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Abstract
BACKGROUND
[bookmark: OLE_LINK4434][bookmark: OLE_LINK4435]Gastric cancer (GC) is one of the most common malignancies in China with a high morbidity and mortality.

AIM
[bookmark: OLE_LINK4436][bookmark: OLE_LINK4437][bookmark: OLE_LINK4440][bookmark: OLE_LINK4472]To determine whether interleukin (IL)-31, IL-32, and IL-33 can be used as biomarkers for the detection of GC, via evaluating the correlations between their expression and clinicopathological parameters of GC patients.

METHODS
Tissue array (n = 180) gastric specimens were utilised. IL-31, IL-32, and IL-33 expression in GC and non-GC tissues was detected immunohistochemically. The correlations between IL-31, IL-32, and IL-33 expression in GC and severity of clinicopathological parameters were evaluated. Survival curves were plotted using the Kaplan-Meier method/Cox regression. Circulating IL-31, IL-32, and IL-33 were detected by ELISA.

RESULTS
We found that the expression levels of IL-31, IL-32, and IL-33 were all lower in GC than in adjacent non-GC gastric tissues (P < 0.05). IL-33 in peripheral blood of GC patients was significantly lower than that of healthy individuals (1.50 ± 1.11 vs 9.61 ± 8.00 ng/mL, P <0.05). Decreased IL-31, IL-32, and IL-33 in GC were observed in younger patients (< 60 years), and IL-32 and IL-33 were lower in female patients (P < 0.05). Higher IL-32 correlated with a longer survival in two GC subgroups: T4 invasion depth and TNM I-II stage. Univariate/multivariate analysis revealed that IL-32 was an independent prognostic factor for GC in the T4 stage subgroup. Circulating IL-33 was significantly lower in GC patients at TNM stage IV than in healthy people (P < 0.05).

CONCLUSION
Our findings may provide new insights into the roles of IL-31, IL-32, and IL-33 in the carcinogenesis of GC and demonstrate their relative usefulness as prognostic markers for GC. The underlying mechanism of IL-31, IL-32, and IL-33 actions in GC should be further explored.
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[bookmark: OLE_LINK4737][bookmark: OLE_LINK4738]Core Tip: Gastric cancer (GC) is one of the most common malignancies in China with a high morbidity and mortality. This study aimed to determine whether interleukin (IL)-31, IL-32, and IL-33 can be used as biomarkers for the detection of GC, via evaluating the correlations between their expression and clinicopathological parameters of GC patients. IL-31, IL-32, and IL-33 expression in GC was correlated with the severity of clinicopathological parameters. Circulating IL-33 was significantly low in GC patients. Our findings may provide new insights into the roles of IL-31, IL-32, and IL-33 in the carcinogenesis of GC.

INTRODUCTION
[bookmark: OLE_LINK4470][bookmark: OLE_LINK4471][bookmark: OLE_LINK4443][bookmark: OLE_LINK4444]Gastric cancer (GC) is one of the most common malignancies in China with a high morbidity (approximately 24%) and mortality (approximately 17%)[1] and is ranked third amongst malignant tumours[2]. Despite the more widespread use of recently developed diagnostic techniques, including endoscopic examination, many GC patients are diagnosed at advanced stages, resulting in a poor 5-year survival rate (< 20%). This emphasises the critical need for development of a reliable biomarker(s)[3] with high specificity and sensitivity, to improve the prediction of prognosis for more successful outcomes for GC patients. Endoscopic examination provides a useful approach in the early detection of GC and in reducing cancer-related mortality.
Immunity is critically important in inhibiting the development of malignancy[4], but the precise underlying mechanism concerning how host defence is involved in the oncogenesis of GC remains to be explored[5]. The role of pro-inflammatory and anti-inflammatory responses during the development of malignancy has been well established to be able to either stimulate or inhibit the growth of a cancer[4,6]. The actions of the immune checkpoint molecules PD-1 and CTLA-4 have been elegantly demonstrated[7] to inhibit anti-cancer immunity during oncogenesis[8]. In addition, the molecular basis of carcinogenesis has also been studied within the gastrointestinal system[9]. Furthermore, a new classification of GC has recently been proposed based on subtype pathway clustering[10].
[bookmark: OLE_LINK4445][bookmark: OLE_LINK4446][bookmark: OLE_LINK4426][bookmark: OLE_LINK4427]Helicobacter pylori (H. pylori), a spiral Gram-negative rod that infects and colonizes the human stomach in 50% of the human population, is a definite human oncogenic agent[11]. In addition, it has been suggested that H. pylori contributes to > 60% of all GCs, although the precise underlying mechanisms are complex[12]. It has been well illustrated by the Nobel laureate Barry Marshal that chronic gastric ulceration is caused by H. pylori infection, which can be eliminated by a cocktail of antibiotics[13]. It has been reported that the constitutive levels of interleukin 32 (IL-32) in both the gastric mucosa and GC tissue is upregulated in H. pylori infection[14]. Thus, it is reasonable to speculate that host immunity plays a critical role during the development of GC.
The cell-mediated immune response is extremely important in defence against tumour development, since compromised host immunity is known to contribute to the establishment, proliferation, and metastasis of malignant tumours[15]. Although high host inflammatory status has been reported in the tumour microenvironment, an incompetent inflammatory/immune response will lead to tumour progression[16].
IL-31, an immunoregulatory cytokine secreted mainly by activated Th2 cells, plays a major role in the process of chronic inflammation[17]. However, the involvement of IL-31 in the pathogenesis of cancer is unclear. Recent studies have shown that malignant T‑cells produce IL-31, with an associated increase in serum levels of IL-31[18]. Additionally, in the advanced stages of cutaneous T cell lymphoma, improved pruritus in patients correlates with lower levels of IL-31[19].
IL-32, a pro-inflammatory cytokine, is highly produced in several autoimmune diseases, e.g., rheumatoid arthritis, inflammatory bowel disease, and atopic dermatitis[20,21]. However, by contrast with autoimmune and inflammatory diseases, the role of IL-32 appears to differ amongst different forms of cancer, e.g., IL-32 exhibits anti-tumour effects in human colon cancer and leukaemia[22,23], however, it promotes tumorigenesis in human pancreatic cancers[24]. The role of IL-32 in GC is controversial, i.e., one study found that IL-32 expression is elevated in GC compared with normal stomach tissue[14], while another study reported that there is no significant difference between GC and normal stomach tissue[25]. The precise role of IL-32 in tumorigenesis of GC and other malignancies remains to be fully explored. An additional controversial finding, however, has also reported that there is substantially reduced IL‑32 expression in the GC tissue of patients with the diffuse type of GC[26]. These divergent observations concerning IL-32 expression in GC may be due to different races and/or different tumour micro‑environments.
IL-33, a member of the IL-1 family, regulates innate and adaptive immunity as a potent inducer of pro-inflammatory cytokines. The involvement of IL-33 in non-small cell lung cancer is controversial, i.e., high IL-33 has been found to be of diagnostic and prognostic value[27], but another group has reported no significant associations[28]. The possible role of IL-33 in GC remains to be explored. IL-33 promotes GC invasion and migration via stimulating production of MMP-3 and IL-6 in vitro, using the ST2‑ERK1/2 pathway[29], which has been confirmed in a GC animal model by ablation of the cognate IL-33 receptor ST2[30]. IL-33 mRNA expression is significantly higher in GC tissue compared to that of non-cancer tissue[31], suggesting that IL-33 promotes the development of GC. However, another controversial report failed to demonstrate an association between IL-33 and the overall 5-year survival rate[32].
In this study, we specifically assessed the relationships among IL-31, IL-32, and IL-33 in GC utilising the same cohort of patients. We aimed to identify the expression of IL-31, IL-32, and IL-33 in GC and assess their inter-correlations and clinical significance. Our data may provide useful information for both basic understanding of tumour immunology and/or therapeutic targets for GC patients.

MATERIALS AND METHODS
Patients and samples
GC tissues and adjacent histologically normal gastric tissues (control) were obtained from 180 GC patients undergoing subtotal gastrectomy at the Affiliated Hospital, Xuzhou Medical University, China between 2015 and 2020. None of these patients had a total gastrectomy. These GC patients were comprised of 140 males and 40 females, aged from 23 to 85 years. No chemotherapy was administered to these patients prior to subtotal gastrectomy. There were no cases of local recurrences within the stomach after subtotal gastrectomy among the 180 GC patients included in the study. Non-cancer tissues were also collected (n = 159), but did not include cases without a mucosal layer present under microscopic examination (n = 21). This study was approved by the Human Ethical Committee, the Institutional Review Boards of Affiliated Hospitals of Xuzhou Medical University.

Immunohistochemistry
Sections (5 µm) from tissue microarray blocks were labelled with three antibodies, as described previously[33]. The antibodies used are: Rabbit anti-IL-31 polyclonal antibody (22859-1-AP, Proteintech, China), rabbit anti-IL-32 polyclonal antibody (11079-1-AP, Proteintech), and rabbit anti-IL-33 polyclonal antibody (12372-1-AP, Proteintech, China). The dilution for all three antibodies was 1:100. A horseradish peroxidase-conjugated secondary antibody (12127A07, Beijing Sequoia Jinqiao Biological Technology Co., Ltd.) was used. The specific target(s) were visualized with a DAB detection kit (Beijing Sequoia Jinqiao Biological Technology Co., Ltd.) and counterstained with hematoxylin.
Photomicrographs from each of the tissue arrays were taken with a fixed exposure time and colour balance to ensure consistency. IL-31, IL-32, and IL-33 production was quantified using ImagePro Plus9.1 (Media Cybernetic, Silver Spring, MD, United States), as described previously[34].

ELISA for IL-31, IL-32, and IL-33
[bookmark: OLE_LINK4447][bookmark: OLE_LINK4448]To determine if there was a correlation between GC and circulating IL-31, IL-32, and IL-33, we enrolled prospectively ten GC patients prior to preoperative chemotherapy in the Affiliated Hospital, Xuzhou Medical University, China. Blood from ten healthy age and sex matched persons presenting for a routine health check-up were collected as controls. Consent was obtained from both GC patients and healthy controls. The circulating cytokine study was also approved by the Human Ethical Committee, the Institutional Review Boards of the Affiliated Hospitals of Xuzhou Medical University. Plasma samples were collected from subjects and stored at -80 °C until analysis. The concentrations of IL-31, IL-32, and IL-33 were determined using an ELISA instrument (Bio-Rad 550, United States) at 450 nm, following the manufacturers’ instructions for human IL-31 (KGEHC141, KeyGEN BioTECH, Nanjing, Jiangsu Province, China), IL-32 (SEB802Hu, Cloud-Clone Corp, Wuhan, Hubei Province, China) and IL-33 (KGEHC151, KeyGEN BioTECH). All samples were tested in duplicate.

Statistical analysis
[bookmark: OLE_LINK4449][bookmark: OLE_LINK4450][bookmark: OLE_LINK4483]GraphPad Prism 6.0 and SPSS 16.0 statistical software packages were used for the statistical analysis of the results of immunohistochemistry and ELISA. Comparison between two groups was performed via the Mann-Whitney U-test. Comparisons among multi-groups were performed via the Kruskal-Wallis test. Low and high cut-off values for cytokine expression were defined by receiver operating characteristic (ROC) curve analysis. Survival curves were plotted by the Kaplan-Meier method and compared by the log-rank test. Cox proportional hazards model was used to identify the prognostic factors that influenced survival. P < 0.05 was considered statistically significant[35].

RESULTS
Baseline characteristics of patients
The detailed patients’ information is presented in Table 1. Notably, there were four early GC patients, specifically stage T1 patients, among the 180 GC patients involved (Table 1). The management of patients after gastric resection uniformly followed the 2018 Chinese guidelines for diagnosis and treatment of GC, the National Health Commission of The People's Republic of China[36]. All patients had complete clinical information. Among them, 77 had follow-up until their death or until their most recent contact. The other patients were lost to follow-up (Figure 1). There were 42 cancer‑related deaths among the 77 patients (54.5%). Thus, amongst the 77 cases, 6 were stage I, and 32 were stage II.

Local expression of IL-31, IL-32, and IL-33 in GC tissue and in peripheral blood of GC patients
The expression levels of IL-31 (Figure 2A and B), IL-32 (Figure 2E and F), and IL-33 (Figure 1I and J) in GC tissue were investigated using immunohistochemistry. The densities of IL‑31 (Figure 1C), IL-32 (Figure 2G), and IL-33 (Figure 2K) are presented as box plots, including medians and 25th and 75th percentiles. IL-31, IL-32, and IL-33 were decreased by 9.4%, 28.2% and 27.5%, respectively, in GC compared to histologically normal adjacent gastric tissues (P < 0.05).
There was no significant difference in IL-31 (Figure 2D) or IL-32 (Figure 2H) concentration in the peripheral blood between GC patients and heathy controls. However, the mean value for IL-33 levels in peripheral blood of GC patients was 1.50 ± 1.11 ng/mL, which was significantly lower than that of healthy individuals (9.61 ± 8.00 ng/mL; P < 0.05) (Figure 2L).

Correlation between IL-31, IL-32, and IL-33 expression in GC and clinicopathological parameters
Associations between clinicopathological parameters and IL-31, IL-32, and IL-33 expression are listed in Table 1, Figures 3 and 4, and Supplementary Figures 1 and 2. All three ILs were associated with the age of GC patients (Figure 3A-D, IL-31; Figure 3E-H, IL-32; Figure 3I-L, IL-33). There was significantly lower expression of IL-31, IL-32, and IL-33 in the group of GC patients aged ≤ 60 years compared to the patients aged > 60 (P < 0.05). Significantly lower IL-32 (Figure 4A-D) and IL-33 (Figure 4E-H) expression was also observed in female GC patients compared to male GC patients (P < 0.05). However, no significant difference was observed in IL-31 expression when GC patients were stratified by sex (Supplementary Figure 2). Additionally, there were no correlations observed among IL‑31, IL-32, and IL-33 and other parameters, such as tumour size, lymph node metastasis, tumour differentiation, tumour invasion depth (Supplementary Figure 1), and TNM stage (Supplementary Figure 2) of GC.

Prognostic cytokines for overall survival of GC patients
[bookmark: OLE_LINK4451][bookmark: OLE_LINK4452]To evaluate whether decreased IL-31, IL-32, and IL-33 correlate with survival of GC patients, low and high cut-off points for IL-31 (Figure 5A), IL-32 (Figure 5B), and IL-33 (Figure 5C) were defined by ROC curve analysis (Figure 5). The cut-off values for the three ILs were determined to be: IL-31, 1486000 AU; IL-32, 64893 AU; IL-33, 166291 AU. Kaplan-Meier survival curves were constructed to compare the survival of GC patient with high and low expression of IL-31 (Figure 5D), IL-32 (Figure 5E), and IL‑33 (Figure 5F). The data revealed that there were no correlations between IL-31, IL-32, and IL-33 expression and the prognosis of GC patients (Figure 4). However, Kaplan-Meier analysis was applied to further compare overall survival according to IL-31 (Figure 5G), IL-32 (Figure 5H), and IL‑33 (Figure 5I) expression in different subgroups of GC (Figure 5). Figure 4 shows that decreased IL-32 staining correlated with a significantly worse survival of patients in the TNM I-II stage subgroup (P = 0.006) (Figure 5K) and in the tumour invasion depth T4 subgroup (P = 0.004). There were no significant differences in the other clinicopathological subgroups of GC for IL-31, IL-32, and IL-33 (Supplementary Figures 3-5). Furthermore, there was no significant differences in the combination of IL-31, IL-32, and IL-33 expression for the prognosis of GC patients (Supplementary Figure 6).

Correlation of IL-32 with overall survival in subgroups of GC patients
Univariate and multivariate Cox regression analyses were used to examine whether IL-32 is an independent prognostic marker for subgroups of GC patients, including IL‑32 expression level, age, sex, tumour differentiation, lymph node invasion, tumour size, depth of tumour invasion, and TNM stage.
Data from patients within the T4 stage subgroup, analysed by univariate analysis, exhibited a correlation between the survival of GC patients and IL-32 expression and TNM stage. In multivariate analysis, IL-32 expression and TNM stage remained as significant independent prognostic factors for survival of GC patients (Table 2).
Furthermore, decreased survival of GC patients in the TNM I-II stage subgroup was found to correlate with lymph node metastasis and tumour size on univariate analysis, but not on multivariate analysis. However, both univariate and multivariate analyses revealed no significant correlations between decreased IL-32 expression and survival of GC patients in the TNM I-II stage subgroup of GC patients (Table 3).

DISCUSSION
The current study demonstrated that the levels of expression of IL-31, IL-32, and IL-33 were all decreased in GC tissue compared to adjacent non-cancer gastric tissue and that the extent of these reductions in expression was higher in younger patients below the age of 60 years. Additionally, in the case of IL-32 and IL-33, their expression was found to be lower in females compared to males. However, the levels of expression of all three ILs amongst all the GC patients as a group did not correlate with a survival benefit, although subgroup analysis did reveal a survival benefit associated with higher levels of expression of IL-32 in the T4 stage and the TNM I-II stage subgroups.
H. pylori, a spiral Gram-negative rod that infects the human stomach in 50% of humans, is a definite human oncogenic agent[11], consistent with the previous finding that  H. pylori contributed to > 60% of all GCs[12]. It has been clearly demonstrated by the Nobel laureate Barry Marshal that chronic gastric ulceration is caused by H. pylori infection[13]. The constitutive level of IL-32 is upregulated in both the gastric mucosa and GC tissue infected with H. pylori[14]. The cell-mediated immune response is extremely important in defence against tumour development, since compromised host immunity contributes to the establishment, proliferation, and metastasis of malignant tumours[15], a concept that is further supported by others who have shown that incompetent inflammation/immunity leads to tumour progression[16].
IL-31, an immunoregulatory cytokine secreted mainly by activated Th2 cells, plays a major role in the process of chronic inflammation[17]. However, the involvement of IL‑31 in the pathogenesis of cancer is unclear. Malignant T‑cells produce IL-31, consistent with increased circulating IL-31[18]. Additionally, in the advanced stages of cutaneous T cell lymphoma, improved pruritus in patients correlates with lower levels of IL-31[19].
We found decreased IL-31 in GC patients, particularly in younger patients. Our data are consistent with other studies that have shown that younger patients are more likely to have more poorly differentiated tumours compared to older patients with GC, suggesting that younger GC patients have more malignant types of GC[37]. The activity of IL-31 is mediated through the IL‑31 receptor A (IL-31RA) and the oncostatin M receptor[38,39]. The two different isoforms of the IL-31RA consist of either long (745 residues) or short (560 residues) isoforms which may induce contrary functions[40]. Proliferation of follicular lymphoma is enhanced via the long IL-31RA isoform, whereas germinal centre-derived B-cell malignancy is inhibited via the short IL-31RA isoform[41]. There is no direct evidence available that identifies which isoform/s of IL-31RA are activated in GC via the IL-31 signalling pathway. However, our data are consistent with the hypothesis that IL-31 mediates an anti-cancer role in GC through the short IL-31RA isoform.
The involvement of IL-33 in non-small cell lung cancer is controversial, i.e., high IL‑33 has been found to be of diagnostic and prognostic value[27], but another report shows no significant associations[28] between IL-33 and the overall 5-year survival rate[32]. IL-33 promotes GC invasion/migration via stimulating MMP-3 and IL‑6 in vitro[29], which has been confirmed in a GC animal model by ablation of the cognate IL-33 receptor ST2[30]. IL-33 mRNA is significantly higher in GC tissue compared to that of non-cancer tissue[31], suggesting that IL-33 promotes the development of GC.
We observed similar levels of expression of IL-31 and IL-33 in GC, with decreased IL‑33 in both younger GC patients and in female GC patients, which is consistent with data from others, who have shown that female sex is a significant factor for predicting a higher likelihood of lymph node metastasis in mucosa-confined, poorly differentiated GC[42]. IL-33 is a multifunctional cytokine that can bind to the IL-33 receptor (ST2), to regulate immunity via activating Th1 cells, Th2 cells, CD8+ T cells, and NK cells[43,44]. There are two forms of ST2: The transmembrane form ST2L that when bound to IL-33, is able to activate target cells[45], and the soluble, secreted form of ST2 (sST2) that acts as a decoy receptor and negatively regulates IL-33 signalling[46]. The possible role of IL‑33 in carcinogenesis has been demonstrated in an IL-33 transgenic mouse metastasis model, demonstrating inhibition of the growth and metastasis of B16 melanoma and Lewis lung carcinoma cells, via activating CD8+ T cells and NK cells[47]. Thus, these data may be useful for future therapeutic design, utilising the anti-cancer role of IL-33 in GC.
IL-32, a proinflammatory cytokine, is highly expressed in several autoimmune diseases, e.g., rheumatoid arthritis, inflammatory bowel disease, and atopic dermatitis[20,21]. However, the role of IL-32 appears to vary amongst different forms of cancer, e.g., IL‑32 has been reported to inhibit colon cancer and leukaemia[22,23], but promotes pancreatic cancer[24]. The role of IL-32 in GC is also controversial, i.e., IL-32 is elevated in GC compared with normal stomach tissue[14], but other groups have found either substantially reduced IL‑32 expression in GC for the diffuse type of GC[26], or no significant difference has been observed between GC and normal stomach tissue[25]. These divergent observations concerning IL‑32 expression in GC may be due to different races and/or different tumour micro-environments.
We found that the expression of IL-32 was decreased in both younger patients and in female patients with GC, consistent with more severe forms of GC in younger and female patients, suggesting that IL-32 may mediate host defence against the development of GC. Furthermore, we found that high IL-32 expression correlated with a longer survival of GC patients, in the T4 stage and TNM I-II stage subgroups and that IL‑32 was an independent prognostic factor for survival in the T4 stage subgroup. Interestingly, the IL-32 positive rate in GC (12%) has been reported to be much lower than the rate in oesophageal squamous cell carcinoma (60%), but no comparison to non-cancerous tissues has been made[48,49]. Thus, we propose a hypothesis for the possible mechanism of IL-32 involvement in carcinogenesis as follows: Because IL-32 contributes to the host defence via enhancing differentiation of monocytes into macrophages[50], decreased IL-32 in GC tissue, seen particularly amongst the younger or female patients, may compromise host innate immunity, and subsequently contribute to poorly controlled development of cancer. Notably, macrophages are classified as either classical M1 macrophages that promote the inflammatory response against microorganism invasion and are thought to inhibit carcinogenesis, or as M2 macrophages that regulate host immunity and are thought to promote carcinogenesis[51]. It remains to be clarified whether tumour‑associated macrophages in GC are derived from one subset or the other, which either promote the development of cancer (M2) or suppress cancer growth (M1), which is perhaps dependent on the tumour microenvironment[52]. For example, IL-32 can induce cell death in thyroid cancer cells through the induction of IL-8 and caspase-8[53], subsequently up-regulating the proinflammatory response.
IL-32 may also be able to inhibit tumour growth indirectly, hence it may be efficacious as a clinical anti-cancer therapy[54]. For example, the application of siRNA to inhibit IL-32 enhances angiogenesis in HUVECs[55] via up-regulation of VEGF and PDGF. Our current findings showed an inverse correlation between IL-32 and the development of GC, suggesting that IL-32 inhibits the development of cancer directly and/or indirectly, which will be further investigated in future experiments.
Finally, the levels of circulating IL-31, IL-32, and IL-33 were found to be consistent with their respective expression levels in GC tissue, further supporting the relevance of the potential role for these cytokines in mediating tumour-related immunity. However, we hypothesise that the host systemic and/or local inflammatory/immune response may be insufficient to inhibit the development of GC, among the GC cohorts studied, leading to tumour progression[16].
Unfortunately, no correlation with survival of GC patients was observed among any combination of IL-31, IL-32, and IL-33 expression, a similar result that we have reported previously for the relationship with IL-34 in GC[35]. The current observations are consistent with others, showing that there is no significant correlation between IL-33 expression and overall survival[32]. However, the advantage of our current data is the analysis for the combined IL-31, IL-32, and IL-33 data, to determine the correlation with GC patients from the same cohort. It remains to be explored why there is a discrepancy among IL-31, IL-32, IL-33, and IL-34 during the development of GC, which may be due to different receptors and/or signalling pathways, which will be clarified in the conditioning knockout mice in future studies.
There are some limitations for the current study. First, the number of GC patients and normal individuals who were sampled was rather small for the evaluation of circulating cytokines, using ELISA. However, this pilot study was undertaken to simply provide proof of concept that a systemic response is involved compared to only local cytokine expression in the affected gastric tissues, as well as to support our immunohistochemistry findings. A study with a larger sample size and a range of different backgrounds will be performed in the future.
Second, the stomach tissue of normal healthy people would be the ideal control for GC for comparison, and would offer more convincing evidence. However, we were unable to collect any normal healthy stomach tissue due to ethical issues. We are applying for human ethics approval for the collection of normal healthy stomach tissue from organ donors in the future.
The GC patient cohort recruited for this study was initially set at a reasonable size, i.e., 180 in total, to establish sufficient power to detect clinically relevant differences in the expression levels of the ILs that we examined. Regrettably, more than half of the patients were lost to follow-up during the course of the study, and only 77 GC patients had complete follow‑up data (Figure 5). The data in relation to expression levels were based on all 180 patient samples that were initially recruited to ensure that the study was sufficiently powered to detect the potential role of IL‑31, IL‑32, and IL‑33 during the development of GC. If we had only selected the 77 GC patients with complete follow-up data for all aspects of this study, we would be highly likely to lose some important information and/or statistical power in exploring the correlation of these cytokines with clinical presentations. However, the survival analysis could only be performed on the adequately followed sub-cohort of 77 patients. We are currently collecting more samples with a full history and complete follow-up data in collaboration with other institutes, i.e., a larger number of samples for more convincing information for our future studies.
Because there was no local recurrence of GC within the current cohort, we cannot explore the potential role of these cytokines in the prediction of local recurrence of GC. We are currently searching for both primary and recurrent GC cases for future study.

CONCLUSION
In summary, our data demonstrate that IL-31, IL-32, and IL-33 expression in GC is all decreased, which correlates with younger age of the GC patients. IL-32 and IL-33 also correlate with the sex of the GC patients. Decreased IL-32 correlates with a poorer survival of GC patients in the T4 stage and TNM I-II stage subgroups. Downregulation of IL-32 is an independent prognostic factor for survival of T4 GC patients. Finally, low IL-33 in peripheral blood may be considered as an objective predictive marker for the development of GC. However, further studies are required to investigate the mechanism of action of these ILs in GC.

ARTICLE HIGHLIGHTS
Research background
Gastric cancer (GC) is one of the most common malignancies in China with a high morbidity and mortality. Despite the more widespread use of recent diagnostic techniques, including endoscopic examination, many GC patients are diagnosed at advanced stages, resulting in a poor 5-year survival rate, emphasizing the critical need for development of a reliable biomarker(s) with high specificity and sensitivity to improve the prediction of prognosis for more successful outcomes for GC patients. Endoscopic examination provides a useful approach in the early detection of GC, and in reducing cancer-related mortality.

Research motivation
The cell-mediated immune response is extremely important in defence against tumour development, since compromised host immunity is known to contribute to the establishment, proliferation, and metastasis of malignant tumours. Although high host inflammatory status has been reported in the tumour microenvironment, an incompetent inflammatory/immune response will lead to tumour progression.

Research objectives
We aimed to identify the expression of interleukin (IL)-31, IL-32, and IL-33 in GC and assess their inter-correlation and clinical significance.

Research methods
GC tissues were obtained from patients without local recurrences for immunohistochemistry to determine the expression of IL-31, IL-32, and IL-33. Additionally, circulating levels of IL-31, 32, 33 were determined using ELISA. The Mann-Whitney U test or the Kruskal-Wallis test was used for statistical analysis.

Research results
IL-31, IL-32, and IL-33 expression was all lower in GC than in adjacent non-cancer gastric tissues (P < 0.05). IL-33 level in peripheral blood of GC patients was significantly lower than that of healthy individuals (1.50 ± 1.11 vs 9.61 ± 8.00 ng/mL, (P < 0.05). Decreased IL-31, IL-32, and IL-33 expression in GC was observed in younger patients (< 60 years), and IL-32 and IL-33 expression was lower in female patients (P < 0.05). Higher IL-32 expression correlated with a longer survival in two GC subgroups: T4 invasion depth and TNM stage I-II. Univariate/multivariate analysis revealed that IL-32 was an independent prognostic factor for GC in the T4 stage subgroup. Circulating IL-33 was significantly lower in GC patients at TNM stage IV than in healthy people (P < 0.05).

Research conclusions
IL-31, IL-32, and IL-33 expression in GC is all decreased, which correlates with younger age of the GC patients. IL-32 and IL-33 expression also correlates with the sex of the GC patients. Decreased IL-32 correlates with a poorer survival of GC patients in the T4 stage and TNM stage I-II subgroups. Down-regulation of IL-32 is an independent prognostic factor for survival of T4 GC patients. Finally, low IL-33 in peripheral blood may be considered as an objective predictive marker for the development of GC.

Research perspectives
Further studies are required to investigate the mechanism of action of these ILs in GC.
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[bookmark: OLE_LINK4473][bookmark: OLE_LINK4474][bookmark: OLE_LINK4484][bookmark: OLE_LINK3641]Figure 1 Flow chart for recruitment of gastric cancer patients. GC: Gastric cancer.
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[bookmark: OLE_LINK4475][bookmark: OLE_LINK4476][bookmark: OLE_LINK4479][bookmark: OLE_LINK4480][bookmark: OLE_LINK4489]Figure 2 Representative images of immunohistochemical staining for interleukin-31, interleukin-32, and interleukin-33 and their densities in non-cancerous and gastric cancer tissues, as well as their levels in peripheral blood of gastric cancer patients and healthy individuals. A-C: Positive (brown) interleukin (IL)-31 expression in gastric cancer (A) and noncancerous tissues (B) and quantified data (C); D, H, and L: IL-31 (D), IL-32 (H), and IL-33 (L) levels in peripheral blood from gastric cancer (GC) patients and healthy controls; E-G: Positive IL-32 expression in gastric cancer (E) and noncancerous tissues (F) and quantified data (G); I-K: Positive IL-33 expression in gastric cancer (I) and noncancerous tissues (J) and quantified data (K). The densities of IL-31 and IL-33 were all decreased in GC compared to tumour-adjacent normal gastric tissues. Magnification, 600 ×. aP < 0.05; bP < 0.01; cP < 0.0001; dP < 0.05. GC: Gastric cancer; IL: Interleukin.
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[bookmark: OLE_LINK4481][bookmark: OLE_LINK4482]Figure 3 Correlation of interleukin-31, interleukin-32, and interleukin-33 expression with age. A-D: Positive (brown) interleukin (IL)-31 expression in gastric cancer tissues from patients aged < 60 (A) vs > 60 (B) years and noncancerous tissues (C) plus quantified data (D); E-H: Positive (brown) IL-32 expression in gastric cancer tissues from patients aged < 60 (E) vs > 60 (F) years and noncancerous tissues (G), and quantified data (H); I-L: Positive (brown) IL‑33 expression in gastric cancer tissues from patients aged < 60 (I) vs > 60 (J) years and noncancerous tissues (K) plus quantified data (L). IL-32 and IL-33 were all decreased in the group of gastric cancer patients aged less than or equal to 60 years. aP < 0.01; bP < 0.01; cP < 0.0001; dP < 0.01; eP < 0.0001; fP < 0.05; gP < 0.05. IL: Interleukin.
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Figure 4 Correlation of interleukin-32 and interleukin-33 expression with sex. A-D: Positive (brown) interleukin (IL)-32 expression in gastric cancer tissues from female (A) vs male (B) patients and noncancerous tissues (C) plus quantified data (D); E-H: Positive (brown) IL-33 expression in gastric cancer tissues from female (E) vs male (F) patients and noncancerous tissues (G) plus quantified data (H). IL-32 and IL-33 both decreased in female patients with gastric cancer. aP < 0.001; bP < 0.05; cP < 0.0001; dP < 0.01; eP < 0.05. IL: Interleukin.
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[bookmark: OLE_LINK4485][bookmark: OLE_LINK4486][bookmark: OLE_LINK4490][bookmark: OLE_LINK4491][bookmark: OLE_LINK4496][bookmark: OLE_LINK4497]Figure 5 Receiver operating characteristic curves, correlation of interleukin-31, interleukin-32, and interleukin-33 with prognosis of gastric cancer, and subgroup analysis for patients at T4 stage and TNM stage I-II. A-C: The specificity (X-axis) vs sensitivity (Y-axis) of interleukin (IL)-31 (A), IL-32 (B), and IL-33 (C); D-F: Comparison of 5-year survival rate between patients with high and low IL-31 (D), IL-32 (E), and IL-33 (F) expression; G-I: Comparison of 5-year survival rate between patients with high and low IL-31 (G), IL-32 (H), and IL-33 (I) expression in the T4 subgroup; J-L: Comparison of 5-year survival rate between patients with high and low IL-31 (J), IL-32 (K), abd IL-33 (L) expression in the TNM stage 2 subgroup. ROC curves analysis displayed the poor diagnostic potential of IL-31, IL-32, and IL-33 expression for GC. The cut-off point and area under the curve were: IL-31: 1.486 × 106, area under the curve (AUC) = 0.563; IL-32: 64893, AUC = 0.603; IL-33: 166291, AUC = 0.646. Kaplan-Meier survival analysis of GC patients showed that decreased IL-32 expression correlated with a poor survival of GC patients in the T4 and TNM I-II subgroups. IL: Interleukin; AUC: Area under the curve.


[bookmark: OLE_LINK4498][bookmark: OLE_LINK4499]Table 1 Correlations between interleukin-31, interleukin-32, and interleukin-33 expression and clinical/pathological features  in patients with gastric cancer (n = 180)
	Characteristic
	Patient number
	IL-31 median
	P value
	IL-32 median
	P value
	IL-33 median
	P value

	All cancer
	180
	1.333 × 106
	
	99245
	
	125998
	

	Noncancer (non)
	159
	1.472 × 106
	0.043
	138164
	0.001
	173818
	< 0.0001

	Gender

	Male
	140
	1.344 × 106
	
	106075
	
	143830
	

	Female
	40
	1.208 × 106
	0.329
	81009
	0.040
	89697
	0.029

	Age
	
	
	
	
	
	
	

	≤ 60
	79
	1.082 × 106
	
	74098
	
	106857
	

	> 60
	101
	1.404 × 106
	0.007
	122682
	0.001
	148615
	0.026

	Tumour size (diameter)

	< 5 cm
	87
	1.325 × 106
	
	98583
	
	122572
	

	≥ 5 cm
	93
	1.335 × 106
	> 0.999
	101583
	> 0.999
	126415
	> 0.999

	Lymph node metastasis

	No
	75
	1.404 × 106
	
	106075
	
	143359
	

	Yes
	105
	1.267 × 106
	0.284
	93196
	0.671
	113657
	0.3

	Differentiation

	High
	14
	1.609 × 106
	H/M>1
	114379
	H/M>1
	171038
	H/M: > 0.999

	Moderate
	78
	1.393 × 106
	H/L: 0.6
	113024
	H/L> 1
	142850
	H/L: 0.2

	Low
	88
	1.146 × 106
	M/L: 0.3
	91551
	M/L: 0.4
	104570
	M/L: 0.1

	Invasion depth

	T1
	4
	2.072 × 106
	
	218529
	T1/T3: 0.5, T1/T4: 0.6
	156096
	

	T2
	27
	1.600 × 106
	
	110353
	
	143582
	

	T3
	75
	1.208 × 106
	
	98367
	
	116081
	

	T4
	74
	1.318 × 106
	All > 1
	96542
	T1/T2, T2/T3, T2/T4, T3/T4, all > 1 
	125941
	All > 1

	TNM

	I
	12
	1.355 × 106
	
	98583
	
	142117
	I/IV: 0.8

	II
	70
	1.414 × 106
	
	113560
	II/ IV: 0.6
	147031
	II/III: 0.3, II/IV: 0.1

	III
	92
	1.288 × 106
	
	87667
	
	107919
	III/IV: 0.7

	IV
	6
	0.950 × 106
	All > 1
	54851
	I/II, I/III, I/IV, II/ III, III/IV, all > 1
	52195
	I/II, I/III>1


IL: Interleukin.


[bookmark: OLE_LINK4500][bookmark: OLE_LINK4501]Table 2 Univariate and multivariate analyses of clinicopathological factors affecting survival of patients with gastric cancer at T4 stage
	Variables analysis 
	Univariate HR (95%CI)
	P value
	Multivariate HR (95%CI) 
	P value

	IL-32 (low/high)
	4.338 (1.450-12.980)
	0.009
	3.287 (1.024-10.555)
	0.046

	Tumour differentiation (low/moderate)
	0.710 (0.225-2.237)
	0.559
	
	

	TNM
	
	0.008
	
	0.037

	IV (reference)
	1
	
	1
	

	II
	0.034 (0.003-0.423)
	0.008
	0.069 (0.005-0.946)
	0.045

	III
	0.203 (0.018-0.464)
	0.004
	0.127 (0.025-0.646)
	0.013

	Lymph node metastasis (no/yes)
	0.441 (0.098-1.982)
	0.285
	
	

	Diameter (< 5/≥ 5, cm)
	0.475 (0.161-1.404)
	0.178
	
	

	Female/male
	0.912 (0.323-2.573)
	0.862
	
	

	Age (≤ 60/> 60)
	1.950 (0.688-5.529)
	0.209
	
	





Table 3 Univariate and multivariate analyses of clinicopathological factors affecting survival of patients with gastric cancer in TNM I-II stage
	Variable
	Univariate HR (95%CI)
	P value
	Multivariate HR (95%CI)
	P value

	IL-32 (low/high)
	0.180 (0.024-1.370)
	0.098
	
	

	Tumour differentiation
	
	0.947
	
	

	Low (reference)
	1
	
	
	

	High
	1.259 (0.258-6.133)
	0.776
	
	

	Moderate
	0.964 (0.324-2.871)
	0.947
	
	

	Tumour invasion depth
	
	0.546
	
	

	T4 (reference)
	1
	
	
	

	T2
	0.567 (0.059-5.491)
	0.624
	
	

	T3
	1.460 (0.187-11.379)
	0.718
	
	

	Lymph node metastasis (no/yes)
	0.307 (0.108-0.868)
	0.026
	0.490 (0.152-1.578)
	0.232

	Diameter (< 5/≥ 5, cm)
	0.259 (0.092-731)
	0.011
	0.368 (0.112-1.165)
	0.088

	Female/male
	0.522 (0.116-2.340)
	0.396
	
	

	Age (≤ 60/> 60)
	0.562 (0.192-1.646)
	0.293
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