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KIAA1199 induces advanced biological behavior and development of ovarian cancer through activation of the IL-6/STAT3 pathway
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Abstract: Recently, abnormal expression of KIAA1199 has been detected in Epithelial Ovarian Cancer (EOC). However, the underlined anti-ovarian cancer mechanism of KIAA1199 remains to be enlightened. In our study, we performed to elucidate the effects of KIAA1199 on the advanced biological behavior of EOC cells through activation of the IL-6/STAT3 pathway. Confirmed by immunohistochemistry, KIAA1199 was highly expressed in ovarian borderline and malignant epithelial tumors. A retrospective analysis found that EOC patients with low expression of KIAA1199 had a significantly higher 5-year survival rate than those with high expression. Mechanistically, IL-6 was used to stimulate EOC cells, and the expression of KIAA1199, STAT3 and p-STAT3 increased after IL-6 stimulation. These results could show that KIAA1199 is transcriptionally activated by IL6/STAT3 pathway, thereby accelerating the deterioration of EOC. KIAA1199 could also be used as a poor prognosis factor and potential target in treatment.
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Introduction

As a malignant reproductive system tumor that poses a serious risk to women’s health, ovarian cancer’s fatality rate ranks the first among all the gynecological malignancies (Lheureux et al., 2019). Ovarian cancer is mainly epithelial cancer with insidious onset (Kroeger and Drapkin, 2017). Most patients have reached an advanced stage when they visit outpatient, with the tumor developing rapidly, and showing spreads and distant metastases, mainly manifested by the dissemination of intra-abdominal lesions, and the prognosis being poor (Lheureux et al., 2019). There are many factors that may affect the malignancy and prognosis of ovarian cancer, such as changes in ECM, tumor stem cells, and tumor-promoting microenvironment, etc., (Da Silva et al., 2020; Rooth, 2013; Yang et al., 2020). Currently, first-line treatments for EOC involve debulking surgery followed by chemotherapy and target therapy (Guan and Lu, 2018). Even though this initial therapy shows a better curative effect on more than 80% of the patients, chemotherapy resistance will appear when most patients relapse (Lee et al., 2019). A better understanding of tumorigenic mechanism is of great significance for the development of therapeutic targets (Arend et al., 2021; Nimmagadda and Penet, 2019) for EOC patients.

KIAA1199, also known as cell migration-inducing hyaluronan binding protein (CEMIP), is a primary depolymerase of hyaluronic acid (HA) which is an essential constituent of extra-cellular matrix (ECM) (Yoshida and Okada, 2019). KIAA1199 is an important depolymerase of HA with a molecular weight of about 150 kDa. There is a secretion signal peptide at its N-terminus which can promote its effective secretion to the outside of the cell (Yoshida et al., 2014). KIAA1199 is a multifunctional protein that is mainly located in the endoplasmic reticulum in cells and regulates the release of calcium ions in the endoplasmic reticulum, thereby promoting the activation of calcium-related signal proteins (Zhang et al., 2014). Although it was initially identified as a congenital ear congenital disease-causing gene (Abe et al., 2003), it has been shown through many studies that the KIAA1199 maintains a close association with the progression of tumors and is involved in a variety of physiological and pathological processes (Zhang et al., 2014). During the pathogenesis of Crohn, the expression of KIAA1199 in ECM is significantly increased, and numerous low molecular weight HA fragments can be detected in diseased tissues (Soroosh et al., 2016). These fragments are believed to aggravate the occurrence of chronic inflammation and the secretion of IL-6, then ultimately aggravate the condition. However, interference with KIAA1199 can inhibit the above process.

Previous studies have indicated that over-expressed KIAA1199 could be detected under a variety of pathological conditions, such as cell migration, chronic inflammation, and hypoxic microenvironment, which suggests that KIAA1199 has a complex regulatory mechanism. Especially, related studies have suggested that KIAA1199 bears a major responsibility in a variety of signaling pathways, such as Wnt and FGFR (Li et al., 2017). IL-6/STAT3 signaling pathway is closely related to tumorigenesis and also may play the part of a promising target to strengthen tumor immunotherapy’s efficacy (Kitamura et al., 2017). IL-6 is a multi-potency cytokine, which shapes IL-6/sIL-6R complex by binding to soluble IL-6 receptor, and then activates gpl30 on the cell membrane surface to activate and maintain the phosphorylation of STAT3 (Garbers et al., 2015; Mihara et al., 2012). STAT3 is an important member of the STATs family and plays an important role in immune cells and tumor cells. Activated STAT3 modulates the expression of vital key genes, thereby promoting cell proliferation, migration and invasion, anti-apoptosis, etc., and then exhibiting carcinogenic effects (Johnson et al., 2018). Based on the above, we aimed to illustrate whether KIAA1199 could promote tumorigenesis of EOC by the activation of IL-6/STAT3 pathway within the present study.

Materials and Methods

Clinical specimens and patient clinical information

Borderline ovarian epithelial tumors, epithelial ovarian cancer, and normal ovarian tissue specimens were obtained from patients undergoing gynecological surgery in the Affiliated Hospital of Nantong University who had given their consent before. The specimens of ovarian tumors were independently confirmed by two chief physicians of the pathology department in our hospital. There were 10 cases of normal ovarian tissues and 36 cases of borderline ovarian epithelial tumor samples, and 126 cases of ECO samples. The 126 patients with ovarian cancer selected in the retrospective analysis were all from our hospital who underwent surgery. At the same time, the experiment had received the approval from the ethics committee of the Affiliated Hospital of Nantong University (No. 2018-L005, DATE: 05/03/2018). Follow-up information on the study in which 7 patients were lost to follow-up was updated through Dec. 31, 2018, by reviewing medical records and data from the Chinese Public Security Bureau.

Immunohistochemical staining and analysis

We performed immunohistochemistry (IHC) to detect the KIAA1199 protein expression by using Tissue Microarrayer System Quick Ray (UT06, UNITMA, Korea) in 126 cases of EOC paraffin sections. The sections were deparaffinized, ethanol gradient rehydrated, and antigen retrieval was performed. KIAA1199 immunostaining on TMAs (Tissue microarrays) was observed by anti-KIAA1199 antibody (1:100, Novus, NBP2–50336, USA) as the primary antibody at 4°C overnight, and then incubated with the anti-mouse secondary antibody (1:100, Santa Cruz, SC-2039, CA, USA) at 37.0°C for 30 min. KIAA1199 semiquantitative expression of each slide was evaluated and scored by two independent pathologists who were unaware of the clinical characteristics of the cases, taking the staining intensity into account, which was scored as 0 (no staining), 1+ (weak staining), 2+ (medium staining), or 3+ (strong staining).

Cell lines and IL-6 stimulation and Cryptotanshinone disposal

Human EOC cell lines HO8910, A2780 and CAOV-3 cells were purchased from National Collection of Authenticated Cell Culture. All cells were cultured in RPMI-1640, within which 10% fetal bovine serum (FBS) and 1% penicillin/streptomycin antibiotic mixture were added. Another human EOC cell line OVCAR-3 was cultured in DMEM supplemented with 10% FBS and 1% antibiotic mixture. All of them were cultured under a humid environment of 5% CO2 at 37°C.

Cells HO8910 adjusted to the concentration at 5 × 105 cells/mL were seeded to 6-well plates at 2 mL/well. Twenty-four hours later, the medium was withdrawn and substituted in the presence of IL-6 (200 ng/mL, H4218, ACROBiosystems) or Cryptotanshinone (STAT3 pathway inhibitor) (10 μM, M3982, Abmole) dissolved in DMSO or DMSO for specific time points. All our experiments were carried out three times independently.

Western blotting

Radioimmunoprecipitation (RIPA) lysis buffer containing PMSF was used to extract the cell sample protein, of which the experiment procedure was performed as described previously (Sheng et al., 2018). The rabbit anti-human KIAA1199 (ab98947, Abcam, 1:500), anti-CEMIP (cell migration-inducing protein, 1:1000, ABclonal, Woburn, MA, USA), p-STAT3 (Cell signaling Technology, #9145, 1:2000), STAT3 (Santa Cruz, SC-8019, 1:1000) polyclonal antibody were used as primary antibodies. the PVDF membranes were incubated with the HRP-conjugated goat anti-rabbit IgG as secondary antibody (Proteintech, SA00001-1, SA00001-2, 1:5000). Results were analyzed using Image J 2X software (NIH, Bethesda, MD, USA).

RT-PCR

Total RNA was extracted with Trizol extraction kit (Invitrogen), and cDNA was synthesized utilizing the SYBRGreen PCR kit (Thermo F-415XL) according to the operation instructions. KIAA1199 primer: forward 5’-AGTGATGGGGGAGATGGAGG-3’; reverse 5’-GCCAGGTGGAAGTGAATCGG-3’. GAPDH primer: forward 5’-AGAAGGCTGGGGCTCATTTG-3’; reverse 5’-AGGGGCCATCCACAGTCTTC-3’.

Real-time quantitative PCR (RT-qPCR) was performed with the FastStart Universal SYBR Green Master (ROX) (Roche, Basel, Switzerland) and the Light Cycler Nano real-time fluorescence quantification PCR system (Roche, USA).

KIAA1199 silencing and Invasion and migration assays

Four different shRNA sequences for KIAA1199 silencing and a negative control were designed as below: shRNA-1, sense 5’-GCAATCGTCCCATTGATATAC-3’, shRNA-2, sense 5’-GCTGCAGGATCTGAGGAAACT-3’, shRNA-3, sense 5’-GGTTATGACCCACCCACATAC-3’, shRNA-4, sense 5’-GGGATAAGACATCTGTGTTCC-3’, shRNA-NC, sense 5’-TTCTCCGAACGTGTCACGT-3’. Following instructions of the manufacturers, cells were transfected with Lipofectamine™ 3000 (3 μL/well, Invitrogen). Transwell Boyden chambers (Corning, NY, USA) were applied to evaluate cell invasion and migration ability of cells. The details of experiment procedure were described previously (Sheng et al., 2018).

Chromatin immunoprecipitation

Magna RIP RNA Binding Protein Immunoprecipitation Kit (P2078, Beyotime) was used to carry out the RIP assay in the light of the instructions of manufacturers. Entire cell lysate was utilized for immunoprecipitation with STAT3 antibody (SC-8019, Santa Cruz). Rabbit IgG antibody (SA00001-2, Proteintech) was used as the control.

Supernatants (0.2 mL) underwent immunoprecipitation overnight with antibodies against STAT3 (5 μg) at 4°C overnight. Chromatin-antibody complexes were separated by Protein A/G PLUS agarose. Before phenol/chloroform-purification, reverse the crosslinks for the enriched and the input DNA and clean the DNA with RNase A and proteinase K. For quantification of the enrichment of KIAA1199 at promoter regions, the ABI 7500 Real-Time PCR System (Applied Biosystems) was used to carry out qRT-PCR.

Statistical analysis

SPSS20 and STATA12.0 statistical software were used for data analysis. Data were showed as mean ± standard deviation (SD). T-test was performed to identify differences between variables and control groups. X2 tests were performed to access different expression of KIAA1199 between EOC and non-malignant tissues and whether KIAA1199 expression was correlated with clinicopathologic factors. Kaplan–Meier method was applied to determine survival. Significance was determined by log-rank test. A statistically significance was regarded to indicate when P < 0.05.

Results

KIAA1199 expression in EOC tissues and non-malignant tissues

KIAA1199 was detected by Immunohistochemical analysis in tissues obtained from 126 cases of EOC patients and cases of and 36 borderline ovarian epithelial tumor and 10 cases of normal ovarian tissues, which demonstrated that KIAA1199 protein expression was considerably higher in EOC tissues than non-malignant ones, which mainly located in the cytoplasm and cell membrane (P < 0.05) (Fig. 1). The data showed statistical significance using X2 test analysis (X2 = 28.270, P < 0.001) (Table 1).
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Figure 1: Immunohistochemical analysis of KIAA1199 protein expression in ovarian cancer (a, b), borderline ovarian epithelial tumor (c) and normal ovarian tissue (d).
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Relationship between KIAA1199 and clinicopathologic factors of EOC patients

When detected the relationship between KIAA1199 and clinicopathologic factors of EOC patients, we assigned patients into two groups: one was KIAA1199 protein high expression group (++, +++), and the other was KIAA1199 protein negative or low expression group (−, +) according to the immunohistochemical staining of KIAA1199 (Table 2). It has been shown from the results that the higher KIAA1199 expression was related to advanced FIGO stage (2 = 67.587; P = 0.000), the presence of extrapelvic metastasis (2 = 27.108; P = 0.000) and liver metastasis (2 = 9.229; P = 0.026).
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Survival analysis between KIAA1199 expression and EOC patients

Kaplan-Meier analysis demonstrated that the five-year overall survival rate of patients in the KIAA1199 negative or low expression group was considerably higher than that of the KIAA1199 high expression group (log-rank, P < 0.001, Fig. 2).

[image: images]

Figure 2: Kaplan-Meier plots showing relationship between KIAA1199 expression and clinical prognosis.

Effect of KIAA1199 silencing on EOC cell migration and invasion

Western blot analysis was performed to detect KIAA1199 protein level among different EOC cell lines HO-8910, A2780, SK-OV3, and OVCAR-3 to investigate if the malignant phenotype of EOC was associated with abnormal KIAA1199 expression. Results showed that KIAA1199 protein level in cell lines HO8910 and CAOV-3 was lower than that in A2780 and OVCAR-3 (Figs. 3A and 3B).

Subsequently, we utilized the A2780 cell line to demonstrate cell biology experiments including cell migration and invasion. Four different shRNAs as well as a negative control were transfected into A2780 cells, while KIAA1199 expression was reduced drastically in shRNAs transfected A2780 cells compared with shRNA-NC-transfected cells. Matrigel-coated transwell assays indicated that KIAA1199 silencing degraded the migration and invasion ability of EOC cells (Fig. 3C).
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Figure 3: (A) Western blot analysis of the expression of KIAA1199 in HO-8910, A2780, CAOV-3, and OVCAR-3 cells. (B) Bar graph of the quantified data from A. (C) Images showing after 24 h-shRNA-KIAA1199 transfecting into A2780 cells.

Correlation between IL-6 stimulation and Cryptotanshinone disposal and KIAA1199 expression in EOC

To gain further insights into what could be the potential mechanism of KIAA1199 induced-advanced biological behavior on EOC cells, we performed predictions using ALGGEN-PROMO transcription factor binding software. It was predicted that there was potential STAT3 binding element on KIAA1199 promoter. Therefore, KIAA1199 could target components of IL-6/STAT3 pathway (Fig. 4A). To demonstrate the hypothesis, experiments were conducted by activating IL-6/STAT3 signal with IL-6 treatment and inhibiting with Cryptotanshinone. We chose HO8910 cells (KIAA1199 protein low expression) to perform the next work. First, four different cells groups (A, HO8910; B, HO8910+10 μM Cryptotanshinone (Zhu et al., 2020); C, HO8910+200 ng/mL IL-6; D, HO8910+200 ng/mL IL-6+10 μM Cryptotanshinone) were generated to compare KIAA1199 expression level after IL-6 stimulation and Cryptotanshinone disposal. The results of qRT-PCR proved the expression of KIAA1199 was remarkably reduced after Cryptotanshinone disposal only in comparison with the HO8910 control group (P < 0.01, Fig. 4B). Contrariwise, the expression of KIAA1199 was significantly increased after IL-6 stimulation only. Simultaneously with Cryptotanshinone, the suppressive effect on KIAA1199 expression was of significance, in comparison with the IL-6 stimulation group only (P < 0.01, Fig. 4B). Similarly, the results of Western blot analysis showed that compared with the HO8910-NC, after Cryptotanshinone disposal or IL-6 stimulation only, the expression levels of KIAA1199, p-STAT3, STAT3 were significantly reduced or increased separately (P < 0.01, Fig. 4C). While treatment of Cryptotanshinone the same time with IL-6, KIAA1199 and STAT3 expression levels were significantly increased compared with group A and reduced compared with group C (P < 0.01, Fig. 4C). But p-STAT3 expression and the value of p-STAT3/STAT3 were not of significantly different between group D and group A.
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Figure 4: (A) KIAA1199 promoter potential target on IL-6/STAT3 pathway using ALGGEN-PROMO transcription factor binding software. (B) qRT-PCR result proved that reduced KIAA1199 expression after Cryptotanshinone disposal and increased KIAA1199 expression after IL-6 stimulation. Simultaneously with Cryptotanshinone, the suppressive effect on KIAA1199 expression was of significance, in comparison with the IL-6 stimulation group only (P < 0.01). (C) Western blot analysis showed that after Cryptotanshinone disposal or IL-6 stimulation only, KIAA1199, p-STAT3, STAT3 expression were significantly reduced or increased separately (P < 0.01). Treatment of IL-6 simultaneously with Cryptotanshinone, KIAA1199 expression levels were significantly increased compared with HO-8910 group and reduced compared with HO-8910 + IL-6 group (P < 0.01).

KIAA1199 induces advanced biological behavior on EOC cells through activation of the IL-6/STAT3 pathway

To determine whether KIAA1199 induces advanced biological behavior on EOC cells through activation of the IL-6/STAT3 pathway, we used Chromatin immunoprecipitation (CHIP) assay to examine the mRNA expression of KIAA1199 after HO8910 cells DNA extracted from chromatin fragments immunoprecipitated with STAT3 antibody. Oligonucleotides used in this work were designed as follows (http://jaspar.genereg.net/search?advanced=true). KIAA1199-CHIP primer: forward 5’-TCTCCATTTGGGCCAAATGCCC-3’; reverse 5’-GTACACACTAGCTCCGGGACT-3’. GAPDH-CHIP primer: forward 5’-TGATGCCCCCATGTTCGTCA-3’; reverse 5’-AGGGGCCATCCACAGTCTTC-3’. Using DNA extracted from chromatin fragments immunoprecipitated with STAT3 antibody as templates, qRT-PCR amplified a 437bp fragment which containing the predicted binding site in the KIAA1199 promoter region, and the results showed that the target fragment was successfully amplified. KIAA1199-CHIP expression in group C was remarkably higher than that in group A (Fig. 5), indicating that STAT3 and KIAA1199 promoters combined together, and with the treatment of IL-6 the effect of combination was strengthened.
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Figure 5: KIAA1199-CHIP expression in HO-8910 + IL-6 group was remarkably higher than that in HO-8910 group, indicating that STAT3 and KIAA1199 promoters combined together, and with the treatment of IL-6 the effect of combination was strengthened. (A) Lane M: DL500 DNA Marker; Lane 1: Negative control (sterile water); Lane 2: IgG immunoprecipitated DNA (HO-8910 group); Lane 3: IgG immunoprecipitated DNA (HO-8910 + IL-6 group); Lane 4: DNA immunoprecipitated with acetylated histone H3 antibody (HO-8910 group); Lane 5: DNA immunoprecipitated with acetylated histone H3 antibody (HO-8910 + IL-6 group); Lane 6: Input (HO-8910 group); Lane 7: Input (HO-8910 + IL-6 group). (B) Lane M: DL500 DNA Marker; Lane 1: Negative control (sterile water); Lane 2: IgG immunoprecipitated DNA (HO-8910 group); Lane 3: IgG immunoprecipitated DNA (HO-8910 + IL-6 group); Lane 4: DNA immunoprecipitated with acetylated histone H3 antibody (HO-8910 group); Lane 5: DNA immunoprecipitated with acetylated histone H3 antibody (HO-8910 + IL-6 group); Lane 6: Input (HO-8910 group); Lane 7: Input (HO-8910 + IL-6 group); Lane 8: Chromatin DNA precipitated by STAT3 (HO-8910 group); Lane 9: Chromatin DNA precipitated by STAT3 (HO-8910 + IL-6 group).

Discussion

EOC is the most lethal gynecological tumor (Gogineni et al., 2021). Since EOC has no specific clinical symptoms, it is mostly found in the late stage, which is one of the main factors contributing to its high mortality and morbidity. Due to the minimal effect of screening, it has been reported that the five-year relative survival rate for advanced patients was 29%, and 92% in the early stage (Reid et al., 2017). Despite through the effort that the first-line treatment focuses on surgery, chemotherapy follow-up and systemic treatment such as molecularly targeted drugs and antibodies, 5-year survival rate for EOC patients still remains beneath 20%. Resistance is frequently an important reason, as many factors (Azais et al., 2020; Cong et al., 2020; Xu et al., 2020; Zhang et al., 2021) that make EOC are usually untreatable. Therefore, studying the mechanism that affects the occurrence and development of ovarian cancer is essential for finding novel and reliable treatments for ovarian cancer.

We detected that KIAA1199, an oncogenic protein, was highly expressed in ovarian malignant epithelial tumors, while EOC patients with high expression of KIAA1199 suffered a poor overall survival rate. Here, we attempted to elucidate the role of KIAA1199 in tumorigenesis of EOC in our present study. It is reported that KIAA1199, a transmembrane protein, expressed in various types of malignant tumor (Liu et al., 2018; Tang et al., 2018; Wang et al., 2020; Zhai et al., 2020; Zhao et al., 2019). Some research data presented that KIAA1199 gene was highly expressed in malignant tumors and could play a major role in cell mortality of normal human cells, thus combating cell immortality and tumorigenesis.

Studies have confirmed that the activation of IL-6/STAT3 pathway plays a vital role in the development of esophageal cancer (Sugimura et al., 2012), breast cancer (Ibrahim et al., 2017), colon cancer (Heichler et al., 2020), and gastric cancer (Ham et al., 2019). IL-6/STAT3 pathway is aberrantly hyperactivated and can boost to drive the proliferation, survival, invasion, and metastasis of tumor cells. However, the mechanism of KIAA1199 and IL-6/STAT3 pathway in ovarian cancer has not been confirmed. To better understand the relationship between KIAA1199 and IL-6/STAT3 pathway in EOC, we explored in this study that blockade of the IL-6/STAT3 signaling pathway and target molecules KIAA1199 in EOC might be a promising strategy to improve the prognosis for EOC patients. To verify the correlation, we examined the mRNA and protein expression of KIAA1199 after activating and inhibiting IL-6/STAT3 pathway by qRT-PCR and western blotting. IL-6 was used to activate IL-6/STAT3 pathway, and the expression levels of KIAA1199, STAT3 and p-STAT3 in EOC cells were increased after IL-6 stimulation. Furthermore, Cryptotanshinone disposal was utilized to inhibit IL-6/STAT3 pathway, which significantly reduced KIAA1199, p-STAT3, and STAT3 expression levels. Our data also showed that pathway inhibitor Cryptotanshinone treatment partially suppressed the STAT3 expression induced by IL-6. These results could show that KIAA1199 was transcriptionally activated by IL6/STAT3 pathway, thereby accelerating the deterioration of EOC. As we know, the IL-6/STAT3 pathway hyperactivation is generally associated with strong supression of the antitumor immune response (Kang et al., 2019). Therefore, treatments that target KIAA1199 may be used as an adverse prognosis factor and potential target, even to provide inhibiting tumor cell growth and metastasis and invasion by stimulating antitumor immunity.

In conclusion, our study proved that abnormal KIAA1199 expression may develop migration and invasive potential of EOC, be activated by IL6/STAT3 pathway, and boost tumor development, progression, and metastasis. Thus, KIAA1199 might act as a potential biomarker to identify a subgroup with a more aggressive phenotype and can be also used as a poor prognostic factor and potential therapeutic target for EOC. Nevertheless, there are also a few limitations of our study that we have to admit. For example, only vitro experiments have been involved. Hence, it is urgent for us to carry out further study and investigation, so as to confirm if KIAA1199 modulates EOC behavior through IL6/STAT3 pathway with EOC animal model and make further efforts to evaluate the clinical value of IL6/STAT3 pathway inhibitor in EOC.
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TABLE 1

Expression of KIAA1199 in EOC tissues and non-malignant tissues

N - + ++ +++ Pearson 2 P
Normal ovarian tissue 10 8 2 0 0 28.270 0.000*
Borderline ovarian epithelial tumor 36 14 9 8 5
epithelial ovarian cancer 126 20 33 35 38

Note: *P < 0.05.
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TABLE 2

Correlation analysis of KIAA1199 expression and clinical pathological parameters of patients

N - + ++ +++ Pearson 2 p
Age (years)
<52 57 8 14 17 18 0.554 0.907
>52 69 12 19 18 20
Tumor stage
FIGOI 26 16 5 5 67.587 0.000*
FIGOII 37 2 12 16
FIGOIII 56 15 13 26
FIGOIV 7 0 1 1 5
Histologic type
serous papillary cancer 84 11 20 28 25 15.920 0.195
mucinous cancer 18 1 6 3 8
endometrial cancer 15 6 5 2 2
clear cell cancer 1 2 1 1
transitional cell carcinoma 4 1 0 1 2
Tumor grade
Gl 38 7 12 10 9 5.803 0.446
G2 31 5 11 6 9
G3 57 8 10 19 20
ascites
no 29 8 4 9 8 5.693 0.128
yes 97 12 29 26 30
Lymphatic invasion
no 104 19 25 31 29 5.113 0.164
yes 22 1 8 4 9
Peritoneal dissemination
no 74 19 19 25 11 27.108 0.000*
yes 52 1 14 10 27
Liver metastasis
no 103 20 28 29 26 9.229 0.026*
yes 23 0 5 6 12

Note: *P < 0.05.
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