
2255

Int J Ophthalmol,    Vol. 18,  No. 12,  Dec. 18,  2025        www.ijo.cn
Tel: 8629-82245172     8629-82210956      Email: ijopress@163.com

·Basic Research·

MSH6 gene methylation on clinical pathology and 
diagnosis in retinoblastoma: a bioinformatics analysis

Cheng-Fang Zhang1, Liang Zhao2, Tian-Ming Jian2, Yu-Feng Guo1

1Department of Ophthalmology, Tianjin Hospital, Tianjin 
300211, China
2Department of Orbital Disease and Oculoplastic Surgery, 
Tianjin Key Laboratory of Retinal Functions and Diseases, 
Tianjin Branch of National Clinical Research Center for 
Ocular Disease, Eye Institute and School of Optometry, Tianjin 
Medical University Eye Hospital, Tianjin 300384, China
Correspondence to: Liang Zhao. Department of Orbital 
Disease and Oculoplastic Surgery, Tianjin Key Laboratory of 
Retinal Functions and Diseases, Tianjin Branch of National 
Clinical Research Center for Ocular Disease, Eye Institute 
and School of Optometry, Tianjin Medical University Eye 
Hospital, Tianjin 300384, China. liangzhaoeye83@163.com
Received: 2025-02-14        Accepted: 2025-08-12

Abstract
● AIM: To explore the methylation status of MSH6 in 
retinoblastoma (RB) and its impact on clinicopathological 
features and diagnosis.
● METHODS: Differentially expressed genes were identified 
through bioinformatics screening of the GSE24673 and 
GSE125903 datasets, combined with GeneCards database 
analysis. A total of 102 RB patients and 62 trauma-
enucleated controls between January 2018 and December 
2023 were enrolled, with their clinicopathological data 
and retinal tissues collected. The mRNA and methylation 
levels of MSH6 in retinal tissues were detected using 
real-time quantitative polymerase chain reaction (PCR) 
and methylation-specific PCR. Western blot analysis 
was conducted in one pair of RB and control tissues for 
preliminary protein-level validation of MSH6 expression. 
Based on the methylation status of MSH6, RB patients 
were categorized into two groups: low-methylation and high-
methylation. Both univariate and multivariate analyses were 
conducted to identify independent factors influencing the 
methylation levels using clinicopathological data. Receiver 
operating characteristic (ROC) curves were applied to 
evaluate the diagnostic potential of MSH6 methylation in RB.
● RESULTS: Bioinformatics analysis of public datasets 
revealed that MSH6 expression was downregulated across 
multiple cancers, RB. Consistently, in clinical RB tissues, 

MSH6 mRNA expression was significantly lower than that in 
control retinal tissues, whereas the promoter methylation 
level of MSH6 was markedly higher (both P<0.001), 
indicating that promoter hypermethylation may contribute 
to transcriptional silencing of MSH6 in RB. Patients with 
higher MSH6 methylation levels showed more advanced 
pathological classification and a higher frequency of 
metastasis. Multivariate logistic regression confirmed that 
metastatic status (P=0.008, OR=3.51) and pathological 
classification (P=0.005, OR=3.7) were independent 
factors associated with MSH6 methylation. Receiver 
operating characteristic (ROC) analysis demonstrated 
that MSH6 methylation could effectively distinguish 
RB tissues from non-tumorous controls (AUC=0.847, 
sensitivity=78.43%, specificity=80.65%), suggesting that 
MSH6 hypermethylation may serve as a potential diagnostic 
biomarker for RB.
● CONCLUSION: The methylation level of the MSH6 gene 
may be a key factor in RB pathogenesis. The methylation 
status of the MSH6 gene is closely associated with 
clinicopathological features and shows diagnostic potential.
● KEYWORDS: retinoblastoma; MSH6; diagnosis; 
methylation; clinical pathology
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INTRODUCTION

R etinoblastoma (RB), the most common intraocular 
malignant tumor in childhood, is typically diagnosed 

in children under 5 years old and represents approximately 
3% of all pediatric cancers[1]. While the survival rate of 
RB has significantly improved with early diagnosis and 
therapeutic advances, high mortality rates still persist in high-
risk patients, especially those with late-stage or metastatic 
disease[2-3]. Consequently, accurate early identification of 
high-risk individuals and implementation of personalized 
therapeutic strategies remain critical research priorities in RB 
management.
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As a classically hereditary malignancy, RB is closely 
associated with mutations in the RB1 tumor suppressor gene, 
which is located on chromosome 13q14. Mutations in this 
gene lead to abnormal proliferation of retinal cells, resulting 
in tumor formation[4]. Although RB1 mutations are the primary 
pathogenic mechanism of RB, an increasing number of studies 
have shown that the occurrence and progression of the tumor 
involve complex interactions with additional genetic and 
molecular pathways. Epigenetic dysregulation, particularly 
aberrant DNA methylation, has emerged as a key contributor 
to RB pathogenesis[5]. DNA methylation is an important 
epigenetic modification that regulates gene expression and 
plays well-established roles in cancer onset, progression, and 
drug resistance[6]. Therefore, characterizing DNA methylation 
alterations in RB and their impacts on clinicopathological 
features and prognosis is crucial for advancing diagnostic and 
therapeutic approaches.
MSH6 (MutS homolog 6) is a key component of the DNA 
mismatch repair system, responsible for repairing mismatches 
that occur during DNA replication[7]. Both the MSH6 gene 
and its protein product are critical for maintaining genomic 
stability through DNA damage repair. Functional impairment 
or abnormal expression of MSH6 compromises DNA repair 
capacity, thereby promoting tumorigenesis and tumor 
progression. Deletion, mutation, or downregulation of the 
MSH6 gene demonstrates established associations with the 
development of multiple malignancies, including colorectal, 
gastric, and lung cancers[8-9]. Notably, abnormal methylation of 
the MSH6 gene has been found to be linked to the occurrence 
and prognosis of these tumors, suggesting its utility as an 
early diagnostic marker or prognostic factor[10]. Despite this 
evidence, the role of MSH6 in RB remains underexplored, with 
no systematic studies reported to date.
In this study, we combined multi-omics data from the 
Gene Expression Omnibus (GEO) database to identify 
differentially expressed genes (DEGs) closely associated with 
RB development and progression through bioinformatics 
methods. Focusing on MSH6, we subsequently characterized 
its expression patterns and methylation status. Using real-
time quantitative polymerase chain reaction (qPCR) and 
methylation-specific PCR (MSP), MSH6 expression and 
methylation levels were validated in clinical RB specimens, 
and their correlations with clinicopathological features were 
analyzed. By integrating bioinformatics analysis with clinical 
validation, this study aims to elucidate the potential role of 
MSH6 gene methylation in RB pathogenesis and to explore its 
value as a diagnostic biomarker.
PARTICIPANTS AND METHODS
Ethical Approval  The study received approval from Tianjin 
Medical University Eye Hospital’s Medical Ethics Committee 

[No.2024KY(L)-18], and informed consent was obtained from 
the guardians of all children involved in the study.
Study Design  This study included 102 children with RB 
who underwent surgical treatment at the Department of 
Ophthalmology, Tianjin Medical University, between January 
2018 and December 2023. The cohort consisted of 59 males 
and 43 females. Inclusion criteria were: 1) diagnosis of RB 
according to established criteria[11], with confirmation by 
postoperative pathological examination; 2) complete clinical 
records with no missing data; 3) unilateral disease. Exclusion 
criteria included: 1) concurrent hematological disorders; 2) 
additional malignant tumors; 3) abnormal function of organs 
such as the heart and liver; 4) patients who refused or did 
not complete relevant examinations. In addition, 62 children 
undergoing enucleation due to traumatic indications with 
histologically confirmed normal retinal tissues were selected 
as the control group. These children exhibited no evidence of 
tumor-related diseases upon comprehensive examination, with 
37 males and 25 females. No notable difference was observed 
in the basic characteristics between the two groups (P>0.05), 
ensuring comparability. 
Methods
Bioinformatics analysis   Datasets GSE24673 and 
GSE125903 related to RB were retrieved from the GEO 
database (https://www.ncbi.nlm.nih.gov/gds/). DEGs were 
identified by comparing the gene expression profiles of RB 
samples with normal retinal controls. Protein interaction data 
were downloaded from GeneCards (https://www.genecards.
org/), with DEG intersections visualized using the Jvenn 
system (https://jvenn.toulouse.inrae.fr/app/example.html). 
The prognostic significance of candidate DEGs across various 
cancers was analyzed via the Kaplan-Meier plotter platform 
(https://kmplot.com/analysis/).
Clinical data  Demographic and clinicopathological 
characteristics of all RB patients were collected, including age, 
gender, lesion site, optic nerve involvement, metastatic status, 
chemotherapy history, and pathological classification.
Quantitative polymerase chain reaction  Following the 
manufacturer’s instructions, TRIzol reagent (15596026CN, 
Invitrogen, CA, USA) was used to extract total RNA 
from retinal tissues. The purity and concentration of the 
extracted RNA were measured using a NanoDrop One 
spectrophotometer. RNA was then reverse transcribed into 
cDNA using the RevertAid cDNA Synthesis Kit, followed by 
SYBR green-based qPCR amplification, with MSH6-specific 
primers designed and synthesized by GenePharma (Shanghai) 
Co., Ltd. (Table 1). MSH6 gene expression was normalized 
to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) as 
the internal control. All qPCR reactions were performed in 
triplicate to ensure reproducibility, and no-template controls 
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were included to monitor contamination. The specificity of 
amplification was confirmed by melt curve analysis. After 
obtaining the threshold cycle (Ct) values for each sample, data 
were analyzed using the 2-ΔΔCt method to calculate the fold change 
in target gene expression between the experimental and control 
groups with the formula: ΔΔCt=(Cttarget gene-Ctreference gene)experimental group- 
(Cttarget gene-Ctreference gene)control group.
Methylation-specific polymerase chain reaction  
Genomic DNA was extracted from retinal tissues using 
a DNA extraction kit. Extracted DNA underwent CpG 
methyltransferase treatment followed by bisulfite conversion 
using reagents purchased from Dalian TaKara Biotechnology 
Co., Ltd. For each reaction, 1 μg of peripheral blood-derived 
DNA was enzymatically modified following the instructions of 
the methyltransferase kit. To mitigate false negatives/positives, 
all samples were subjected to parallel amplification with both 
methylated and unmethylated primer sets. Fully methylated 
and unmethylated human genomic DNA (commercial 
standards) were included as positive controls for bisulfite 
conversion and MSP, while deionized water was used as 
a negative control. All MSP reactions were independently 
repeated at least twice to verify reproducibility. Additional 
positive controls for methylation/unmethylation status 
comprised CpG methyltransferase-treated DNA and bisulfite-
converted retinal DNA, with deionized water serving as the 
negative control. Primer sequences synthesized by Shanghai 
Biotechnology Co., Ltd. are listed in Table 2, and experimental 
reagents were purchased from Dalian TaKara Biotechnology 
Co., Ltd.
The MSP protocol for MSH6 (173 bp): Pre-denaturation at 
95℃ for 3min, followed by 37 cycles of 94℃ for 30s, 58℃ 
for 20s, and 72℃ for 20s, with a final extension at 72℃ for 
5min.
The unmethylation-specific PCR protocol (173 bp): Pre-
denaturation at 95℃ for 3min, followed by 37 cycles of 94℃ 
for 30s, 56℃ for 20s, and 72℃ for 20s, with a final extension 
at 72℃ for 5min. PCR products were analyzed using 2% 
agarose gel electrophoresis.
Interpretation criteria for PCR results: Samples showing 
specific amplification products for the methylated primers, 
with or without amplification products for the unmethylated 
primers, were considered positive (methylated). Conversely, 
samples showing only amplification for the unmethylation-
specific primers were considered negative (unmethylated).
Western blot  Total protein was extracted from RB tissues 
and matched normal retinal tissues using RIPA lysis buffer 
(Beyotime, Shanghai, China) supplemented with protease 
inhibitors. Protein concentrations were determined using 
a bicinchoninic acid assay kit. Equal amounts (20-30 μg) 
of protein per sample were separated by sodium dodecyl 

sulfate-polyacrylamide gel electrophoresis and transferred to 
polyvinylidene fluoride membranes (Millipore). Membranes 
were blocked with 5% non-fat milk in Tris-buffered saline 
with Tween-20 for 1h at room temperature and incubated 
overnight at 4℃ with the following primary antibodies: anti-
MSH6 (AB25640, 1:3000, ABclonal, Wuhan, China) and 
anti-GAPDH (AC001, 1:10 000, ABclonal, Wuhan, China). 
After washing, membranes were incubated with horseradish 
peroxidase-conjugated secondary antibodies (AC054, 1:5000, 
ABclonal, Wuhan, China) for 1h at room temperature. Protein 
bands were detected using enhanced chemiluminescence 
substrate (Thermo Fisher) and imaged with a Tanon imaging 
system. Densitometric analysis was performed using ImageJ 
software, with MSH6 expression normalized to GAPDH.
Statistical Analysis  Data analysis was performed using SPSS 
26.0 statistical software. All statistical tests were two-tailed, 
with a significance threshold of P<0.05. The normality of 
continuous data was evaluated with the Shapiro-Wilk test. For 
comparisons between two groups, t-tests were employed, and 
normally distributed data were presented as mean±standard 
deviation. Univariate and binary logistic regression analyses 
were conducted to identify potential risk factors. Receiver 
operating characteristic (ROC) curves were used to evaluate 
the diagnostic value of MSH6 methylation levels. The optimal 
cutoff value was determined by the Youden index to maximize 
the combined sensitivity and specificity. Additionally, the area 
under the curve (AUC) for each biomarker was calculated to 
assess its diagnostic performance.
RESULTS
DEGs in Retinoblastoma-related GEO Datasets  In this 
study, DEG analysis was performed on RB-related GEO and 
GeneCards datasets, with the results presented in Figure 1A. 
Two datasets, GSE24673 and GSE125903, were selected, 
and differential gene expression between RB samples and 

Table 1 Primer sequences for qPCR

Gene Sequence
MSH6 F: 5’-CGGAGTCAACGGATTTGGTCGTAT-3’

R: 5’-AGCCTTCTCCATGGTGGTGAAGAC-3’
GAPDH F: 5’-AATGGGCAGCCGTTAGGAAA-3’

R: 5’-GCGCCCAATACGACCAAATC-3’

qPCR: Quantitative polymerase chain reaction; MSH6: MutS homolog 6; 

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase.

Table 2 Primer sequences for MSP

Gene Sequence
MSH6 methylation F: 5’-TTCGTTAGTAGGAGTCGCGC-3’

R: 5’-TTCGCGTAAAACCCTAACCG-3’
MSH6 unmethylation F: 5’-TTTGTTAGTAGGAGTTGTGT-3’

R: 5’-TTCACATAAAACCCTAACCA-3’

MSP: Methylation-specific polymerase chain reaction; MSH6: MutS 

homolog 6.
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normal controls were compared, leading to the identification 
of significantly dysregulated genes. A Venn diagram (Figure 
1B) illustrates 443 DEGs common to both datasets. Separately, 
GeneCards-derived proteins associated with “RB” (relevance 
score >20) yielded a total of 60 RB-related candidates. 
Intersectional analysis of these 443 DEGs and 60 proteins 
identified four final RB-related targets: MSH6, EZH2, PAX5, 
and CDKN2A. These genes showed significant differential 
expression in RB samples, suggesting potential roles in of RB 
pathogenesis.

Analysis of MSH6 Expression Across Multiple Cancer 
Types  Kaplan-Meier plotter was used to analyze the survival 
data of the four DEGs. The results indicated that MSH6 was 
significantly associated with the prognosis of pan-cancer 
patients (Figure 2). Based on these findings, MSH6 was 
selected as the focus of subsequent studies to investigate its 
role in RB. Further details were in Figure 3.
MSH6 mRNA Expression and Methylation Levels in 
Retinoblastoma Tissues  The expression level of MSH6 
mRNA in the control group was significantly higher than that 

Figure 1 Screening of DEGs in RB-related datasets  A: Volcano plots display the DEGs between retinoblastoma and control samples in the 

GSE24673 and GSE125903 datasets; B: Venn diagram depicts the common DEGs identified in both GEO datasets; C: Venn diagram shows 

the overlap of GEO-derived DEGs and GeneCards-retrieved retinoblastoma-associated proteins. DEGs: Differentially expressed genes; RB: 

Retinoblastoma; GEO: Gene Expression Omnibus.

Figure 2 Prognostic significance of RB-associated DEGs in pan-cancer survival analysis  RB: Retinoblastoma; DEGs: Differentially expressed genes.

Figure 3 MSH6 mRNA expression and methylation levels in RB tissues  A: Scatter plot showing relative MSH6 mRNA expression in 

control and RB tissues. Each dot represents one sample; horizontal lines indicate mean±standard deviation. Heatmap showing normalized 

MSH6 mRNA expression (control, RB), color bar indicates expression level. B: Scatter plot showing MSH6 promoter methylation (%) in 

control and RB tissues.  Heatmap of methylation levels, with color bar representing methylation percentage. MSH6: MutS homolog 6; RB: 

Retinoblastoma.

Role of MSH6 gene methylation in retinoblastoma
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in the RB group (1.07±0.35 vs 0.48±0.19; t=14.148, P<0.001). 
Conversely, the methylation level of the MSH6 gene was 
significantly lower in the control group compared to the RB 
group (17.79±9.67 vs 30.10±6.91; t=9.476, P<0.001). Detailed 
results are shown in Figure 3.
MSH6 Protein Expression in Retinoblastoma and Control 
Tissues  Western blot analysis of one pair of RB and normal 
retinal tissues showed that MSH6 protein levels were lower 
in the RB tissue compared to the normal control (Figure 4). 
Densitometric quantification revealed a decrease in the 
relative expression of MSH6 (normalized to GAPDH) in the 
RB group compared to the control group. These results are 
consistent with our mRNA and methylation data, collectively 
indicating that MSH6 promoter methylation is associated with 
its downregulation at both transcriptional and protein levels in 
RB.
Relationship Between MSH6 Gene Methylation Levels and 
Clinicopathological Features  In this study, the mean MSH6 
gene methylation level of 30.10 in RB patients was used as 
the cutoff point, dividing the patients into low-methylation 

and high-methylation groups. The results indicated that 
MSH6 methylation levels were significantly associated with 
clinicopathological features such as optic nerve involvement, 
metastasis, chemotherapy history, and pathological 
classification (Table 3).
Independent Risk Factors for MSH6 Gene Methylation 
Levels in Retinoblastoma Patients  Factors with statistically 
significant differences (optic nerve involvement, metastasis, 
chemotherapy, and pathological classification) identified in the 
previous analysis were further examined. In the multivariable 
logistic regression analysis, the categorical variables were 
coded as follows: optic nerve involvement (0=no, 1=yes), 
metastasis (0=no, 1=yes), chemotherapy (0=no, 1=yes), 
and pathological classification (0=undifferentiated type, 
1=differentiated type). The results showed that metastasis and 
pathological classification were independent risk factors for 
MSH6 methylation levels in RB patients (Table 4).
Diagnostic Value of MSH6 Gene Methylation Levels for 
Retinoblastoma  ROC curve analysis indicated that MSH6 
gene methylation levels in tissues exhibited significant 

Table 3 Association between MSH6 gene methylation levels and clinicopathological features in RB patients                                                      n (%)

Indicators Low-methylation group (n=52) High-methylation group (n=50) t P
Age, mean±SD 2.04±0.72 2.19±0.76 0.991 0.324
Gender 0.187 0.665

Male 29 (55.77) 30 (60.00)
Female 23 (44.23) 20 (40.00)

Lesion site 0.945 0.331
Left eye 32 (61.54) 26 (52.00)
Right eye 20 (38.46) 24 (48.00)

Optic nerve involvement 3.923 0.048
Yes 21 (40.38) 30 (60.00)
No 31 (59.62) 20 (40.00)

Metastatic status 5.944 0.015
Yes 24 (46.15) 35 (70.00)
No 28 (53.85) 15 (30.00)

Chemotherapy 6.713 0.010
Yes 21 (40.38) 33 (66.00)
No 31 (59.62) 17 (34.00)

Pathological classification 8.927 0.003
Undifferentiated type 20 (38.46) 34 (68.00)
Differentiated type 32 (61.54) 16 (32.00)

MSH6: MutS homolog 6; RB: Retinoblastoma; SD: Standard deviation.

Table 4 Independent risk factors for MSH6 gene methylation levels in RB patients

Factor B SE Wald χ² value P OR (95%CI)
Constant -2.158 0577 13.981 <0.001 0.116
Optic nerve involvement 0.494 0.477 1.074 0.300 1.639 (0.644-4.172)
Metastatic status 1.256 0.473 7.06 0.008 3.51 (1.390-8.865)
Chemotherapy 0.794 0.481 2.725 0.099 2.213 (0.862-5.681)
Pathological classification 1.308 0.466 7.868 0.005 3.7 (1.483-9.230)

MSH6: MutS homolog 6; RB: Retinoblastoma; SE: Standard error; OR: Odds ratio; CI: Confidence interval.



2260

diagnostic value for RB, with an AUC of 0.847, sensitivity of 
78.43%, specificity of 80.65%, and an optimal cutoff value of 
0.591 (Table 5, Figure 5).
DISCUSSION
RB is a childhood intraocular malignancy where significant 
challenges persist despite advances in early diagnosis and 
treatment. High-risk patients continue to face poor prognoses 
due to metastasis, recurrence, and chemotherapy resistance[12]. 
Recent research indicates that epigenetic modifications, 
especially aberrant DNA methylation, play important roles in 
the initiation and progression of tumors, including RB[13-14]. The 
MSH6 gene, a key component of the DNA mismatch repair 
system, has been shown to play a pivotal role in genomic 
stability maintenance across a variety of cancer types[15-16]. 
However, the specific role of MSH6 in RB, particularly the 
functional significance of its methylation status, remains 
unclear.
MSH6 gene, located on chromosome 2p16, was first cloned 
in 1995 and spans 4.2 kb. It encodes a 160 kD protein that 
belongs to the MutS family of DNA mismatch repair proteins. 
MSH6 forms a dimer with MSH2 (hMutSα complex), which 
recognizes and repairs single-base mismatches and small 
insertion/deletion loops in DNA. Loss of normal MSH6 
function impairs DNA repair, leading to increased base 
mismatches. Animal studies have shown that MSH6-deficient 
mice are more likely to develop tumors, and combined MSH6 
and p53 deficiencies accelerate tumorigenesis[17]. Abnormal 
expression of MSH6 has also been linked to a variety of human 
cancers, including hereditary nonpolyposis colorectal cancer, 
prostate cancer, breast cancer, endometrial cancer, pituitary 
neuroendocrine tumors, glioblastoma, renal cell carcinoma, 
and ovarian cancer[18-23]. Nevertheless, the relationship between 
MSH6 dysfunction and RB development remains largely 
unexplored.
Our bioinformatics analysis suggests that MSH6 may play an 
important role in the pathogenesis and progression of RB. We 
observed that low diminished MSH6 expression was associated 
with more aggressive tumor features. This observation 
is consistent with previous studies showing that reduced 
MSH6 expression impairs DNA repair, increases genomic 
instability, and promotes tumor progression across multiple 
malignancies[18-19]. However, further studies are needed 
to clarify the functional impact of MSH6 downregulation 
specifically in RB.
Epigenetic alterations, such as DNA methylation, are 

common in tumor development. Unlike gene mutations, 
promoter CpG island methylation can transcriptionally 
silence tumor suppressor and DNA repair genes. Previous 
studies have reported frequent MSH6 methylation in pituitary 
neuroendocrine tumors[24] and early-stage breast cancer[25], 
whereas such epigenetic changes are notably absent in certain 
glioblastomas[26]. In our study, MSH6 methylation levels 
were significantly higher in RB patients than those in healthy 
controls. Elevated MSH6 methylation was also associated 
with adverse clinicopathological features such as optic 
nerve involvement, metastasis, chemotherapeutic response, 

Table 5 Diagnostic value of MSH6 gene methylation levels for RB

Factor AUC SE 95%CI Sensitivity, % Specificity, % Youden’s index
MSH6 gene methylation level 0.847 0.032 0.785-0.909 78.43 80.65 0.591

MSH6: MutS homolog 6; RB: Retinoblastoma; AUC: Area under the curve; SE: Standard error; CI: Confidence interval.

Figure 4 Western blot analysis of MSH6 protein expression in RB 

and normal retinal tissues  Representative immunoblots for MSH6 

(180 kDa) and GAPDH (36 kDa) are shown. The bar graph displays 

quantification of MSH6 relative to GAPDH. MSH6: MutS homolog 

6; RB: Retinoblastoma; GAPDH: Glyceraldehyde-3-phosphate 

dehydrogenase. aP<0.001.

Figure 5 ROC curve analysis of the diagnostic value of MSH6 gene 

methylation in RB  ROC: Receiver operating characteristic; MSH6: 

MutS homolog 6; RB: Retinoblastoma.

Role of MSH6 gene methylation in retinoblastoma
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and aggressive pathological type. Multivariate regression 
analysis further showed that higher methylation levels were 
independently linked to increased rates of metastasis and more 
malignant pathological profiles. These collective findings 
suggest that MSH6 methylation may serve as a potential 
biomarker for the diagnosis of RB. However, large-scale 
studies are still needed to validate these results.
Previous studies have shown diverse context-dependent 
functions for MSH6 across different tumor types. For example, 
reduced MSH6 protein expression is associated with recurrence 
in glioblastoma[26], while its overexpression may indicate 
aggressiveness in prostate cancer[21]. Conversely, certain MSH6 
mutations in advanced prostate cancer are linked to better 
responses to hormonal agents and immunotherapies[27]. In 
microsatellite unstable colorectal cancer, loss of MSH6 protein 
demonstrates predilection for male patients, colonic tumor 
location, and poorly differentiated histology[22].
In our study, we observed that MSH6 transcription was 
downregulated in RB tissues compared to controls, particularly 
in samples with higher methylation levels. In addition to 
mRNA analysis, we performed a preliminary Western blot 
experiment to assess MSH6 protein expression in one pair 
of RB and control tissues. This individual case suggested 
that MSH6 protein levels decreased in RB, in line with the 
observed downregulation at the mRNA level and increased 
promoter methylation. However, as only one case was 
analyzed, this result should be interpreted with great caution 
and cannot be generalized. Although our results suggest that 
promoter methylation may conceivably contribute to reduced 
MSH6 expression in RB, alternative regulatory mechanisms, 
including mutations and allele deletions, remain plausible 
modulators of gene expression. Our findings are consistent 
with reports in pituitary neuroendocrine tumors and breast 
cancer[20,24-25,28-29], yet diverges from observations in colorectal 
and endometrial malignancies where distinct mechanisms 
may predominate[22,30]. Further studies with larger sample sets 
remain needed to validate these findings and to clarify the 
biological impact of MSH6 loss in RB pathobiology.
Emerging evidence shows that MSH6 loss exhibits context-
dependent therapeutic implications, simultaneously driving 
chemoresistance while potentiating immunotherapy responses. 
In glioblastoma, temozolomide-induced MSH6 mutations cause 
therapeutic resistance and disease recurrence. Experimental 
MSH6 knockdown increases temozolomide resistance, 
whereas re-expression restores chemosensitivity. Conversely, 
in endometrial cancer, low MSH6 levels are associated with 
increased immune infiltration, higher programmed death-
ligand 1/2 expression, and better clinical responses to immune 
checkpoint inhibitors.
In light of our findings, demonstrating elevated MSH6 

methylation and decreased transcription in RB, it is plausible 
that epigenetic silencing of MSH6 contributes to more 
aggressive tumor behavior and reduced chemotherapeutic 
efficacy. Simultaneously, such epigenetically altered tumors 
may exhibit differential responses to immunotherapy. These 
mechanistically distinct hypotheses require rigorous validation 
in integrated RB models, incorporating clinicopathological 
correlation with invasion/metastasis indices, survival analyses, 
and functional assessments of treatment sensitivity profiles.
Our ROC curve analysis demonstrated that MSH6 gene 
methylation levels had good diagnostic value for RB, with 
an AUC of 0.847, sensitivity of 78.43%, and specificity of 
80.65%. These data indicate that MSH6 methylation may serve 
as a clinically promising biomarker for early detection of RB. 
Moreover, quantitative assessment of MSH6 methylation status 
could help identify new therapeutic targets and inform the 
development of personalized treatment strategies for affected 
patients.
This study still has several limitations. Our study was 
conducted at  a single center,  which may l imit  the 
representativeness and generalizability of the results. Patient 
populations from different geographic regions or with 
varied genetic backgrounds may exhibit different clinical 
and molecular characteristics. Therefore, caution should be 
exercised when extrapolating our findings to other populations. 
Second, methylation analysis was performed using qPCR and 
MSP, without large-scale whole-genome methylation profiling. 
As a result, some methylation sites may have been missed. 
In future work, we plan to conduct multi-center studies with 
larger cohorts and to use broader methylation analysis to 
validate and extend our results.
In conclusion, collectively, this study suggests that the 
methylation level of the MSH6 gene plays a significant 
role in the onset and progression of RB, exhibiting strong 
clinicopathological correlations and diagnostic value. These 
findings open up new avenues for research directions and 
clinical applications, particularly in early diagnosis, prognostic 
evaluation, and targeted therapies for RB.
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