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The level of pretherapeutic serum interleukin-8 (sIL-8) has been demonstrated to correlate with chemoresistance in gastric cancer. However, its clinicopathological significance of sIL-8 in gastric cancer remains unknown. Herein, a total of 335 patients diagnosed with gastric adenocarcinoma were enrolled. The clinicopathological features were collected, and the sIL-8 levels were measured using enzyme-linked immunosorbent assay. The sIL-8 levels ranged from 1.48 pg/ml to 1025.22 pg/ml with > 15.41 pg/ml defined as high according to the receiver operating characteristic analysis. sIL-8 levels were strongly associated with Lauren classification and tumor recurrence. High sIL-8 correlated with lymph node metastasis (LNM) in the intestinal- and diffuse-type tumors and acted as an independent risk factor for LNM in both types. Patients with high sIL-8 levels had worse relapse-free survival than those with low sIL-8 levels. High sIL-8 level was associated with tumor relapse in the intestinal- and diffuse-type tumors, and was also an independent risk factor in the intestinal- and mixed-type tumors. Further analysis revealed that sIL-8 levels were positively associated with LNM and tumor relapse in patients with negative carcinoembryonic antigen (CEA), but not in those with elevated serum CEA levels. In conclusion, this retrospective study demonstrated that the pretherapeutic sIL-8 level has predictive value for LNM and tumor recurrence, and may serve as a potential tumor marker in gastric cancer.
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Introduction

Gastric carcinoma remains the fifth most common malignancy and the third leading cause of cancer-related deaths worldwide, with a much higher incidence in Eastern Asia (1). Lymph node metastasis (LNM) is the prominent route of gastric cancer dissemination, and serves as the most important hallmark of tumor progression, and heralds the dismal prognosis in patients with gastric cancer (2). Albeit many progresses in early detection and comprehensive management of gastric cancer have been made in the past decades, the overall survival of gastric cancer patients remains low with approximately 40% to 60% recurrence rate after radical gastrectomy (3). Several classic tumor markers, such as carcinoembryonic antigen (CEA), have been currently used for screening or monitoring gastric cancer. However, they cannot meet the clinical demands due to low sensitivity and/or low specificity. It is imperative to identify more effective markers for gastric cancer metastasis and/or recurrence.

Previously, we demonstrated that the pretherapeutic serum interleukin-8 (sIL-8) levels correlate with chemoresistance to cisplatin in gastric cancer (4). However, the clinicopathological significance of sIL-8 in gastric cancer remains unknown. As a proinflammatory chemokine, IL-8 is mainly responsible for attracting neutrophils to injury and inflammation sites (5–7). Physiologically, monocytes, endothelial cells, and several epithelial cells can produce IL-8 (8, 9). In cancer, IL-8 has been revealed to be produced by tumor-associated macrophages (TAMs) (10). We have revealed that sIL-8 is mainly derived from cancer-associated fibroblasts (CAFs) in the gastric cancer (4). A growing number of studies have reported that IL-8 plays an important role in promoting tumor development. High sIL-8 levels are considered to be associated with larger tumor sizes, advanced stages, and poor prognoses in many cancer types, including breast cancer, prostate cancer, lung cancer, melanoma, colorectal cancer, and pancreatic cancer (11–13). Furthermore, several studies have suggested that sIL-8 can act as a negative prognostic biomarker in some solid tumors, although further validation is still lacking (8, 14).

CEA is the most commonly used biomarker of gastrointestinal malignant diseases in clinical practice. As a glycoprotein involved in cell adhesion, CEA is usually produced by gastrointestinal tissues and presents at a relatively high level during fetal development. Its level remains low in the blood of healthy adults (15, 16). However, serum CEA levels are significantly increased and are associated with poor prognosis in various types of adenocarcinoma, including colon, gastric or breast cancer (17–20). The prevalence of high serum CEA in gastric cancer ranges from 16% to 68% (21). Although serum CEA level is effective in monitoring gastric cancer patients with high CEA level, the convincing markers with effectiveness and convenience are still lacking in patients with normal serum CEA levels at the initial diagnosis. Furthermore, CEA may be occasionally detected as false-positive due to other non-malignant conditions or environmental exposures (15, 22).

The present study included 335 patients with gastric adenocarcinoma who had not undergone preoperative therapy. The clinicopathological features of these patients were collected and the pretherapeutic sIL-8 levels were assayed to investigate the clinical significance of sIL-8 in gastric cancer. sIL-8 level was revealed to be strongly associated with Lauren classification and tumor recurrence. Relapse-free survival (RFS) analyses indicated that high sIL-8 levels are associated with tumor recurrence in both intestinal- and diffuse-type tumors. High sIL-8 level is an independent risk factor for LNM or tumor recurrence in gastric cancer patients. Further analysis revealed that sIL-8 levels are positively associated with LNM and tumor recurrence in patients with negative CEA, but not in those with elevated serum CEA levels. Collectively, this retrospective study demonstrated that pretherapeutic sIL-8 level is associated with LNM and tumor recurrence, and may act as a potential tumor marker in gastric cancer, especially in patients with negative CEA.



Materials and methods


Patients and peripheral blood samples

A total of 335 patients diagnosed with primary gastric adenocarcinoma as per the American Joint Committee on Cancer (AJCC) criteria between February 2018 and December 2020 at the Department of Surgical Oncology, Affiliated Hospital of Nanjing University of Chinese Medicine, were enrolled in this study. All enrolled patients were admitted without obvious infectious diseases. All patients had not received preoperative chemotherapy or chemoradiotherapy, and underwent radical gastrectomy with curative intent. Peripheral blood samples were collected preoperatively following written consent according to an established protocol approved by the Institutional Review Board of Nanjing University of Chinese Medicine. The clinicopathological features were collected, including sex, age, depth of invasion (T stage), LNM (N stage), TNM stage, Lauren classification (intestinal, diffuse, or mixed type), tumor recurrence, and values of pretherapeutic serum tumor markers, including CEA, alpha-fetoprotein (AFP), carbohydrate antigen 199 (CA199), CA125 and CA153. All these pathological features were reviewed by two experienced pathologists. All these patients were followed up until December 2021 with an average follow-up duration of 731.66 days. This study also complied with the Declaration of Helsinki.



Enzyme-linked immunosorbent assay

Human IL-8 enzyme-linked immunosorbent assay (ELISA) Kit (EH005-96, ExcellBio, China) was used to measure serum IL-8 levels of the enrolled patients. Assaying procedures were performed as per the manufacturer’s protocols. Each experiment was repeated at least three times.



Receiver operating characteristic analysis for the threshold of sIL-8

Receiver operating characteristic (ROC) analysis was performed to evaluate the relevance of sIL-8 levels with tumor recurrence. The Youden index (sensitivity + specificity − 1) was calculated, and the sIL-8 level corresponding to the maximum Youden index was set as the threshold.



Statistical analyses

RFS analyses were performed from the date of surgery till the detection of tumor recurrence. Kaplan–Meier curves were generated and compared using a log–rank test using GraphPad Prism software (version 8.0; La Jolla, CA). Pearson’s chi-squared test and Fisher’s exact test were used to compare the tumor characteristics and clinical data illustrated as cross-tables. Logistic regression analyses were used in univariate and multivariate analyses for LNM and tumor recurrence. All analyses were performed using Statistical Package for the Social Sciences software (version 25.0; IBM, Armonk, New York). A P value of < 0.05 was considered statistically significant.




Results


Clinicopathological features of enrolled patients

In the 335 enrolled patients, intestinal-, diffuse-, and mixed-type tumors accounted for 37.31% (125 cases), 19.40% (65 cases), and 43.28% (145 cases), respectively. Table 1 demonstrated that older patients (aged > 60 years) constituted the majority in this cohort (68.66%); however, patients with diffuse-type tumor tended to be younger (P < 0.001). Males are still the main population of gastric cancer (71.34%), whereas female patients were significantly more likely to have diffuse-type disease (P < 0.001). With regard to patients with intestinal-type tumor, there were more cases of advanced T stage (P < 0.001) and N stage (P < 0.001) in patients with diffuse- or mixed-type diseases. Accordingly, more advanced TNM stage was detected in patients with diffuse- or mixed-type tumors (P < 0.001), with a much higher incidence of recurrence than patients with intestinal-type tumor (P = 0.008). We also showed that the traditional tumor markers, including CEA, AFP, CA199, CA125 and CA153, were not associated with Lauren classification (P > 0.05).


Table 1 | Clinicopathological features of the enrolled 335 patients with gastric cancer.





Clinicopathological relevance of sIL-8 levels in gastric cancer

Previously, we demonstrated that high serum IL-8 level in gastric cancer patients is associated with poor response to chemotherapy (4). To elucidate the clinicopathological significance of sIL-8 in gastric cancer, sIL-8 levels of these enrolled patients were measured using ELISA. The sIL-8 levels ranged from 1.48 pg/ml to 1025.22 pg/ml. According to the ROC analysis, a sIL-8 value less than 15.41 pg/ml was defined as low otherwise as high (Figure 1A). High sIL-8 level was strongly associated with Lauren classification (P = 0.029). Importantly, patients with high sIL-8 levels were more predisposed to tumor relapse (P < 0.001) (Table 2). High sIL-8 levels correlated with LNM, but not with remarkable significance (P = 0.052). No significant correlations of sIL-8 levels with the classic tumor markers, such as CEA, AFP, CA199, CA125 and CA153, were observed (P > 0.05).




Figure 1 | Correlation between sIL-8 and RFS in gastric cancer. (A) ROC analysis indicated that the sIL-8 value less than 15.41 pg/ml was defined as low otherwise as high. (B) Patients with intestinal-type tumor had much better RFS than those with diffuse- and mixed-type diseases (P = 0.010), who showed no differences in RFS. (C) Patients with high sIL-8 level had worse RFS than those with low sIL-8 level in the whole cohort (P < 0.001). (D) The sIL-8 levels had survival significance in patients with intestinal-type tumor (P = 0.020). (E) Patients with high sIL-8 level had worse RFS than those with low sIL-8 level in the diffuse-type tumor (P < 0.001). (F) In the mixed-type tumor, sIL-8 levels had no survival significance (P = 0.244).




Table 2 | Clinicopathological relevance of serum interleukin-8 (sIL-8) level in gastric cancer.



To precisely investigate the clinical relevance of sIL-8 levels, stratified analyses were performed according to Lauren classification. As shown in Table 2, high sIL-8 levels correlated with LNM in the intestinal- (P = 0.008) and diffuse- (P < 0.001) type tumors; however, this correlation was not observed in the mixed-type disease (P = 0.158). Its relevance with tumor recurrence persisted in the intestinal-, diffuse- and mixed-type tumors, indicating a close positive association of sIL-8 with tumor recurrence. Importantly, the negative association was observed between sIL-8 level and serum CEA in the mixed-type tumor (P = 0.048), suggesting that sIL-8 is complementary to CEA as a tumor marker. Furthermore, high sIL-8 levels correlated with advanced T stage (P = 0.005) and TNM stage (P = 0.005) in the diffuse-type tumor rather than in the intestinal- or mixed-type tumors.



sIL-8 level as an independent risk factor for LNM in gastric cancer

To clarify the role of sIL-8 in gastric cancer LNM, risk factors for LNM were analyzed. Univariate analyses in the whole cohort indicated that older age (P = 0.001), T stage (P < 0.001), Lauren classification (P < 0.001), CEA (P = 0.009), and CA199 (P = 0.011) were clinicopathological factors associated with LNM (Table 3), whereas the significance of sIL-8 was not remarkable (P = 0.052). Multivariate analyses showed that T stage (P < 0.001), Lauren classification (P = 0.005), and CEA (P = 0.043) were independent risk factors for LNM (Table 4).


Table 3 | Associated clinicopathological factors for LNM in gastric cancer.




Table 4 | Univariate and multivariate analyses of risk factors for LNM in gastric cancer according to Lauren classification.



Further stratified analyses showed that older age (P = 0.003), female sex (P = 0.020), T stage (P < 0.001), sIL-8 (P = 0.009), and CEA (P = 0.019) were clinicopathological factors in the patients with intestinal-type tumor (Table 3) and female sex (P = 0.012), T stage (P < 0.001) and sIL-8 (P = 0.042) were independent risk factors (Table 4). In the patients with diffuse-type tumor, older age (P = 0.035), T stage (P = 0.001), and sIL-8 (P = 0.004) were factors (Table 3), but only T stage (P = 0.013) and sIL-8 (P = 0.025) were independent risk factors (Table 4). In the patients with mixed-type tumor, only T stage was a risk factor for LNM (P < 0.001) (Tables 3 and 4). CEA was not an independent risk factor for LNM in any type (P > 0.05) although it acted as an independent factor in the whole cohort. However, sIL-8 was an independent risk factor in patients with intestinal- and diffuse-type tumors although it was not in the whole patients.



High sIL-8 level was an independent risk factor for tumor recurrence in gastric cancer

To confirm the role of sIL-8 in tumor recurrence of gastric cancer, risk factors for tumor relapse were analyzed. Among all these enrolled patients, tumor recurrence occurred in 73 patients (21.79%) during follow-up. RFS analyses showed that patients with intestinal-type tumor had much better RFS than those with diffuse- and mixed-type diseases (P = 0.010), and that patients with diffuse- and mixed-type tumors had similar worse RFS (Figure 1B). Patients with high sIL-8 levels had worse RFS than those with low sIL-8 levels (P < 0.001, Figure 1C). Stratified analyses according to Lauren classification showed that sIL-8 levels had survival significance in the intestinal- (P = 0.020, Figure 1D) and diffuse-type tumors (P < 0.001, Figure 1E) but not in mixed-type tumor (P = 0.244, Figure 1F).

As shown in Table 5, older patients were prone to tumor relapse (P = 0.005). Advanced T stage (P < 0.001), N stage (P < 0.001), TNM stage (P < 0.001), and diffuse-type diseases (P = 0.008) preluded tumor recurrence. sIL-8 (P < 0.001), CEA (P = 0.001), and CA199 (P = 0.044) levels were positively associated with tumor recurrence. Multivariate analyses showed that Lauren classification (P = 0.010), sIL-8 (P < 0.001), and CEA (P = 0.003) were independent risk factors for tumor recurrence (Table 6).


Table 5 | Clinicopathological factors associated with tumor recurrence in gastric cancer.




Table 6 | Univariate and multivariate analyses of risk factors for tumor recurrence in gastric cancer according to Lauren classification.



Stratified analyses showed that the connection of older patients with tumor recurrence only occurred in the mixed-type tumor (P = 0.006), and male patients were more likely to suffer recurrence (P = 0.047). T and TNM stages had not significantly associated with relapse in patients with diffuse-type tumor, whereas N stage correlated to tumor relapse in all types. The sIL-8 level was also positively associated with tumor recurrence in all types. CEA lost its significant connection with tumor relapse in the diffuse-type tumor, and CA199 did not predict tumor recurrence in these three types respectively. However, AFP obtained positive association in the mixed-type tumor (P = 0.041) (Table 5). Multivariate analyses indicated that only sIL-8 was an independent risk factor for tumor recurrence in the intestinal-type tumor, that no independent risk factor was observed in the diffuse-type tumor, and that sIL-8 (P = 0.004) and CEA (P < 0.001) were independent risk factors for tumor relapse in the mixed-type tumor (Table 6).



sIL-8 acting as a potential marker for gastric cancer with negative CEA

CEA is one of the prominent classic tumor markers for gastrointestinal tumors, and is commonly used in screening, predicting the prognosis, and monitoring gastric cancer. CEA has been reported to be increased in approximately 16% – 68% in gastric cancer patients (21). In our cohort, increased CEA level was detected in 13.13% of enrolled patients. As shown in Table 7, in patients with negative CEA, sIL-8 showed remarkable significance for LNM or tumor recurrence in all patients or in subtypes except in mixed-type for LNM. However, sIL-8 had no predictive value for LNM or tumor recurrence in patients with increased CEA level. These results indicated that sIL-8 may be a useful tumor markers candidate in gastric cancer patients with negative CEA.


Table 7 | Relevance of combing IL-8 and CEA with tumor recurrence or LNM in gastric cancer.






Discussion

In this study, comprehensive analysis of clinicopathological data of 335 patients with gastric cancer was performed, predominantly in the profile of sIL-8 level and its clinicopathological relevance. To the best of our knowledge, our study is the first to suggest that the sIL-8 level acts as a potential predictor for LNM and tumor recurrence for gastric cancer, especially in patients with negative CEA, although further prospective studies are warranted.

Several studies have evaluated the probability of serum IL-8 as a prognostic marker of different cancer types. In a study of 68 patients with pancreatic cancer, high serum IL-8 level was found to be strongly associated with poor prognosis and can be regarded as a useful tumor marker (23). A phase II clinical trial, monitoring the sIL-8 levels of 58 patients with metastatic breast cancer before and during the first-line chemotherapy, indicated that patients with lower sIL-8 level (< 16.6 pg/ml) had a significantly higher rate of overall survival than those with higher sIL-8 level (24). Schalper et al. measured the baseline sIL-8 levels in samples from 1344 patients with advanced renal cell carcinoma, melanoma or non-small cell lung cancer treated with nivolumab and/or ipilimumab, everolimus or docetaxel from four phase III clinical trials, showing that elevated baseline sIL-8 levels (≥ 23 pg/ml) are associated with poor outcomes in patients across all tumor types (25).

Herein, we revealed that the sIL-8 level is strongly associated with Lauren classification in gastric cancer, and patients with intestinal-type tumor have higher sIL-8 level than those with diffuse-type tumor. Intestinal-type gastric cancer originates primarily from atrophic gastritis and/or intestinal metaplasia caused mainly by Helicobacter Pylori (H. pylori)-induced chronic inflammation (26, 27). H. pylori infection can lead to increased serum IL-8 levels (28, 29). Thus, high sIL-8 level mainly occurs in the intestinal-type tumor as expected. However, the underlying detailed molecular mechanisms remain to be investigated. Increased sIL-8 levels in gastric cancer patients has been reported to originate from tumor stromal cells, including mesenchymal stem cells (MSCs) (30) or TAMs (10), and some reports showed that sIL-8 may be produced by tumor cells (31). Our previous studies indicated that sIL-8 in gastric cancer patients is prominently produced by CAFs in tumor tissues, that CAFs secreted more IL-8 than the normal fibroblasts, and that sIL-8 usually returns to a normal level within one month after radical gastrectomy (4). Given that the proportion of CAFs is much higher than that of MSCs, TAMs and other myeloid cells in the gastric cancer tumor microenvironment (TME), the sIL-8 mainly originates from CAFs. We are conducting further studies to investigate how tumor cells upregulate the IL-8 expression of CAFs in the gastric cancer TME.

Our studies have clearly demonstrated that a higher sIL-8 level is an independent risk factor of LNM or tumor relapse in gastric cancer, both in the intestinal- and diffuse-type tumors, suggesting that the increased IL-8 level plays profound roles in tumor progression irrespective of tumor classification. IL-8 has been shown to induce PD-L1 expression in gastric cancer cells via c-Myc regulated by STAT3/mTOR signaling activation, resulting in immune escape of tumor cells (30). Furthermore, IL-8 can induce PD-L1 expression in macrophages, which contributes to the immunosuppressive microenvironment in gastric cancer (10). Our recent studies revealed that IL-8 promotes LNM via PD-1 upregulation in CD8+ T cells (32). Furthermore, IL-8 can enhance the metastatic capacity of colorectal cancer cells by inducing epithelial-to-mesenchymal transition through the IL-8/p65 signaling pathway (33). Our current research also indicated that more neutrophils were accumulated in gastric cancer TME due to chemotaxis of increased IL-8, and these tumor-associated neutrophils promote tumor LNM via mediating EMT of tumor cells (unpublished data). Taken together, increased IL-8 level can promote tumor progression by inducing tumor escape or immune tolerance, and enhancing tumor invasiveness, in addition to inducing chemoresistance, which results in poor prognosis of gastric cancer patients.

Hence, tumor-derived IL-8 has been considered as a potential therapeutic target for cancer treatment (34). Transcriptional repression of IL-8 promoter activity using DACH1 or treatment with IL-8 antagonists can provide a favorable survival for lung cancer patients (35). IL-8 primarily acts through its receptors, CXCR1 and CXCR2 (5, 11). CXCR2 signaling has been shown to be an excellent therapeutic target for pancreatic cancer (36). Suppressing IL-8 or blocking the IL-8/CXCR2 axis with IFN-γ can enhance the anti-PD-1 efficacy in pancreatic cancer (37). Thus, targeting tumor-derived IL-8 may be a novel strategy to improve therapeutic outcomes of gastric cancer, although further research is needed.

In addition, the relation of IL-8 with the classic tumor biomarkers, including CEA, AFP, CA199, CA125 and CA153, was evaluated. The sIL-8 level was not positively associated with these classic markers. Among these markers, only CEA showed clinical significance with LNM or tumor relapse. High sIL-8 level was an independent risk factor for LNM in both intestinal- and diffuse-type tumors but not in the whole cohort, whereas CEA was not an independent risk factor for LNM in any type tumor although it acted as one of the independent risk factors in the whole cohort. Patients with a high sIL-8 level had worse RFS than those with low sIL-8 level in both intestinal- and diffuse-types, and sIL-8 was also an independent risk factor for recurrence in the intestinal-type. Both sIL-8 and CEA were independent risk factors for tumor relapse in the mixed-type tumor. Importantly, we found that sIL-8 has no predictive value for LNM or tumor recurrence in patients with high CEA level, but shows positive association with LNM or tumor recurrence in patients with negative CEA. These results suggested that sIL-8 is a promising tumor biomarker for gastric cancer patients with negative CEA, which effectively complements the lack of markers in CEA-negative patients.

Although this is only a clinical observation study, it examined a relatively large patient volume. We aim to perform a related clinical trial to ascertain the role of sIL-8 as a tumor marker for gastric cancer. Elevated serum CEA level is definitely associated with the existence of cancerous diseases; however, several conditions other than cancers may cause elevation of sIL-8 level. Thus, an increased sIL-8 level does not necessarily indicate tumor occurrence. However, if gastric cancer is already present, high sIL-8 levels indicate that patients are more prone to LNM and poor prognosis.

In summary, the present study demonstrated the predictive role of sIL-8 in LNM and tumor recurrence of gastric cancer. Given its important role in gastric cancer progression, novel strategies targeting tumor-derived IL-8 may achieve promising therapeutic effects for gastric cancer.
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14

10

16

14

14

16

0.067

0.305

0.001*

<0.001*

N/A

<0.001*

0.007*

0.029*

1.000

0.170

0.632

N/A

37
28

31
34

11
54

21
44

65

54

41

24

58

64

65

59

65

Diftuse

R-free R

28
18

24

22

37

19

27

46

10
36

34

12

40

45

46

43

46

10

12

17

17

19

18

12

18

19

P

0317

0.260

0.486

0.016*

N/A

0.154

0.005*

0.663

1.000

N/A

0.347

N/A

N

35
110

104
41

25
120

39
106

145

33
112

66
79

129
16

139

140

128

17

143

Mixed

R-free

32
75

72
35

24
83

36
71

107

32
75

54
53

103

105

103

97

10

107

R

35

32

37

35

38

37

12
26

26
12

34

2

0.006*

0.047*

0.006*

0.002*

N/A

0.001*

0.045*

< 0.001%

0.041*

1.000

0.149

0.067





