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Abstract. The present study aimed to investigate the expres-
sion of methionine sulfoxide reductases B3 (MSRB3) in 
gastric cancer (GC) and its clinical significance. A total of 90 
specimens from patients with GC were collected to evaluate 
MSRB3 protein expression by immunohistochemical staining. 
The associations between MSRB3 protein expression, clinico-
pathological characteristics and prognosis of patients with GC 
were subsequently investigated. The results demonstrated that 
MSRB3 protein expression in GC tissues samples was signifi-
cantly higher compared with that in paired adjacent normal 
tissues (P=0.017). Among the 90 GC cases, 64 (71.1%) exhibited 
higher MSRB3 expression. In addition, the diagnostic value 
of MSRB3 for patients with GC was estimated with a sensi-
tivity of 71.1% and a specificity of 46.7%. However, MSRB3 
expression was not associated with clinicopathological charac-
teristics of patients with GC. Kaplan‑Meier analysis indicated 
that patients with high MSRB3 expression had significantly 
shorter overall survival (OS) times compared with those with 
low expression (P=0.040). Univariate Cox regression analysis 
indicated that maximum tumor diameter, depth of invasion, 
lymph node metastasis, Tumor‑Node‑Metastasis (TNM) stage 
and MSRB3 expression were significantly associated with 
OS time. Multivariate Cox regression analysis indicated that 
MSRB3 was an independent predicting factor for the OS time 
of patients with GC (P=0.049). In addition, analysis using 
The Cancer Genome Atlas (TCGA) database validated these 
results. Kaplan‑Meier analysis revealed that higher MSRB3 
mRNA expression was associated with poorer OS time in 442 
patients with GC (P=0.004). Univariate analysis of the TCGA 
data indicated that age, depth of invasion, lymph node metas-
tasis, distant metastasis, TNM stage and MSRB3 expression 

were significantly associated with OS time; however, sex and 
histological differentiation were not associated with OS time. 
Multivariate analysis demonstrated that MSRB3 was an inde-
pendent prognostic factor in patients with GC (P=0.001). In 
conclusion, these results demonstrated that MSRB3 expression 
was upregulated in patients GC, which suggests that MSBR3 
may serve as a potential prognostic biomarker.

Introduction

Gastric cancer (GC) is the fourth most common type of cancer 
and the second most common cause of cancer‑associated 
mortality worldwide (1). In China, the morbidity and mortality 
rates of GC have gradually increased, which is a major public 
health concern  (2). Although the causes of GC, including 
environmental and genetic factors  (3,4), are commonly 
known, there are no effective strategies available to prevent its 
development. The clinical outcome of patients with advanced 
GC remains poor, despite major advances in treatment strate-
gies, including surgery, radiotherapy and chemotherapy (5). 
Therefore, it is crucial to identify a sensitive and specific 
biomarker that could predict GC prognosis and may be used 
as a target for GC treatment.

Reactive oxygen species (ROS) are involved in cell 
growth, differentiation, progression and death  (6), and 
include chemically active oxygen‑containing atoms or atom 
groups, including superoxide radical, hydrogen peroxide and 
hydroxyl radical (7). Low concentrations of ROS are crucial 
for biological processes, including intracellular signaling and 
defense against microorganisms  (8). In cancer cells, ROS 
contribute to cancer progression by amplifying genomic 
instability (9). However, ROS can also induce severe cellular 
damage, including to cancer cells (10). Both ROS‑elevating 
and ROS‑eliminating strategies can therefore be developed to 
treat cancer eliminate cancer cells. ROS in excess is known 
to attack DNA (11). The level of oxidative DNA damage is 
increased in various types of tumor, including melanoma, 
colorectal and pancreatic cancers, which strongly suggests its 
involvement in cancer development (12). DNA damage serves 
a key role in carcinogenesis (13). ROS may be involved in the 
three stages of carcinogenesis, which are initiation, promotion 
and progression (14). ROS in excess are normally eliminated 
by cellular antioxidant defense systems (15), which protect cell 
against oxidative damage.
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Methionine sulfoxide reductase (MSR) in an enzyme 
that reduces methionine sulfoxide into methionine  (16). 
MSR is considered as an important antioxidant enzyme for 
cellular ROS scavenging (17). MSRs are commonly identi-
fied in various organisms ranging from bacteria to mammals, 
and are also involved in protein repair and protein function 
regulation (18). MSRs are evolutionarily conserved. There 
are two isomers produced during methionine oxidation: 
Methionine‑S‑sulfoxide and methionine‑R‑sulfoxide, which 
are reduced by MSRA and MSRB, respectively (19). The human 
MSRA gene is located on chromosome 8 and codes for a protein 
located in the mitochondria, cytosol and nucleus (20‑22). The 
human genome contains three MSRB genes that code for 
the proteins, MSRB1, MSRB2 and MSRB3  (23). MSRB1, 
also termed selenoprotein R, is present in the cytoplasm and 
nucleus; whereas, MSRB2 is present in the mitochondria. 
There are two forms of human MSRB3; MSRB3A, which is 
localized in the endoplasmic reticulum, and MSRB3B, which 
is localized in the mitochondria. MSRB3A and MSRB3B are 
generated via alternative first‑exon splicing (24).

As an important member of the MSR family, MSRB3 is 
involved in the response to oxidative stress‑induced tissue 
alteration (25). MSRB3 can prevent oncogene‑induced DNA 
damage (26). This suggests that MSRB3 and cancer may be 
associated. However, to the best of our knowledge, only a few 
studies have reported the effects of MSRB3 in cancer cells. 
Morel et al (26) demonstrated that the expression of MSRB3 
promotes malignant transformation of breast stem cells. 
Kwak et al (17) reported that MSRB3 deficiency leads to breast, 
lung and liver cancer cell apoptosis. In addition, the functional 
role of MSRB3 in the protection against oncogene‑induced 
DNA damage may be applicable to a broad range of tumors 
including breast, lung and colorectal cancers (26). Although 
MSRB3 is highly expressed in the stomach (27), the role of 
MSRB3 in GC has not yet been elucidated. Therefore, the 
study of MSRB3 expression in human GC may provide some 
indications about its role in GC.

To the best of our knowledge, the expression of MSRB3 in 
GC and its clinical relevance have not yet been investigated. The 
present study aimed to investigate the expression of MSRB3 in 
GC samples and to determine whether MSRB3 may be associ-
ated with GC clinical outcomes. In addition, the Cancer Genome 
Atlas (TCGA) database was used to validate the results.

Materials and methods

Patients and tissue samples. A total of 90 formalin‑fixed, 
paraffin‑embedded GC tissues samples and paired adjacent 
normal tissues (at a distance of 5 cm away from the edge of 
the cancerous tissue) were collected from the Department of 
Pathology, Nanjing Drum Tower Hospital Group Suqian People's 
Hospital (Suqian, China). All samples were pathologically 
confirmed as GC and were collected from patients who under-
went surgical resection between May 2007 and April 2008. 
The surgical specimens were fixed with 10% formalin at room 
temperature for 24 h. Formalin‑fixed, paraffin‑embedded tissue 
blocks were processed by pathologists in accordance with stan-
dard procedures. The sections were stored at room temperature 
under dry conditions. Patients had not received preoperative 
radiotherapy, chemotherapy or biotherapy for cancer. The patients 

consisted of 70 (77.8%) men and 20 (22.2%) women, and the 
age range was 34‑83 years (median, 66 years old). A total of 
62 patients succumbed to the disease during the follow‑up and 
the median follow‑up time was 38 months. The present study 
protocol was approved by the Ethics and Research Committees 
of Nanjing Drum Tower Hospital Group Suqian People's Hospital 
(Suqian, China) and was conducted in accordance with the prin-
ciples outlined in The Declaration of Helsinki. Written informed 
consent was obtained from all patients included in the study. The 
tissue microarray (TMA) was made in accordance with the stan-
dard method (28) using a manual microarray device (Beecher 
Instruments). The TMA blocks contained complete clinical 
data, including age, sex, maximum tumor diameter, histological 
differentiation, depth of invasion, lymph node metastasis, distant 
metastasis and TNM stage (29).

Data mining. The TCGA database was used to further inves-
tigate the association between MSRB3 mRNA expression 
and the overall survival (OS) time of patients with GC. The 
TCGA database is a public patient database, which includes 
high‑throughput genome sequencing of >11,000 tumor tissues 
and matched normal tissues from patients (30). According to 
parameters defined in previous studies (31,32), the MSRB3 
expression and clinical data from the TCGA database were 
downloaded from the TCGA website (http://cancergenome.
nih.gov/). A total of 442 GC samples that contained detailed 
MSRB3 expression data were available for this analysis. 
Patients had received no pretreatment and data comprised 
fully characterized tumors, OS time and complete RNAseq 
information. The median MSRB3 mRNA level was used 
as the cut‑off value in tumor tissue. According to this level 
[median, 478.40; interquartile range (IQR), 230.63‑1039.47], 
patients were subdivided into low and high MSRB3 expression 
groups for further analysis as follows: For the low MSRB3 
expression group, the median was 229.36 and the IQR was 
156.51‑342.33. For the high MSRB3 expression group, the 
median was 1,035.65 and the IQR was 670.30‑1,832.16.

Immunohistochemistry analysis. Some 4‑µm‑thick sections 
were cut from TMA blocks. Staining was conducted using 
the streptavidin‑peroxidase method, according to the manu-
facturer's protocol (Thermo Fisher Scientific, Inc.). Briefly, 
sections were dewaxed in xylene and rehydrated in increasing 
ethanol gradients of 100, 95, 90, 85 and 70%. Then samples 
were boiled at 100˚C in citrate buffer for antigen retrieval. 
Samples were blocked with 5% normal goat serum (cat. 
no. KL‑D1418; Kalang Biologicals) for 30 min at 37˚C and 
incubated with rabbit anti‑human MSRB3 polyclonal primary 
antibody (1:500; cat. no. NBP1‑84259; Novus Biologicals; 
Littleton; CO; USA) overnight at 4˚C. Subsequently, samples 
were washed in PBS and incubated with horseradish perox-
idase‑conjugated goat anti‑rabbit immunoglobulin G (H+L) 
highly cross‑adsorbed secondary antibody (1:1,000; cat. 
no. A16110; Thermo Fisher Scientific, Inc.) at room tempera-
ture for 30 min. The peroxidase reaction was developed by 
3,3'‑diaminobenzidine staining. Eventually, sections were 
lightly counterstained with hematoxylin at room temperature 
for 3 min and mounted on glass slides.

Immunostaining was evaluated by two experienced 
pathologists using an inverted microscope (IX73; Olympus 
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Corporation; magnification, x200) in a double‑blinded manner. 
A total of five microscopic fields from representative MSRB3 
immune responses were examined. MSRB3 expression was 
scored based on staining intensity and percentage of positive 
cells, as previously described (33). Briefly, the percentage of 
positive cells was scored as 0, 1, 2, 3 or 4 for 5‑25, 26‑50, 51‑75 
and 76‑100% of positive cells, respectively. The staining inten-
sity was scored as 0, 1, 2 or 3 for a negative, weak, moderate on 
strong signal, respectively. The immunoreactivity score (IRS) 
was calculated as follows: IRS=staining percentage x intensity. 
IRS <6 was considered as low expression and IRS ≥6 was 
considered as high expression. A total of 64 and 26 cases had 
high and low expression of MSRB3 in GC tissues, respectively. 
However, 48 and 42 cases cases had high and low expression of 
MSRB3 in GC tissues, respectively, in non‑cancerous tissues. 
The diagnostic value of MSRB3 for GC was therefore esti-
mated with a sensitivity of 71.1% [64/(64+26)x100%=71.1%] 
and a specificity of 46.7% [42/(42+48)x100%=46.7%].

Statistical analysis. All statistical analyses were conducted 
using SPSS 16.0 software (SPSS Inc.). McNemar's test was 
used to analyze the difference in MSRB3 expression between 
different types of tissue. The association between MSRB3 
expression and clinicopathological characteristics of patients 
with GC was analyzed by χ2  test. Kaplan‑Meier survival 
curves were plotted and a log‑rank test was used to compare 
the curves. The Cox's proportional hazards model was used to 
determine the factors that were significantly associated with 
OS time. A two‑sided P<0.05 was considered to indicate a 
statistically significant difference.

Results

Aberrant overexpression of MSRB3 in GC tissues and the 
diagnostic value of MSRB3 in patients with GC. MSRB3 
expression was detected by immunohistochemical staining 
in 90 cases of human GC tissues and paired adjacent normal 
tissues. As presented in Fig. 1, MSRB3 was localized in the 
cytoplasm of GC cells. Higher MSRB3 expression levels are 
presented in Fig. 1A and B, whereas lower expression levels 
are presented in Fig. 1C and D. Among the 90 GC samples, 
64 (71.1%) exhibited a high expression of MSRB3, whereas 
48 (53.3%) of the 90 paired adjacent normal tissues presented 
with a high MSRB3 expression level (Table I). In addition, 
MSRB3 protein expression was significantly different in GC 
tissues compared with that in the paired adjacent normal 
tissues (P=0.017; Table I). The diagnostic value of MSRB3 for 
GC was estimated with a sensitivity of 71.1% and a specificity 
of 46.7% (data not shown).

Associations between MSRB3 protein expression and 
clinicopathological characteristics of patients with GC. The 
associations between MSRB3 expression and the clinicopath-
ological characteristics of patients with GC were investigated. 
The retrieved data included patient age, sex, maximum tumor 
diameter, histological differentiation, depth of invasion, lymph 
node metastasis, distant metastasis and TNM stage. MSRB3 
expression levels in the 90 GC samples were not significantly 
associated with age (P=0.731), sex (P=0.901), maximum tumor 
diameter (P=0.850), histological differentiation (P=0.972), 

depth of invasion (P=0.403), lymph node metastasis (P=0.850), 
distant metastasis (P=0.697) or TNM stage (P=0.745; Table II). 
The maximum tumor diameter was determined according to 
the Borrmann classification of cancers (34); this classifica-
tion identified a diffuse invasion with an unclear boundary 
in 3  patients. The maximum diameter of tumor for these 
3 patients was therefore difficult to determine by pathologists. 
Therefore, the total number of patients that were evaluated for 
the maximum tumor diameter was only 87 (Table II).

High MSRB3 expression is associated with poor clinical 
outcomes in patients with GC. The prognostic value of MSRB3 
was evaluated by a Kaplan‑Meier survival curve and log‑rank 
test. The Kaplan‑Meier analysis demonstrated that patients 
with higher MSRB3 expression exhibited a poorer prognosis 
compared with those with lower MSRB3 expression (P=0.040; 
Fig. 2A). Univariate and multivariate Cox regression analyses 
were used to compare the effect of MSRB3 expression and 
other clinicopathological parameters on patient outcome. 
The univariate analysis suggested that maximum tumor 
diameter (P=0.002), depth of invasion (P=0.008), lymph node 
metastasis (P=0.006), TNM stage (P=0.001) and MSRB3 
expression (P=0.045) were significantly associated with OS 
time; however, OS time was not associated with age, sex, 
histological differentiation or distant metastasis (Table III). 
Furthermore, multivariate analysis demonstrated that MSRB3 
expression was an independent predictor in patients with 
GC [Hazard ratio (HR), 1.813; 95% confidence interval (CI), 
1.001‑3.281; P=0.049; Table III].

To validate the prognostic significance of MSRB3 in 
a large group of patients with GC, the TCGA database was 
used to examine the association between MSRB3 mRNA 
expression and prognosis. A Kaplan‑Meier survival curve and 
log‑rank test indicated that high MSRB3 mRNA expression in 
442 patients with GC was associated with a poorer OS time 
(P=0.004; Fig. 2B) compared with a low MSRB3 expression 
level. Univariate analysis indicated that age (P=0.020), depth 
of invasion (P=0.003), lymph node metastasis (P<0.001) 

Figure 1. Immunohistochemical staining of methionine sulfoxide reduc-
tases B3. (A) Strong staining; (B) moderate staining; (C) weak staining; 
(D) absent staining. Magnification, x200.
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distant metastasis (P<0.001), TNM stage (P<0.001) and 
MSRB3 expression (P=0.004) were significantly associated 
with OS time; however, OS time was not associated with sex or 

histological differentiation (Table IV). The results from multi-
variate analysis suggested that MSRB3 may be an independent 
prognostic factor in patients with GC (HR, 1.755; 95% CI, 
1.248‑2.466; P=0.001; Table IV).

Discussion

The present study investigated the expression of MSRB3 in GC 
tissues and its association with the clinicopathological charac-
teristics and prognosis of patients with GC. The results revealed 
that MSRB3 expression level in GC samples was significantly 
higher compared with in corresponding normal gastric tissues 
(P=0.017). The current results also suggested that high MSRB3 
expression was associated with a poorer prognosis for patients 
with GC, which was consistent with the data obtained from 
the TCGA database. In addition, the expression of MSRB3 was 
demonstrated to be an independent prognostic factor in patients 
with GC at the mRNA and protein levels.

MSRB3 is present in the ER and mitochondria of human 
cells (23), and acts as an antioxidant and protein repair enzyme 

Figure 2. Kaplan‑Meier survival curves for MSRB3 expression level in 
patients with GC. (A) OS time curves for patients with GC (n=90) expressing 
high or low levels of MSRB3. Patients with high MSRB3 expression exhib-
ited a significantly shorter OS time compared with those with low MSRB3 
expression (P=0.040). (B) OS time curves for patients with GC (n=442) from 
The Cancer Genome Atlas database. Patients with high MSRB3 expres-
sion level exhibited a significantly shorter OS time compared with patients 
with low MSRB3 expression level (P=0.004). GC, gastric cancer; MSRB3, 
methionine sulfoxide reductases B3; OS, overall survival.

Table I. Methionine sulfoxide reductases B3 expression level 
in different GC and adjacent normal tissues of patients with 
GC.

	 Adjacent normal tissues
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
GC tissues	 High expression	 Low expression	 Total

High expression	 36	 28	 64
Low expression	 12	 14	 26
Total	 48	 42	 90

P=0.017 as assessed by McNemar's test. GC, gastric cancer.

Table II. MSRB3 expression and clinical characteristics of 
90 patients with gastric cancer.

	 MSRB3
	 expression
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variable	 Cases, n	 Low	 High	 P‑value

Age, years				    0.731
  <65	 39	 12	 27	
  ≥65	 51	 14	 37	
Sex				    0.901
  Female	 20	 6	 14	
  Male	 70	 20	 50	
Maximum tumor diameter, cm				    0.850
  <5	 30	 9	 21	
  ≥5	 57	 16	 41	
Histological differentiation				    0.972
  Moderate‑high	 24	 7	 17	
  Poor	 66	 19	 47	
Depth of invasion				    0.403
  T1‑2	 11	 2	 9	
  T3‑4	 79	 24	 55	
Lymph node metastasis				    0.850
  N0	 23	 7	 16	
  N+	 67	 19	 48	
Distant metastasis				    0.697
  M0	 86	 24	 62	
  M1	 4	 2	 2	
TNM stage				    0.745
  I/II	 37	 10	 27	
  III/IV	 53	 16	 37	

MSRB3, methionine sulfoxide reductases B3; TNM, 
Tumor‑Node‑Metastasis; GC, gastric cancer.
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by specifically catalyzing the reduction of methionine‑R‑sulf-
oxide residues in proteins (35). The highest MSRB3 expression 
levels are observed in the bladder, heart, skeletal muscles, 
aorta and lung (27). MSRB3 is also highly expressed in the 
digestive system, including the stomach and intestines (27). 
Physiologically, MSRB3 is important for mouse and human 
hearing  (36,37), and serves a crucial role in normal cell 
proliferation (38,39). MSRB3 deficiency causes G1/S cell cycle 
arrest by regulating the expression of heme oxygenase‑1, p21 
and p27, thereby inhibiting normal cell proliferation (38,39). 
In addition, MSRB3 deficiency increases intracellular ROS 
levels, leading to redox imbalance, and also increases the 
Bax/Bcl‑2 ratio and cytochrome c release from the mitochon-
dria into the cytosol, which results in caspases activation and 
cell apoptosis (40,41).

The effect of MSRB3 on cancer cells has been previously 
investigated. Morel et al (26) demonstrated that the expres-
sion of MSRB3 enables mammary stem cells to bypass 

critical anti‑tumor barriers by preventing oncogene‑induced 
cellular stress, thereby promoting malignant transformation. 
Kwak et al (42) further reported that MSRB3 is involved in 
the regulation of cancer cell proliferation and apoptosis. In 
addition, MSRB3 deficiency has been demonstrated to lead to 
breast, lung and liver cancer cell apoptosis (17). These previous 
findings were consistent with the results from the present 
study, which demonstrated that increased MSRB3 expression 
was associated with poor clinical outcomes of patients with 
GC. Furthermore, TCGA database analysis of MSRB3 mRNA 
expression validated these results. MSRB3 is understood to 
serve a crucial role in cell protection (24); notably, the results 
from the current study suggest that this protective effect may 
also include the protection of cancer cells.

Based on the results from the present study, low MSRB3 
expression was hypothesized to cause GC cell apoptosis, 
which could lead to better clinical outcomes. A previous study 
demonstrated that low expression of MSRB3 causes a negative 

Table III. Univariate and multivariate Cox regression analysis of overall survival time in 90 patients with gastric cancer.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age: <65 vs. ≥65 years	 1.518	 0.906‑2.544	 0.113			 
Sex: Female vs. male	 0.936	 0.516‑1.698	 0.827			 
Maximum tumor diameter: <5 vs. ≥5 cm	 2.559	 1.401‑4.677	 0.002a	 1.818	 0.986‑3.351	 0.056
Histological differentiation: Moderate‑high vs. poor	 1.480	 0.815‑2.687	 0.198			 
Depth of invasion: T1‑2 vs. T3‑4	 6.817	 1.661‑27.980	 0.008a	 10.038	 1.329‑75.839	 0.025a

Lymph node metastasis: N0 vs. N+	 2.595	 1.314‑5.122	 0.006a	 2.167	 0.793‑5.922	 0.132
Distant metastasis: M0 vs. M1	 2.251	 0.809‑6.261	 0.120			 
TNM stage: I/II vs. III/IV	 2.586	 1.488‑4.495	 0.001a	 1.138	 0.505‑2.564	 0.756
MSRB3 expression: Low vs. high	 1.817	 1.013‑3.257	 0.045a	 1.813	 1.001‑3.281	 0.049a

aP<0.05. CI, confidence interval; GC, gastric cancer; HR, hazard ratio; MSRB3, methionine sulfoxide reductases B3; TNM, 
Tumor‑Node‑Metastasis.

Table IV. Univariate and multivariate Cox regression analysis of overall survival time in 442 patients with gastric cancer from 
The Cancer Genome Atlas database.

	 Univariate analysis	 Multivariate analysis
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Variable	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age: <65 vs. ≥65 years	 1.451	 1.061‑1.984	 0.020a	 1.806	 1.268‑2.573	 0.001
Sex: Female vs. male	 1.094	 0.797‑1.503	 0.579			 
Histological differentiation: Moderate‑high vs. poor	 1.308	 0.950‑1.801	 0.100			 
Depth of invasion: T1‑2 vs. T3‑4	 1.837	 1.234‑2.733	 0.003a	 1.275	 0.781‑2.083	 0.331
Lymph node metastasis: N0 vs. N+	 2.159	 1.460‑3.191	 <0.001a	 1.620	 0.921‑2.851	 0.094
Distant metastasis: M0 vs. M1	 2.612	 1.578‑4.323	 <0.001a	 2.313	 1.282‑4.173	 0.005a

TNM stage: I/II vs. III/IV	 2.128	 1.520‑2.981	 <0.001a	 1.242	 0.731‑2.111	 0.423
MSRB3 mRNA expression: Low vs. high	 1.589	 1.158‑2.180	 0.004a	 1.755	 1.248‑2.466	 0.001a

aP<0.05. CI, confidence interval; GC, gastric cancer; HR, hazard ratio; MSRB3, methionine sulfoxide reductases B3; TNM, 
Tumor‑Node‑Metastasis.
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response (cancer cell death), whereas its high expression leads 
to a positive response (cancer cell proliferation) (42). MSRB3 
may also be involved in the apoptosis of GC cells, as it is 
involved in lung, breast, and liver cancer cells (17). The under-
lying mechanism of high MSRB3 expression‑mediated poor 
prognosis in patients with GC requires further investigation. 
Studies on the caspase family may help elucidate the mecha-
nisms involved in MSRB3 downregulation‑induced cell death.

MSRB3 expression level was not associated with any 
clinicopathological parameters of patients with GC, but was 
significantly associated with OS time. Particularly, high 
MSRB3 mRNA and protein expression levels were significantly 
associated with poorer OS time. Since MSRB3 was not associ-
ated with clinicopathological characteristics, it was suggested 
to be an independent prognostic factor. This hypothesis was 
subsequently verified by Cox regression analysis. Multivariate 
Cox regression analysis confirmed that MSRB3 expression 
was a significant independent prognostic factor in patients 
with GC. This result was further verified by the analysis of 
442 GC cases from the TCGA database. Numerous studies 
have analyzed the clinicopathologic prognostic factors for GC 
from various countries. Certain controversial factors, including 
sex, age, tumor diameter and differentiation, depth of invasion, 
lymph node metastasis, distant metastasis and TNM stage have 
been considered as independent predictors (43,44). However, 
no consensus on the optimum predictors was reached. In the 
present study, besides MSRB3 expression, depth of invasion, 
age and distant metastasis were considered as independent 
prognostic factors. TNM stage was excluded from the multi-
variate analysis. Maximum tumor diameter, depth of invasion, 
lymph node metastasis, TNM stage and MSRB3 expression 
were identified to be significantly associated with OS time in 
the univariate analysis. Subsequently, these five factors were 
further analyzed by multivariate analysis in order to screen for 
independent prognostic factors. Since the factor TNM stage 
is associated with maximum tumor diameter and lymph node 
metastasis, it was considered not to be an independent factor; 
therefore, it was excluded from the multivariate analysis. By 
contrast, MSRB3 expression was revealed to be independent of 
other factors and may therefore be considered as an indepen-
dent prognostic factor. These results indicate that MSRB3 may 
serve an important role in cancer and serve as a prognostic 
biomarker for GC.

Some limitations to this study should be addressed. 
Firstly, the present study was a single‑center study enrolling 
limited number of patients. Secondly, the retrospective design 
covered a period of 10 years and tissue sections from paraffin 
blocks may exhibit a considerable diminution in antigenicity. 
Thirdly, many cases were excluded because of neoadjuvant 
chemotherapy, which would cause collection bias. Eventually, 
this study only used immunohistochemistry technique, which 
may cause bias in the results. Further investigation using a 
multi‑center and prospective study and involving additional 
techniques is necessary to improve the accuracy of the results.

In conclusion, the results from the present study demon-
strated that MSRB3 expression was increased in GC tissues 
and was associated with poorer prognosis in patients with GC. 
This suggests that MSRB3 may be considered as a potential 
novel prognostic biomarker for patients with GC and as an 
effective molecular target for GC treatment. However, further 

investigation is required to fully elucidate the mechanisms 
underlying the role of MSRB3 in GC.
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