glycation end products (RAGE) (41). RAGE binding to S100A8 promoted the phosphorylation of LIN-11, Is11, and MEC-3 protein domain kinase, as well as cofilin. It is a critical step in actin polymerization and cofilin recycling. At the same time, RAGE binding to S100A8 strengthened cell mesenchymal properties and mediated epithelial–mesenchymal transition (EMT). Furthermore, EMT is a process in which epithelial cell layers lose polarity together with cell to cell contacts, leading to a dramatic remodeling of the cytoskeleton. Hence, it plays an significant role in tumor metastasis (42). In terms of mechanism, RAGE bind to S100A8 stably through the NF-κB signaling pathway. S100A8 has binding sites for NF-κB (43), the ligation of cell surface receptors by S100A8 in inflammation can lead to a positive feedback loop and sustained cellular activation, thereby promoting tumor development (41). Another study (44) found that S100A8-induced cell migration and invasion was inhibited by metalloproteinase 2 (MMP2) siRNA and MMP12 siRNA, which indicated that MMP2 and MMP12 were related to the S100A8-induced cell migration and invasion. Additionally, S100A8 caused an increase in MMP2 and MMP12 expression, which could be inhibited by SB203580 (p38 MAPK inhibitor) and Bay (NF-κB inhibitor). As a result, it suggested that S100A8 promoted cell migration and invasion through p38 MAPK-dependent NF-κB activation resulting in an increase of MMP2 and MMP12 in gastric cancer. Consequently, the overexpression of S100A8 in cancers contributes to the proliferation, metastasis, and invasion of tumors. Recent publications have indicated that the overexpression of S100A8 in various solid cancers is highly correlated with low survival rate in cancer patients, suggesting S100A8 as a potential biomarker for cancer prognosis.

Our meta-analysis was the first meta-analysis systematically assessing the prognostic value of S100A8 in patients with cancers. The results revealed that high level of expression of S100A8 in cancers was significantly associated with poor OS, DFS, and PFS/RFS. Our subgroup analysis demonstrated that high expression level of S100A8 was significantly associated with poor outcome in breast cancer and bladder cancer. Further, our results showed that high expression level of S100A8 was significantly associated with differentiation grades, lymphatic metastasis, ER, and PR. We did not observe significant association between S100A8 overexpression and genders, TNM stages, and HER2. The validation data showed that the expression of S100A8 was at high levels in MDA-MB-231, MDA-MB-453, HTB-9, and T24 cells (79.7, 89.2, 70.2, and 53.3%, respectively) and was higher in breast cancer tissue and bladder cancer tissue than their corresponding para-carcinoma tissues. This verified that S100A8 could be a predictor of prognosis of breast cancer and bladder cancer patients.

The potential limitations of our meta-analysis include: 1) publication bias because negative results were more difficult to be published and we only searched four online databases and only included English written studies. 2) Heterogeneity of data as shown by our subgroup analysis, where overexpression S100A8 was significantly associated with poor outcome in studies with a sample size greater than 100 but not in studies with a sample size smaller than 100. It is possible that studies with smaller sample size were not statistically stable. 3) Cut-off values were different among these eligible studies, which meant the baseline of overexpression S100A8 may be different. 4) We included two studies that only provided the Kaplan-Meier curve instead of detailed data for HR and 95% CI in survival analysis. Although this increased the amount of data, the accuracy of the meta-analysis may be decreased. 5) The number of included studies was still small. Ideally, a large-size, multicenter study with high-quality will be extremely beneficial for clearly delineating the clinical values of S100A8 in human solid cancers.

In conclusion, our meta-analysis showed that S100A8 expression was a promising predictor and biomarker of prognosis in breast cancer and bladder cancer. Whether or not S100A8 expression could be used as a prognostic biomarker in other cancers requires further study.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Medical Ethical Committee of the Zhongnan Hospital of Wuhan University. The patients provided written informed consent to participate in this study.



Author Contributions

AH conceived and designed the study. AH, WF, and JL performed the literature search and extracted the data. BH, QC, and LC analyzed the data and summarized results. WF, PW, YD, and TM performed the validation. AH drafted the manuscript. YW and MY revised and proofread the manuscript. All authors contributed to the article and approved the submitted version.



Funding

The study was supported by National Natural Science Foundation of China (No. 81472033 and 30901308), the National Science Foundation of Hubei Province (No. 2013CFB233), Health Commission of Hubei Province scientific research project (No.WJ2019M203), the Application Basic Research Plan Program of Wuhan (No. 2017060201010171), the joint fund project of Hubei Health and Family Planning Commission (No. WJ2018H0028), Hubei Province Health and Family Planning Scientific Research Project (No. WJ2015Q021), the Scientific and Technological Project of Wuhan (No. 2014060101010045), and Training Program of the Science and Technology Innovation from Zhongnan Hospital of Wuhan University (No. cxpy2018031 and No. cxpy20160054), Wuhan University Student Innovation Project (No.MS2017045 and S2018301747).



Acknowledgments

The authors would like to thank all members of the Department of Clinical Laboratory of Zhongnan Hospital of Wuhan University for their help.



References

1. Pozuelo-Carrascosa, DP, Alvarez-Bueno, C, Cavero-Redondo, I, Morais, S, Lee, IM, and Martinez-Vizcaino, V. Cardiorespiratory fitness and site-specific risk of cancer in men: A systematic review and meta-analysis. Eur J Cancer (2019) 113:58–68. doi: 10.1016/j.ejca.2019.03.008

2. Bray, F, Ferlay, J, Soerjomataram, I, Siegel, RL, Torre, LA, and Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2018) 68(6):394–424. doi: 10.3322/caac.21492

3. Miller, KD, Siegel, RL, Lin, CC, Mariotto, AB, Kramer, JL, Rowland, JH, et al. Cancer treatment and survivorship statistics, 2016. CA Cancer J Clin (2016) 66(4):271–89. doi: 10.3322/caac.21349

4. Gao, Y, Bado, I, Wang, H, Zhang, W, Rosen, JM, and Zhang, XH. Metastasis Organotropism: Redefining the Congenial Soil. Dev Cell (2019) 49(3):375–91. doi: 10.1016/j.devcel.2019.04.012

5. Moore, BW. A soluble protein characteristic of the nervous system. Biochem Biophys Res Commun (1965) 19(6):739–44. doi: 10.1016/0006-291X(65)90320-7

6. Donato, R. S100: a multigenic family of calcium-modulated proteins of the EF-hand type with intracellular and extracellular functional roles. Int J Biochem Cell Biol (2001) 33(7):637–68. doi: 10.1016/s1357-2725(01)00046-2

7. Heizmann, CW, Fritz, G, and Schäfer, BW. S100 proteins: structure, functions and pathology. Front Biosci (2002) 7:d1356–68. doi: 10.2741/heizmann

8. Nacken, W, Roth, J, Sorg, C, and Kerkhoff, C. S100A9/S100A8: Myeloid representatives of the S100 protein family as prominent players in innate immunity. Microsc Res Tech (2003) 60(6):569–80. doi: 10.1002/jemt.10299

9. Ryckman, C, Vandal, K, Rouleau, P, Talbot, M, and Tessier, PA. Proinflammatory activities of S100: proteins S100A8, S100A9, and S100A8/A9 induce neutrophil chemotaxis and adhesion. J Immunol (2003) 170(6):3233–42. doi: 10.4049/jimmunol.170.6.3233

10. Shabani, F, Farasat, A, Mahdavi, M, and Gheibi, N. Calprotectin (S100A8/S100A9): a key protein between inflammation and cancer. Inflammation Res (2018) 67(10):801–12. doi: 10.1007/s00011-018-1173-4

11. Crowe, LAN, McLean, M, Kitson, SM, Melchor, EG, Patommel, K, Cao, HM, et al. S100A8 & S100A9: Alarmin mediated inflammation in tendinopathy. Sci Rep (2019) 9(1):1463. doi: 10.1038/s41598-018-37684-3

12. Okada, K, Okabe, M, Kimura, Y, Itoh, H, and Ikemoto, M. Serum S100A8/A9 as a Potentially Sensitive Biomarker for Inflammatory Bowel Disease. Lab Med (2019) 4:370–80. doi: 10.1093/labmed/lmz003

13. McKiernan, E, McDermott, EW, Evoy, D, Crown, J, and Duffy, MJ. The role of S100 genes in breast cancer progression. Tumour Biol (2011) 32(3):441–50. doi: 10.1007/s13277-010-0137-2

14. Miller, P, Kidwell, KM, Thomas, D, Sabel, M, Rae, JM, Hayes, DF, et al. Elevated S100A8 protein expression in breast cancer cells and breast tumor stroma is prognostic of poor disease outcome. Breast Cancer Res Treat (2017) 166(1):85–94. doi: 10.1007/s10549-017-4366-6

15. Mukhtar, RA, Moore, AP, Tandon, VJ, Nseyo, O, Twomey, P, Adisa, CA, et al. Elevated levels of proliferating and recently migrated tumor-associated macrophages confer increased aggressiveness and worse outcomes in breast cancer. Ann Surg Oncol (2012) 19(12):3979–86. doi: 10.1245/s10434-012-2415-2

16. Parris, TZ, Kovacs, A, Aziz, L, Hajizadeh, S, Nemes, S, Semaan, M, et al. Additive effect of the AZGP1, PIP, S100A8 and UBE2C molecular biomarkers improves outcome prediction in breast carcinoma. Int J Cancer (2014) 134(7):1617–29. doi: 10.1002/ijc.28497

17. Wang, D, Liu, G, Wu, B, Chen, L, Zeng, L, and Pan, Y. Clinical Significance of Elevated S100A8 Expression in Breast Cancer Patients. Front Oncol (2018) 8:496. doi: 10.3389/fonc.2018.00496

18. Zhang, S, Wang, Z, Liu, W, Lei, R, Shan, J, Li, L, et al. Distinct prognostic values of S100 mRNA expression in breast cancer. Sci Rep (2017) 7:39786. doi: 10.1038/srep39786

19. Arai, K, Takano, S, Teratani, T, Ito, Y, Yamada, T, and Nozawa, R. S100A8 and S100A9 overexpression is associated with poor pathological parameters in invasive ductal carcinoma of the breast. Curr Cancer Drug Targets (2008) 8(4):243–52. doi: 10.2174/156800908784533445

20. Parris, TZ, Aziz, L, Kovacs, A, Hajizadeh, S, Nemes, S, Semaan, M, et al. Clinical relevance of breast cancer-related genes as potential biomarkers for oral squamous cell carcinoma. BMC Cancer (2014) 14:324. doi: 10.1186/1471-2407-14-324

21. Yun, SJ, Yan, C, Jeong, P, Kang, HW, Kim, YH, Kim, EA, et al. Comparison of mRNA, Protein, and Urinary Nucleic Acid Levels of S100A8 and S100A9 between Prostate Cancer and BPH. Ann Surg Oncol (2015) 22(7):2439–45. doi: 10.1245/s10434-014-4194-4

22. Hermani, A, Hess, J, De Servi, B, Medunjanin, S, Grobholz, R, Trojan, L, et al. Calcium-binding proteins S100A8 and S100A9 as novel diagnostic markers in human prostate cancer. Clin Cancer Res (2005) 11(14):5146–52. doi: 10.1158/1078-0432.ccr-05-0352

23. Ha, YS, Kim, MJ, Yoon, HY, Kang, HW, Kim, YJ, Yun, SJ, et al. mRNA Expression of S100A8 as a Prognostic Marker for Progression of Non-Muscle-Invasive Bladder Cancer. Korean J Urol (2010) 51(1):15–20. doi: 10.4111/kju.2010.51.1.15

24. Kim, SK, Kim, EJ, Leem, SH, Ha, YS, Kim, YJ, and Kim, WJ. Identification of S100A8-correlated genes for prediction of disease progression in non-muscle invasive bladder cancer. BMC Cancer (2010) 10:21. doi: 10.1186/1471-2407-10-21

25. Kim, WJ, Kim, SK, Jeong, P, Yun, SJ, Cho, IC, Kim, IY, et al. A four-gene signature predicts disease progression in muscle invasive bladder cancer. Mol Med (Cambridge Mass) (2011) 17(5-6):478–85. doi: 10.2119/molmed.2010.00274

26. Minami, S, Sato, Y, Matsumoto, T, Kageyama, T, Kawashima, Y, Yoshio, K, et al. Proteomic study of sera from patients with bladder cancer: usefulness of S100A8 and S100A9 proteins. Cancer Genomics Proteomics (2010) 7(4):181–9.

27. Nicklas, AP, Kramer, MW, Serth, J, Hennenlotter, J, Hupe, MC, Reimer, DU, et al. (S100A8) Immunostaining: A Future Candidate for Risk Assessment in Patients with Non-Muscle-Invasive Bladder Cancer (NMIBC). Adv Ther (2018) 35(11):2054–68. doi: 10.1007/s12325-018-0789-7

28. Wong, JPC, Wei, R, Lyu, P, Tong, OLH, Zhang, SD, Wen, Q, et al. Clinical and in vitro analysis of Osteopontin as a prognostic indicator and unveil its potential downstream targets in bladder cancer. Int J Biol Sci (2017) 13(11):1373–86. doi: 10.7150/ijbs.21457

29. Yasar, O, Akcay, T, Obek, C, and Turegun, FA. Significance of S100A8, S100A9 and calprotectin levels in bladder cancer. Scand J Clin Lab Invest (2017) 77(6):437–41. doi: 10.1080/00365513.2017.1336567

30. Fan, B, Zhang, LH, Jia, YN, Zhong, XY, Liu, YQ, Cheng, XJ, et al. Presence of S100A9-positive inflammatory cells in cancer tissues correlates with an early stage cancer and a better prognosis in patients with gastric cancer. BMC Cancer (2012) 12:316. doi: 10.1186/1471-2407-12-316

31. Hu, Y, Fan, B, Zhang, LH, Cheng, XJ, Niu, ZJ, and Ji, JF. [Clinical significance of S100A8 and S100A9 expression in gastric cancer]. Zhonghua Yi Xue Za Zhi (2013) 93(42):3369–74. doi: 10.3760/cma.j.issn.0376-2491.2013.42.011

32. Wang, C, Luo, J, Rong, J, He, S, Zhang, L, and Zheng, F. Distinct prognostic roles of S100 mRNA expression in gastric cancer. Pathol Res Pract (2019) 215(1):127–36. doi: 10.1016/j.prp.2018.10.034

33. Koh, HM, An, HJ, Ko, GH, Lee, JH, Lee, JS, Kim, DC, et al. Prognostic Role of S100A8 and S100A9 Protein Expressions in Non-small Cell Carcinoma of the Lung. J Pathol Trans Med (2019) 53(1):13–22. doi: 10.4132/jptm.2018.11.12

34. Su, YJ, Xu, F, Yu, JP, Yue, DS, Ren, XB, and Wang, CL. Up-regulation of the expression of S100A8 and S100A9 in lung adenocarcinoma and its correlation with inflammation and other clinical features. Chin Med J (2010) 123(16):2215–20. doi: 10.3760/cma.j.issn.0366-6999.2010.16.011

35. Liu, K, Zhang, Y, Zhang, C, Zhang, Q, Li, J, Xiao, F, et al. Methylation of S100A8 is a promising diagnosis and prognostic marker in hepatocellular carcinoma. Oncotarget (2016) 7(35):56798–810. doi: 10.18632/oncotarget.10792

36. Mirza, Z, Schulten, HJ, Farsi, HM, Al-Maghrabi, JA, Gari, MA, Chaudhary, AG, et al. Impact of S100A8 expression on kidney cancer progression and molecular docking studies for kidney cancer therapeutics. Anticancer Res (2014) 34(4):1873–84. doi: 10.1245/s10434-014-3495-y

37. Moher, D, Shamseer, L, Clarke, M, Ghersi, D, Liberati, A, Petticrew, M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev (2015) 4:1. doi: 10.1186/2046-4053-4-1

38. Williamson, PR, Smith, CT, Hutton, JL, and Marson, AG. Aggregate data meta-analysis with time-to-event outcomes. Stat Med (2002) 21(22):3337–51. doi: 10.1002/sim.1303

39. Tierney, JF, Stewart, LA, Ghersi, D, Burdett, S, and Sydes, MR. Practical methods for incorporating summary time-to-event data into meta-analysis. Trials (2007) 8:16. doi: 10.1186/1745-6215-8-16

40. Zeng, X, Zhang, Y, Kwong, JS, Zhang, C, Li, S, Sun, F, et al. The methodological quality assessment tools for preclinical and clinical studies, systematic review and meta-analysis, and clinical practice guideline: a systematic review. J Evid Based Med (2015) 8(1):2–10. doi: 10.1111/jebm.12141

41. Yin, C, Li, H, Zhang, B, Liu, Y, Lu, G, Lu, S, et al. RAGE-binding S100A8/A9 promotes the migration and invasion of human breast cancer cells through actin polymerization and epithelial-mesenchymal transition. Breast Cancer Res Treat (2013) 142(2):297–309. doi: 10.1007/s10549-013-2737-1

42. Larue, L, and Bellacosa, A. Epithelial-mesenchymal transition in development and cancer: role of phosphatidylinositol 3’ kinase/AKT pathways. Oncogene (2005) 24(50):7443–54. doi: 10.1038/sj.onc.1209091

43. Gebhardt, C, Németh, J, Angel, P, and Hess, J. S100A8 and S100A9 in inflammation and cancer. Biochem Pharmacol (2006) 72(11):1622–31. doi: 10.1016/j.bcp.2006.05.017

44. Kwon, CH, Moon, HJ, Park, HJ, Choi, JH, and Park, DY. S100A8 and S100A9 promotes invasion and migration through p38 mitogen-activated protein kinase-dependent NF-κB activation in gastric cancer cells. Mol Cells (2013) 35(3):226–34. doi: 10.1007/s10059-013-2269-x



Conflict of Interest: The 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 © 2020 Huang, Fan, Liu, Huang, Cheng, Wang, Duan, Ma, Chen, Wang and Yu. 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.


OEBPS/Images/fonc.2020.564248_cover.jpg
, frontiers
in Oncology

Prognostic Role of S100A8 in
Human Solid Cancers: A
Systematic Review and Validation





OEBPS/Images/fonc-10-564248-g003.jpg
Study -~

o WmEno) e
Wang 2018 —  209(1.31,335) 1961
Parris 2013 ———341(147,788) 973
Parris 2014 —_— 035(0.04,295)  1.92
Mekiman 2011 1 om0 0
Miler 2017 et 122(1.00,149) 3155
Koh 2018 : 097 (0.45,207)  11.16
vt emared=38.4%,p=0009C>  140(106.180) 10000






OEBPS/Images/fonc-10-564248-g005.jpg
b






OEBPS/Images/fonc-10-564248-g002.jpg
Study -~

o wmemc e
Zrrg 017 L masies we
- —  momem sw
P — osnon0m o3
Vekamanzt1 L messien wn
ier 2017 L raocons
Fonzorz 1 100sn20m 821
v (sqsd < p <0169 13807159 10000






OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Prognostic Role of S100A8 in Human Solid Cancers: A Systematic Review and Validation

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusions

        



        		

          Introduction

        



        		

          Methods

        

          		

            Literature Search Strategy

          



          		

            Study Inclusion Criteria

          



          		

            Data Extraction

          



          		

            Statistical Analysis

          



          		

            Flow Cytometry

          



          		

            Immunohistochemistry

          



          		

            Western Blot

          



        



        



        		

          Results

        

          		

            Literature Search

          



          		

            Study Characteristics

          



          		

            Increased S100A8 Expression and OS

          



          		

            Increased S100A8 Expression and DFS

          



          		

            Increased S100A8 Expression and PFS/RFS

          



          		

            Subgroup Analysis

          



          		

            Associations Between S100A8 Expression and Clinical Pathological Characteristics

          



          		

            Sensitivity Analysis

          



          		

            Publication Bias

          



          		

            Validation

          

            		

              Flow Cytometry

            



            		

              Immunohistochemistry

            



            		

              Western Blot

            



          



          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          Acknowledgments

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-10-564248-g007.jpg
SLOAAS Sxpmmon ()

oo

05%

%

MDA-MB.231

Tsotype

ANi-$100A8





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
Categories.

Cancer type

1) Breast cancer

2) Bacidr cancsr

3 Otrers

Analysis

1) Mutvariate

2) Kaplan-Meer cuves.
Sample sizo

12100

2 <100

No. of studies

No.of patients:

2148
w1

1,007
1515

2471
B

Pooled HR (95% C)

Fis/Random pvalue.
1.43(1.25-169) 0000
390(208-729) 000
1.45(068-3:11) 03
244(1264.70) 0008
149 (1:26-179) 0000
1.43(1.25-162) 000
181(0.77-462) 0175,

Heterogeneity

) Prvalue
%8 o6t
66 o184
a4 0008
780 000
280 0235
a1 0104
726 0006





OEBPS/Images/table4.jpg
ci

I pathological characteristics

Age (years) (median 50, range 35-72)
<50
250
Tumor grade
=
0
TNM stages
I
(=%
Lymph node metastasis
Yes
No
Tumor size
<sem
5cm

Number of cases (%)
5650
5650

75(67.0)
3730

65(589)
6w

60(536)
52(46.4)

77(688)
35(312)





OEBPS/Images/table3.jpg
Ciinicopathological characteristics  No. of No.of  RiskofhighS100A80R Significant P-value ~ Heterogeneity 12 P-value Model

v povoms o on z )
evera—— . ©@  memasm s o w0 0w fen
e Gttt por s el 5 @ s wm o o ma oo e
S . @ mesasmy o oss e oo e
ot ot s @ uwwam s oo oo ows fees
el e
R s vl s @ omezam  sm om0 oo ous e
SIS . @ omewosy  au  oe s om0 men
E— B @ eessey e o s oo resn





OEBPS/Images/fonc-10-564248-g009.jpg
.=

avools unde-g





OEBPS/Images/fonc-10-564248-g006.jpg
B 4






OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-10-564248-g004.jpg
e

) HR(@S%C)  Weight
Mukitar 2012 — 170(101,278) 4321
Yn2014 _— 522(1.80,15.16) 976
Minami 2010 — 234(101,539) 1580
Nickas 2018 e 243(112,525) 1856
Ha2010 12,54 (2.25,70.02)3.75
Nicklas 2018 592(1.94,1801) 892

Overal (isquared = 48.7%,p = 257(1.84,358)  100.00

= F —





OEBPS/Images/fonc-10-564248-g001.jpg
Searched PubMed, Web of
Science, Embase, and
Cochrane library: 379 records
for initial evaluation

314 records screened on title

and abstract

33 records for Tull text
evaluation

281 records excluded:
Irrelevant: n=149

~Case report: n=23
-Review: n=86

“Letters and comments: n=9
~Non-English: n=14

20 records excluded:
-No sufficient data: n=15

No eligible control: n=

13 articles eventually included






OEBPS/Images/fonc-10-564248-g008.jpg
IR
(05105 ond svoois.

o a
= foos





OEBPS/Images/table1.jpg
Firstauthor  Year

Zang(5) 2017
Wang (17) 2018
Part 2018
Pars (16,20) 2014
Mk (19 2012
Mciaman (13) 2011

Yon 2014
Ha (29) 2010
Meami2) 2010
Mir (14) 2017
Noas(27) 2018
Kon 2018
Fan (30 2012

Country

onna
Cna
Sweden
Sweden
Amerca
roang
Korea
Kotea
Japan
Amarica
st
Korea
onna

No. o patients

17
140
&
a
116
25
6
108
7
an
158
o
125

“Tumor type

Breast cancer
Broast cancer
Breast cancer

0soc
Broast cancer
Broast cancer
Prostato cancor
NMIEC

Bladdor cancer

Breast cancer
NMIBC
NscoL

Gastrc cancor

Method

o
e
e
e
e

ATFCR
o

RT-PCR
o

AcuA
e
e
e

Cuteoft

N
NR
o2t
WG 21+
N
NR
ot
1712 10° coplesh
G score 22
AQUA score 59527
o2
HC 21+
Posivo cels 264

Outcome

os
osors
oFs
os
S
osoFs
FFS
s
S
osoFs
RFSPFS
oFs
os

Analysis

Kaplon Moo curves:
Muitarato
Kaplan-Meiercuves
Muitarato
Kaplan Meier curves.
Univasto
Multarate
Moltvarate
Mtivarto
Mutvarto
Multarato
Kaplan Mo cunves
Kaplan-Meier cunves:

H

G, Immemohstochemsty; AQUA, automatod quantiaio mmoforesconce: AT POR, 04rso ranscipaso poymorasd chai aacton; OS, Overal suna: FS, Dieaso-100
vl PR, Progrossion a0 sunival RFS, Rocuron-+00 suna NR, Not 1apotod: NOS. Newcast-Ottwa Scal: OSCG, oal squamous ol carciroma; NMIBG, non-muscl
Insshe bickiy cancar ASCEL. o easel cal catchion of e And.





