

[image: MMS22L Expression as a Predictive Biomarker for the Efficacy of Neoadjuvant Chemoradiotherapy in Oesophageal Squamous Cell Carcinoma]
MMS22L Expression as a Predictive Biomarker for the Efficacy of Neoadjuvant Chemoradiotherapy in Oesophageal Squamous Cell Carcinoma





ORIGINAL RESEARCH

published: 30 September 2021

doi: 10.3389/fonc.2021.711642

[image: image2]


MMS22L Expression as a Predictive Biomarker for the Efficacy of Neoadjuvant Chemoradiotherapy in Oesophageal Squamous Cell Carcinoma


Qiyu Luo 1,2†, Wenwu He 3†, Tianqin Mao 1, Xuefeng Leng 3, Hong Wu 4, Wen Li 4, Xuyang Deng 3, Tingci Zhao 5, Ming Shi 6, Chuan Xu 4* and Yongtao Han 3*


1 School of Medicine, University of Electronic Science and Technology of China (UESTC), Chengdu, China, 2 Department of Thoracic Surgery, Second Affiliated Hospital of Chengdu Medical College (China National Nuclear Corporation 416 Hospital), Chengdu, China, 3 Department of Thoracic Surgery, Sichuan Cancer Hospital & Research Institute, School of Medicine, University of Electronic Science and Technology of China (UESTC), Chengdu, China, 4 Integrative Cancer Center & Cancer Clinical Research Center, Sichuan Cancer Hospital & Institute Sichuan Cancer Center, School of Medicine, University of Electronic Science and Technology of China, Chengdu, China, 5 Department of International Medical Center/Ward of General Practice, West China Hospital, Sichuan University, Chengdu, China, 6 Department of Pathology, Sichuan Cancer Hospital & Research Institute, School of Medicine, University of Electronic Science and Technology of China (UESTC), Chengdu, China




Edited by: 

Anne Vehlow, Technical University of Dresden, Germany

Reviewed by: 

Stephanie Hehlgans, Goethe University Frankfurt, Germany

Benjamin Frey, University Hospital Erlangen, Germany

*Correspondence: 

Yongtao Han
 yongtao_han@126.com 

Chuan Xu
 xuchuan100@uestc.edu.cn

†These authors have contributed equally to this work

Specialty section: 
 This article was submitted to Cancer Molecular Targets and Therapeutics, a section of the journal Frontiers in Oncology


Received: 18 May 2021

Accepted: 31 August 2021

Published: 30 September 2021

Citation:
Luo Q, He W, Mao T, Leng X, Wu H, Li W, Deng X, Zhao T, Shi M, Xu C and Han Y (2021) MMS22L Expression as a Predictive Biomarker for the Efficacy of Neoadjuvant Chemoradiotherapy in Oesophageal Squamous Cell Carcinoma. Front. Oncol. 11:711642. doi: 10.3389/fonc.2021.711642



Long-term survival in oesophageal squamous cell carcinoma (ESCC) is related with pathological response after neoadjuvant chemoradiotherapy (NCRT) followed by surgery. However, effective biomarkers to predict the pathologic response are still lacking. Therefore, a systematic analysis focusing on genes associated with the efficacy of chemoradiotherapy in ESCC will provide valuable insights into the regulation of molecular processes. By screening publications deposited in PubMed, we collected genes associated with the efficacy of chemoradiotherapy. A specific subnetwork was constructed using the Steiner minimum tree algorithm. Survival analysis in Kaplan-Meier Plotter online resources was performed to explore the relationship between gene mRNA expression and the prognosis of patients with ESCC. Quantitative real-time polymerase chain reaction (qRT-PCR), Western blotting, and immunohistochemical staining (IHC) were used to evaluate the expression of key genes in cell lines and human samples. The areas under the receiver operating characteristic (ROC) curves (AUCs) were used to describe performance and accuracy. Transwell assays assessed cell migration, and cell viability was detected using the Cytotoxicity Assay. Finally, we identified 101 genes associated with efficacy of chemoradiotherapy. Additionally, specific molecular networks included some potential related genes, such as CUL3, MUC13, MMS22L, MME, UBC, VAPA, CYP1B1, and UGDH. The MMS22L mRNA expression level showed the most significant association with the ESCC patient outcome (p < 0.01). Furthermore, MMS22L was downregulated at both the mRNA (p < 0.001) and protein levels in tumour tissues compared with that in normal tissues. Lymph node metastasis was significantly associated with low MMS22L expression (p < 0.01). MMS22L levels were inversely correlated with the NCRT response in ESCC (p < 0.01). The resulting area under the ROC curve was 0.847 (95% CI: 0.7232 to 0.9703; p < 0.01). In conclusion, low expression of MMS22L is associated with poor response to NCRT, worse survival, lymph node metastasis, and enhanced migration of tumour cells in ESCC.
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Introduction

According to the 2018 Global Cancer Statistics report, oesophageal cancer is among the 10 most frequent carcinomas globally (1). Squamous cell carcinoma (SCC) and adenocarcinoma are the major histologic types of oesophageal carcinoma, and SCC is the main histological type in China (1, 2). Despite advances in surgery, radiotherapy, and chemotherapy, the 5-year survival rate for patients with oesophageal squamous cell carcinoma (ESCC) remains markedly poor because of an advanced stage at diagnosis, the presence of tumour heterogeneity, and insufficient tumour prognostic factors (3, 4). Regarding ESCC at moderate-to-advanced stages, both effective preoperative chemotherapy and chemoradiotherapy have been widely used to shrink tumour size, repress tumour growth or metastasis, increase the R0 resection rate, and reduce the local recurrence rate of ESCC, to improve overall survival compared with surgery alone (5–8). No significant benefits were found in patients who did not respond to the conventional therapy because of toxicity from neoadjuvant chemoradiation therapy (NCRT); they might miss the best timing of treatment and obtain worse prognosis (9–11).

Tumour heterogeneity presents a challenge to successfully treat cancer using chemoradiotherapy, and it is a major factor in chemoradiotherapy failure (12, 13). To enable individualised treatment, screening out response cases and avoiding overtreatment of patients who would not benefit from the inclusion of chemotherapy with sensitive biomarkers are critical. In recent years, although some studies have attempted to reveal the biomarkers that predict responses to chemoradiotherapy, no reliable biomarkers have been identified to assess the efficacy of NCRT in ESCC. Therefore, large amount of studies are needed to further refine the biomarkers for easy use and validate them as biomarkers for future clinical trials.

Identifying new biomarkers is warranted to assist in screening patients who can benefit from chemotherapy and chemoradiotherapy based on bioinformatics analysis, offering consolidated validation for the individual candidate genes. In this study, we collected genes potentially associated with efficacy of chemoradiotherapy to infer specific molecular networks associated with the efficacy of chemoradiotherapy, and some potential related genes were identified. Additionally, the primary aim of the study was to measure potential related gene expression levels in ESCC tissues and evaluate their value as potential predictive biomarkers for the NCRT response in ESCC.



Materials and Methods


Candidate Gene Set Approach

As reported previously (4), the efficacy of chemoradiotherapy in patients with ESCC is associated with multiple genes. In the present study, all the genes were obtained by systematic analysis of the human genetic association studies deposited in PubMed (https://www.ncbi.nlm.nih.gov/pubmed). Briefly, with reference to published studies, the search terms were: “(chemotherapy OR radiotherapy OR chemoradiotherapy) AND (cancer OR carcinoma OR neoplasm OR tumour) AND (esophagus OR gastroesophageal) AND (genetic polymorphism OR genes)”, and the date of the last search was September 15, 2019. In total, 217 abstracts were identified by the final electronic searches in PubMed. We included abstracts with sufficient evaluation data, including the methodology, the definition of outcomes, and an appropriate evaluation matrix. Studies without any kind of validation (external validation or internal validation) were excluded. We excluded reviews, editorials, nonhuman studies, and letters without sufficient data. In total, 138 studies were excluded because they failed to meet the above criteria, and 79 articles met the prespecified inclusion criteria. The publications used and the discarded publications can be found in the supplementary documentation (Supplementary Table S1). Two reviewers (QL and MT) independently screened the full text and extracted the following information from each study: patient race, number of positive cases, interventions, histological type, the origin of specimens, and genes. Finally, we assembled the purpose genes associated with the response to chemoradiotherapy in ESCC histological type or cell lines.



Functional Enrichment Analysis

Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) functional enrichment analyses were performed using the R package “cluster Profiler” (14). For the GO and pathway enrichment analysis results, the p-value and q-values were calculated using Fisher’s exact test and the R package (p-value <0.05 and q-value <0.05).



Construction of the Protein Subnetwork

In the context of a human protein-protein interaction (PPI) data set obtained from Protein Interaction Network Analysis platform (PINA) (15), we applied the Steiner minimum tree algorithm implemented in our software framework GenRev to construct a specific subnetwork by using the candidate gene set as seeds (16). A PPI network was built using the Search Tool for the Retrieval of Interacting Genes (STRING) database (version 11.0; https://string-db.org/) (17) and visualised by Cytoscape (an open-source software platform) (18).



Survival Analysis of New Genes Based on mRNA Expression

The prognostic value of the expression of new gene mRNAs was evaluated using publicly available miRNA expression datasets (Pan-cancer RNA-seq) in Kaplan-Meier plotter (http://kmplot.com/analysis/), an online database including gene expression data and clinical data (19, 20). To assess the prognostic value of a specific gene, the patient samples were divided into two cohorts (high and low expression groups) according to the median mRNA expression of the gene. We analysed the overall survival (OS) of ESCC patients by using a Kaplan-Meier survival plot. Briefly, eight genes (CUL3, MUC13, MMS22L, MME, UBC, VAPA, CYP1B1, and UGDH) were uploaded into the database respectively to obtain the Kaplan-Meier survival plots, in which the number-at-risk is shown below the main plot. Log rank p-value and hazard ratio (HR) with 95% confidence intervals were calculated and displayed on the picture. A p-value <0.05 was considered statistically significant.



Patients and Tumour Samples

Sixty-one ESCC tissues were obtained from the Department of Thoracic Surgery of Sichuan Cancer Hospital (Chengdu, China) from Jan 2018 to Sept 2019 in this study, and all the samples were histologically confirmed to be ESCC tissues by a postoperative pathologist. Twenty-three paired human ESCC cancer tissues and matched adjacent normal tissues (located at least 5 cm from the tumour border, Supplementary Figure S1) from 23 patients with surgery alone were snap frozen after they were taken from surgery and then stored in liquid nitrogen for quantitative real-time PCR and Western blotting. Another 38 ESCC biopsy specimens from the gastroscopies were paraffin embedded for immunohistochemical staining analysis before patients received NCRT. The samples used in the study were approved by the Ethical Committee of the Sichuan Cancer Hospital (No. SCCHEC-02-2017-043), and the patients provided written informed consent to participants.



Cell Culture

The human ESCC cell lines TE-1, Kyse150, and Eca109 and the human normal oesophageal cell line HEEC were provided by the Shanghai Institute of Cell Biology, Chinese Academy of Sciences. All the cell lines were maintained in RPMI-1640 (HyClone, USA) supplemented with 100 U/ml of penicillin-streptomycin (HyClone, USA) and 10% foetal bovine serum (FBS; Gibco, USA) at 37°C with 5% CO2 in a humidified atmosphere.



Quantitative Real-Time PCR

The mRNA expression of MMS22L was measured by quantitative real-time polymerase chain reaction (qRT-PCR). The above cell clines and 23 paired human ESCC cancer tissues and matched adjacent normal tissues were individually homogenised in liquid nitrogen, and total RNA was extracted from cells and tissues using TRIzol reagent (Invitrogen, Waltham, MA, USA). The total RNA products were immediately transcribed into cDNA using a cDNA synthesis kit (Takara, Kyoto, Japan) following the manufacturer’s instructions. Complementary DNA was amplified using TB Green™ Advantage® qPCR Premix (Takara, Kyoto, Japan) on the CFX-Connect Real-Time PCR Detection System (Bio-Rad, Hercules, CA, USA). The MMS22L primers were as follows: forward 5′-CAGAGAATGTCACAGGTAGTGCC-3′; reverse 5′-TCTGATGGAGCTGTGCTTGGCA-3′. The conditions for qRT-PCR were as follows: initial denaturation at 95°C for 2 min, followed by 40 cycles of 95°C for 5 s and 55°C–57°C for 30 s, and melting curves were generated by heating from 55°C to 95°C with 0.5°C increments each cycle. The results were normalised to β-actin using the 2−ΔΔCt method (21), the forward primer: 5′-CTTAGTTGCGTTACACCCTTTCTTG-3′ and reverse primer 3′-ACTGCTGTCACCTTCACCGTTC-5′. All the experiments were performed in triplicate.



Western Blotting

The Total proteins of tissues and cells were extracted using RIPA buffer with protease inhibitors (Biyuntian, China). The protein concentrations were measured using the bicinchoninic acid (BCA) Protein Assay Kit (Beijing Suolabao Biotech, China). The MMS22L protein levels in cancer tissue and adjacent tissue were evaluated by Western blotting (WB). Briefly, equal amounts of total protein extract were first separated in an 8% SDS-PAGE gel and transferred onto PVDF membranes (Millipore, Billerica, MA, USA). Next, the membranes were blocked for 2 h with PBST and 5% milk at room temperature, incubated with primary antibody overnight at 4°C and then with secondary antibody for 2 h at room temperature. Protein expression was detected using an anti-MMS22L (C6orf167) antibody (ab181047, 1:1,000, Abcam, Cambridge, MA, USA) and a β-actin polyclonal antibody (1:1,000 CST, Danvers, MA, USA). Protein bands were detected using an Immobilon® Western system (Millipore; #WBKLS0100) and imaged on the Minichemi machine (Sage Creation, Beijing, China).



Immunohistochemical Staining and Image Analysis

Tissues from paraffin-embedded blocks were sectioned at 5-μm thickness. Immunohistochemical staining (IHC) was performed using DAB kit (Zhongshan Golden Bridge, Beijing, China) following the manufacturer’s protocol. The anti-MMS22L antibody (bs17689R) used for IHC was purchased from Bioss (Beijing, China). To quantify MMS22L staining, five randomly chosen fields per section were evaluated at ×200 magnification for each sample. Image-Pro Plus 6.0 was used to determine integrated optical density (IOD) values, and the IOD per unit area (mean density) represented the relative MMS22L expression level.



Cell Transfection

Two target small hairpin RNA (shRNA) lentiviruses of the MMS22L gene, sh147 and sh148 and a negative control shRNA lentivirus con077 were designed and synthesised by Shanghai Ji Kai Gene Technology Co., Ltd. (Shanghai, China). TE-1 cells were infected with lentivirus at an MOI of 10 PFU per cell. Stable transformants were selected with 2 μg/ml of puromycin. The knockdown efficiency was detected by qRT-PCR and Western blotting.



Transwell Assay

Transwell migration assays were performed using plates (Corning, Corning, NY, USA) with 8‐μm‐pore size membranes. Briefly, 2 × 104 cells were suspended in 200 μl of FBS‐free RPMI‐1640 medium and added to the upper chambers of Transwell plates. RPMI‐1640 medium (500 μl) supplemented with 5% FBS was seeded into the lower chamber. After a 24‐h incubation period at 37°C and 5% CO2, the migrated cells were fixed with 4% paraformaldehyde (in 1 × PBS) for 20 min at room temperature and then were stained with crystal violet.



Cytotoxicity Assay

Cytotoxicity was assayed using cell counting kit (CCK8; Hanheng, Shanghai, China) following the manufacturer’s instructions. Briefly, cells were seeded on 96-well plates at a density of 2.0 × 103 per well. After cells were treated with 5-FU (Selleck, Houston, TX, USA) at concentrations of 0, 0.1, 1, 5, 10, and 100 μM for 72 h, the medium containing 5-FU was exchanged for 100 μl of RPMI-1640, and 10 μl of CCK8 reagent was added. Two hours later, absorbance at 450 nm was measured using a microplate reader. Each group had three repeats, and the experiment was repeated three times.



Statistical Analysis

All the data were obtained from at least three independent measurements and were shown as means ± SEM. Student’s t-test, Mann-Whitney tests, and receiver and IC50 operating characteristic (ROC) curves were performed using GraphPad Prism 7 software (GraphPad Software Inc., San Diego, CA, USA). One-way analysis of variance (ANOVA) followed by Tukey’s post-hoc test was used for data analysis among three or more groups. Statistical analysis was conducted, and statistical significance was set at p < 0.05.




Results


Candidate Gene Sets and Functional Enrichment

As described in the Materials and Methods section, 101 candidate genes associated with the efficacy of chemoradiotherapy in patients with ESCC were assembled after removing duplicates. The GO annotations were classified as biological process, cellular component, and molecular function (p < 0.05), and the top 10 GO terms are shown in Figures 1A–C, respectively. The top biological process GO enrichment terms were cotranslational protein targeting the membrane, targeting the ER, and establishment of protein localisation to endoplasmic reticulum. Ribosome component was the most enriched cellular component GO term. Additionally, we found several enriched molecular functions such as structural constituent of ribosome, damaged DNA binding, antigen binding, single-stranded DNA binding, and ubiquitin protein ligase binding. Furthermore, the KEGG pathways in which 101 candidate genes were mostly enriched were ribosome, followed by human T-cell leukaemia virus 1 infection, platinum drug resistance, human cytomegalovirus infection, proteoglycans in cancer, etc. (Figure 1D).




Figure 1 | GO and KEGG enrichment of related genes. (A–C) The top 10 GO terms in biological process, cellular component, and molecular function, respectively. (D) KEGG pathways were analysed, and the top 10 pathways are shown. The x-axis shows the GeneRatio, whereby a higher value indicates more genes enriched in the pathway; the y-axis shows the enriched pathways, and the redder the dot is, the more significant is the pathway.





Construction of the Protein Subnetwork

The protein subnetwork comprised 105 nodes and 379 edges (interactions), and 97 of 101 candidate genes were included in the subnetwork, accounting for 92.38% of 105 genes in the network and 96% of 101 candidate genes, and demonstrating a high coverage of the candidate genes set in the subnetwork (Figure 2). Additionally, eight genes in the subnetwork outside of the candidate gene set were obtained (Table 1).




Figure 2 | A specific protein network associated with NCRT efficacy is built using the Steiner minimal tree algorithm, including 105 nodes and 379 edges. Additionally, eight new genes are labelled in blue.




Table 1 | Identification of eight potentially related genes associated with chemoradiotherapy efficacy: UGDH, VAPA, MME, CUL3, UBC, CYP1B1, MUC13, and MMS22L.





Prognostic Value of mRNA Expression of Eight New Genes in ESCC

Using the Kaplan-Meier plotter database, the prognostic value of the eight novel genes was evaluated in ESCC patients. We found that higher and lower expression of five biomarkers was significantly associated with overall survival. ESCC patients with higher mRNA levels of MMS22L (HR = 0.33; CI: 0.14−0.75; logrank p = 0.0052) and MUC13 (HR = 0.37; CI: 0.14−0.96; logrank p = 0.033) had higher OS (Figures 3A, B), and ESCC patients with lower mRNA levels of VAPA (HR = 2.32; CI: 1.04−5.17; logrank p = 0.035), CYP1B1 (HR = 2.67; CI: 1.02−6.97; logrank p = 0.039), and UBC (HR = 2.26; CI: 1.03−4.96; logrank p = 0.038) had higher OS (Figures 3C–E), while the mRNA expression of UGDH, MME and CUL13 were not associated with ESCC patient survival (Figures 3F–H).




Figure 3 | Prognostic value of mRNA expression of eight genes in patients with ESCC. (A–H) Overall Survival curves of MMS22L (A), MUC13 (B), VAPA (C), CYP1B1 (D), UBC (E), UGDH (F), MME (G), and CUL13 (H) were plotted in Kaplan-Meier plotter. “Probability” on the y-axis represents the survival rates, the red line represents the patients with mRNA expression above the median, and the black line represents the patients with mRNA expression below the median. ESCC, Oesophageal squamous cell carcinoma; HR, hazard ratio.





Expression of the MMS22L Genes in Cancer and Adjacent Normal Tissues

MMS22L is not a well-studied protein, and information about this gene product is very limited. As described above, the expression of MMS22L had the most significant association with ESCC patient outcome. Cellular components associated with the function of MMS22L were significantly enriched, such as damaged DNA binding and ubiquitin protein ligase binding. Therefore, we further detected the expression level of the MMS22L gene in ESCC tissues and adjacent normal tissues using quantitative real-time PCR and WB. MMS22L mRNA expression was significantly decreased in ESCC tissue compared with that in adjacent normal tissues (p < 0.05) (Figure 4A), and WB results were consistent with the RT-qPCR (Figure 4B). MMS22L protein expression was significantly reduced in seven tumour tissues compared with that in normal adjacent tissues.




Figure 4 | The MMS22L mRNA and protein levels are significantly lower in cancerous tissues than in normal adjacent tissues. (A) MMS22L mRNA was detected by qRT-PCR, and relative quantification analysis was normalised to β-actin mRNA (***p < 0.001). (B) MMS22L protein expression was detected in randomly selected seven ESCC tissues and adjacent normal tissues using Western blotting. T, tumour tissues; N, normal adjacent tissues.





Predictive Value of MMS22L for NCRT Efficacy in Patients With ESCC

According to the RECIST 1.1 criteria (22), the response to NCRT was defined as complete response (CR), partial response (PR), stable disease, (SD), and progressive disease (PD), and the 38 patients receiving NCRT were divided into the responding group (CR plus PR, 29 patients) and nonresponding group (SD, nine patients) according to the response to NCRT in this study. MMS22L IHC in representative tumour tissues are shown in Figure 5A. The MMS22L protein in the responding group was significantly higher than that in the nonresponding groups (p < 0.01, Figure 5B). This result indicated that the MMS22L expression significantly predicted a response to NACRT. ROC curve analyses revealed that MMS22L was a valuable biomarker for differentiating responding from nonresponding for NCRT. MMS22L yielded an AUC of 0.847 (95% CI: 0.7232 to 0.9703; p <  0.01; Figure 5C) with 100% sensitivity and 65.52% specificity in predicting the efficacy of NCRT in ESCC. Additionally, among the various clinicopathological characteristics evaluated, no significant associations were found between the MMS22L expression level and age, sex, differentiation, location, depth of invasion, or TNM clinical stage, but a low expression level of MMS22L was markedly associated with lymph node metastasis (p < 0.01; Table 2).




Figure 5 | Predictive value of MMS22L for different responses to NCRT in patients with ESCC. (A) MMS22L IHC in representative tumour tissues. (B) The mean density of the responding group and nonresponding group from all 38 cases who received NCRT is summarised in the table below. (C) ROC curve for evaluating the predictive value of MMS22L for ESCC patients with NCRT. The AUC was 0.847, the sensitivity was 100%, the specificity was 65.52%, and the cutoff value was 0.03495 (**p < 0.01). NCRT, neoadjuvant chemoradiotherapy; AUC, area under the ROC curve; ROC, receiver operating characteristic.




Table 2 | Association of MMS22L expression in the biopsy specimens with clinicopathological parameters.





MMS22L Inhibits Migration and Modulates 5-FU Sensitivity in TE-1 Cells

To assess MMS22L expression in human ESCC cells, we detected the mRNA and protein expression of MMS22L in HEEC cells and three human ESCC cell lines (TE-1, Kyse150, and Eca109) by qRT-PCR and WB, respectively. The expression of MMS22L was lower in TE-1, Kyse150, and Eca109 cells than in HEEC cells (Figure 6A). TE-1 cells showed the highest MMS22L expression in three human ESCC cell lines. Thus, TE-1 cells were selected for subsequent assays. After targeting MMS22L with two different shRNAs, the knockdown efficiency was detected (Figure 6B). We performed Transwell migration assays to analyse whether MMS22L inhibits the migration ability of TE-1 cells. MMS22L inhibited the migration of TE-1 cells (Figure 6C). Different TE-1 cells were determined by CCK8 assays with different doses of 5-FU to calculate the IC50 and were performed in triplicate. The IC50 value decreased significantly after MMS22L knockout (Figure 6D). These results from in vitro experiments indicated that the knockdown of MMS22L in the TE-1 cell line is associated with enhanced migration and resistance to 5-FU.




Figure 6 | Lower expression of MMS22L increases the migration capabilities and the 5-FU resistance of TE-1 cells. (A) MMS22L expression in a human normal oesophageal cell line (HEEC) and human ESCC cell lines. (B) The transfection efficiency was measured after 48 h. (C) In the shRNA groups, the migration capabilities increased and the number of migrating cells increased compared with those in the con077 group. (D) IC50 values of TE-1 cells to 5-FU were detected via the CCK8 assay after transfection (**p < 0.01; ***p < 0.001). CCK8, cell counting kit; IC50, half-maximal inhibitory concentration; 5-FU, 5-fluorouracil.






Discussion

According to published statistics, approximately 572,034 new oesophageal cancer cases (3.2%) and an estimated 508,585 related deaths (5.3%) occurred (1). With the development of comprehensive treatment strategies, patients with ESCC benefit from NCRT (5). However, the postoperative pathological complete response rate was only 43.2% according to a phase III, multicentre, randomised open-label clinical trial (NEOCRTEC5010) (23). Therefore, further understanding of NCRT resistance-related genes as novel prognostic biomarkers in ESCC is necessary. Recently, an increasing number of potential genes have been found to be associated with chemoradiotherapy efficacy and prognosis in patients with cancer. However, a few of these predicted genes have been identified in ESCC, and a few biomarkers are available for clinical monitoring.

In our study, we applied the Steiner minimum tree algorithm to explore novel biomarkers in the context of a human PPI background. First, a list of 101 candidate genes associated with the efficacy of chemoradiotherapy in patients with ESCC was assembled in 79 relevant articles. Simultaneously, to better understand the function of these genes in ESCC, we performed GO and KEGG analyses. Notably, KEGG analysis revealed that the pathways in which these genes are mainly enriched are ribosome, human T-cell leukaemia virus 1 infection, platinum drug resistance, human cytomegalovirus infection, and proteoglycans in cancer. Second, we obtained eight novel genes associated with linking genes potentially related to chemoradiotherapy efficacy in ESCC outside the candidate gene set. Referring to published studies, the findings of our study validate previous reported outcomes because different functions of these genes have been identified to be associated with ESCC. MUC13 is a potential biomarker to predict the efficacy of neoadjuvant chemotherapy in ESCC patients (24, 25). Moghadam et al. suggest a relationship between the CYP1B1-rs1056836 genetic polymorphism and clinical features of ESCC (26). Therefore, the results of the present study are considered to be reliable.

To further identify effective biomarkers with diagnostic and prognostic value, we evaluated the effects of the eight novel genes on the survival of ESCC patients using the online Kaplan-Meier plotter. ESCC patients with higher mRNA levels of MMS22L and MUC13 had higher OS. Additionally, ESCC patients with lower mRNA levels of VAPA, CYP1B1, and UBC had higher OS. As shown in the Kaplan-Meier plotter, MMS22L expression was the most likely candidate gene among many novel genes. The MMS22L gene is mapped to chromosome 6 open-reading frame 167, also known as C6orf167. In our study, MMS22L expression in 23 ESCC tissues was notably lower than that in their para-carcinoma tissues, and this trend was consistently observed across the ESCC cell lines and the human normal oesophageal cell line. Thus, MMS22L may be a tumour suppressor gene in ESCC. In contrast to our findings, a previous study found that MMS22L expression was upregulated in lung and oesophageal cancer tissues compared with that in adjacent normal lung and oesophageal tissues, and MMS22L was identified as an oncogene (27). This discrepancy may arise from the inadequate sample size and unknown oesophageal cancer histologic type in their study. Many genes play both tumour suppressor or oncogenic roles in different tissues, tumour types, or cellular contexts (28).

Previous studies have shown that MMS22L plays critical roles in the DNA damage response and repair, affecting the response of tumour cells to DNA-damaging agents, such as camptothecin (CPT), ionising radiation (IR), hydroxyurea (HU), and methyl methanesulfonate (MMS) (29–32). According to previous reports, knocking down MMS22L promoted apoptosis by activating caspase-3 and downregulating Bcl-XL (29), an inhibitor of apoptosis. Importantly, Duro et al. found that tumour cells lacking MMS22L were resistant to HU, cisplatin, and IR. However, this finding is inconsistent with that reported by O’Connell et al. who found that Hela cells lacking MMS22L were sensitive to IR, CPT, and MMS (30). Additionally, downregulation of MMS22L is associated the bone metastasis in breast cancer (33). Previous controversial results have generated considerable interest regarding the function of MMS22L in ESCC. In the present study, we found that low MMS22L expression, immunohistochemically stained and analysed semiquantitatively in ESCC samples, was a useful predictor of worse responses to NCRT and lymph node metastasis, and enhanced migration and resistance to 5-FU in the TE-1 cell line. These findings were corroborated by in vitro studies showing that the knockdown of MMS22L in the TE-1 cell line was associated with enhanced migration and resistance to 5-FU.

Proteins associated with each other in the String Protein-Protein Interaction Network have related functions, and FBXW7 is most closely related to MMS22L. FBXW7 is an F-box protein that binds to key regulators of cell division and growth, including cyclin E, MYC, JUN, and Notch (34). FBXW7 is a critical tumour suppressor involved in the ubiquitin-proteasome system in human cancer, and loss of FBXW7 function leads to chromosomal instability (34, 35). FBXW7 expression is downregulated in ESCC tissues and correlates with the TNM stage, the degree of differentiation, the invasion depth, the lymph node metastasis, and a worse prognosis in ESCC (36, 37). Mutations in FBXW7 are associated with metastasis and correlates with increased expression of T-cell proliferation and antigen presentation functions (38). These results may suggest that an indirect or direct regulatory function between MMS22L and FBXW7 will contribute to tumour progression and metastasis through immunological effects or the tumour microenvironment. However, this interpretation of these data remains speculative at this point and will require further cell biological studies.

In conclusion, network analysis based on molecular aspects associated with the efficacy of chemoradiotherapy in ESCC may facilitate identification of novel biomarkers and a deeper understanding of the mechanisms. Our approach presents interesting approaches for future studies. Additionally, our data indicate that low MMS22L expression status in biopsy specimens is a predictive factor for the unfavourable efficacy of NACRT in ESCC. Therefore, patients with ESCC receiving NCRT are likely to fail when MMS22L downregulation is observed on a biopsy specimen. However, a larger sample size will be needed to validate and possibly extend these findings.
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Variable N Mean density + SEM p-Value

Age (year)
>60 24 0.03872 + 0.003568 0.9366
<60 14 0.03698 + 0.003682

Sex
Male 33 0.03859 + 0.002842 0.7376
Female 5 0.03618 + 0.008554

Differentiation
G1/Gx 24 0.04380 + 0.003507 0.2028
G2 6 0.04526 + 0.01146
G3 8 0.02946 + 0.004677

Location
Upper 8 0.03477 + 0.005017 0.8406
Moderate 19 0.03978 + 0.004123
Lower 11 0.03901 + 0.005607

Depth of invasion
cT1-T2 13 0.04069 + 0.003240 0.2587
cT3-T4 25 0.03790 + 0.003948

Lymph node metastasis
cNO 27 0.04188 + 0.002912 0.0095
N+ 11 0.02942 + 0.005090

Stage
cl-ll 13 0.03962 + 0.003136 0.3449
cli-Iv 25 0.03757 + 0.003753

The mean density represents the relative MIMS22L expression level.
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CUL3 8452 2036.2 Cullin 3

uBC 7316 12924.31 Ubiquitin C

CYP1B1 1645 2p22.2 Cytochrome P450 family 1 subfamily
B member 1

MUC13 56667 3g21.2 Mucin 13, cell surface associated

MMmS22L 253714 6q16.1 MMS22 like, DNA repair protein
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