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Abstract. The replication protein A (RPA)1‑4 family are 
single‑stranded DNA‑binding proteins that are essential 
components of DNA replication, repair and recombination, 
and cell cycle regulation. The present study aimed to evaluate 
the prognostic value of the RPA family members in patients 
with gastric cancer (GC), using datasets retrieved from the 
Oncomine public database. Datasets were retrieved for the 
purpose of comparing the RPA expression levels between 
GC and normal tissues. Additionally, Kaplan‑Meier analysis 
was used to compare the overall survival (OS) times of GC 
patients that expressed different levels of RPA proteins. RPA1, 
2, and 3 expression levels were all significantly upregulated 
in gastric intestinal‑type, diffuse gastric, and gastric mixed 
adenocarcinomas, compared with those in normal mucosal 
tissues. Moreover, high mRNA expression levels of RPA3 and 
4 predicted poorer OS times in all GCs, as well as patients 
with human epidermal growth factor receptor 2‑negative and 
‑positive GC. The high‑risk group, separated by RPA signa-
ture, showed a poorer outcome than the low‑risk group. RPA3 
was the most strongly correlated with CD4+ T‑cell levels. In 
conclusion, RPAs are novel prognostic indicators in GC, and 
can also predict the features of immunological diseases. Future 
experimental investigation into the roles of RPAs concerning 

the pathogenesis and development of GC may provide a novel 
biomarker or therapeutic target, improving the prognosis of 
patients with GC.

Introduction

Gastric cancer (GC) remains one of the leading causes of 
cancer‑related mortality in Eastern Asia, Europe and South 
America (1). In fact, >70% of GC patients are diagnosed at an 
advanced disease stage (2), despite the discovery of numerous 
chemotherapeutics [including fluorouracil (FU)/leucov-
orin/oxaliplatin], which have improved the treatment of 
patients with advanced GC, the overall prognosis remains 
poor (3). Novel prognostic indicators are urgently required to 
facilitate improvements in the treatment and diagnosis of GC.

Replication protein A (RPA) is a single‑stranded 
DNA‑binding gene family consisting of four members, 
RPA1‑4  (4). RPAs play an essential role in DNA replica-
tion, repair, recombination and cell‑cycle regulation (4‑8). 
Previously, RPAs were thought to serve as prognostic 
biomarkers in several tumor types (5‑8). Specifically, high 
protein expression levels of RPA1 (detected using immunohis-
tochemistry) were associated with poorer outcomes in patients 
with esophageal carcinoma, compared with those with normal 
levels of expression (5).

Moreover, RPA2 was identified as an independent prog-
nostic indicator of astrocytic tumors (6). In addition, decreased 
expression of both RPA1 and 2 resulted in an adverse prog-
nosis for patients with muscle‑invasive urothelial carcinoma 
and colon cancer (7,8). Nonetheless, the specific prognostic 
values of RPAs in GC are yet to be fully determined. The 
present in silico study characterized both the prognostic and 
immunological potential of RPAs in GC, using bioinformatics 
strategies and public online resources.

Materials and methods

Oncomine database analysis. The Student's t‑test was used 
to compare the differences in the expression levels of RPAs 
between GC and normal control tissues, using three datasets 
(GSE13911, GSE13861 and PMID:19081245) (9‑11) retrieved 
from the Oncomine online database (https://www.oncomine.
org). P<0.01 and a fold‑change >2 were selected as cut‑off 
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values and considered to indicate statistically significant 
differences (12).

Kaplan‑Meier (KM) analysis. To investigate the prognostic 
value of RPA family mRNA expression levels in patients with 
GC, KM analysis was performed (www.kmplot.com) (13) to 
evaluate the differences in overall survival (OS) time between 
the high‑ and low‑expression groups. The hazard ratio (HR) 
with 95% confidence interval (CI), and log‑rank P‑values 
were calculated, and are presented on each KM survival plot. 
P<0.05 was considered to indicate a statistically significant 
difference. The following datasets were retrieved from the 
Gene Expression Omnibus: GSE14210 (n=146) (14), GSE15459 
(n=200) (15), GSE22377 (n=43) (16), GSE29272 (n=268) (17), 
GSE51105 (n=94) (18) and GSE62254 (n=300) (19). However, 
according to the recommendation of the KM plotter admin-
istrators, GSE62254 was excluded from KM analysis due to 
markedly different survival times and expression profiles, 
compared with the other datasets  (13). No other inclusion 
or exclusion criteria were specified. The mRNA expression 
profiles of RPA family members 1‑4 were collected from each 
dataset, and normalization procedures were performed (13). 
The optimal significance cut‑off value between the high‑ and 
low‑expression groups was calculated based on the imbedded 
algorithm of the KM plotter (13).

Determination of the prognostic value of the RPA family signa‑
ture using SurvExpress. The prognostic value of the RPA family 
signature was evaluated with STAD datasets retrieved from 
The Cancer Genome Atlas (TCGA), via bioinformatics analysis 
using the SurvExpress biomarker validation tool (http://bioin-
formatica.mty.itesm.mx:8080/Biomatec/SurvivaX.jsp) (20). A 
maximized risk score algorithm was used to categorize the 
data into thigh‑ and low‑risk groups.

Tumor‑immunological features of RPAs in the Tumor Immune 
Estimation Response (TIMER). The correlation between RPA 
expression and tumor immune infiltrating cell (TIIC; B cells, 
CD4+ T cells, CD8+ T cells, neutrophils, macrophages and 
dendritic cells) activity was analyzed via the TIMER plat-
form (https://cistrome.shinyapps.io/timer/) (21,22), which is a 
comprehensive resource used for the systematic evaluation of 
immunological features, based on the datasets retrieved from 
TGCA (21,22). The correlation between the expression of each 
gene and TIICs was determined using the purity‑corrected 
partial Spearman's rank correlation coefficient. Negative 
association with tumor purity indicated high expression in the 
microenvironment (21,22).

Results

mRNA expression levels of RPA1‑4 in GC tissues. The rela-
tive mRNA expression levels of RPA1‑4 in GC tissues was 
elucidated by comparing data on GC and normal tissues, 
retrieved from the Oncomine database. The mRNA expression 
levels of RPA1 and 2 in gastric intestinal type adenocarci-
noma (GITA), diffuse gastric adenocarcinoma (DGA) and 
gastric mixed adenocarcinoma (GMA) were all significantly 
higher than those in normal gastric mucosal tissues (Fig. 1). 
The mRNA expression levels of RPA3 in gastric intestinal 

type adenocarcinoma and diffuse gastric adenocarcinoma 
were higher compared with those in normal gastric mucosal 
tissues, whereas no significance was observed in gastric mixed 
adenocarcinoma. However, RPA4 did not exhibit significantly 
differential expression between the GC and normal tissue 
groups.

Prognostic values of RPA1‑4 in GC. High mRNA expres-
sion levels of RPA3 (Fig. 2C; HR, 1.43; 95% CI, 1.18‑1.73; 
P=2.9x10‑4) and RPA4 (Fig. 2D; HR=1.5; 95% CI, 1.23‑1.83; 
P=7x10‑5) were significantly correlated with a poor prognosis 
in patients with GC. By contrast, RPA1 (Fig. 2A; P=0.21) and 
RPA2 (Fig. 2B, P=0.073) did not exert a significant correlation 
between high‑expression level and poor prognosis.

The association between the prognostic values of RPA1‑4 
and various clinicopathological features (including sex, HER2 
expression, differentiation, Lauren classification, treatments 
and TNM stage) was also evaluated following stratification 
into subsets. The difference in prognostic value between the 
two sexes is detailed in Fig. 3. High RPA2 mRNA expression 
was associated with improved OS in male patients (Fig. 3A; 
HR, 0.69; 95% CI, 0.53‑0.91; P=0.0075). Furthermore, high 
mRNA expression of RPA3 and RPA4 were significantly 
associated with a poorer prognosis in both male and female 
patients with GC (Fig. 3B‑E).

HER2 status analysis determined that a high RPA2 mRNA 
expression level was associated with improved OS time in 
HER2‑positive patients (Fig. 4C; HR, 0.73; 95% CI, 0.54‑0.98; 
P=0.038). By contrast, high RPA3 and 4 mRNA expression 
were significantly associated with a poor prognosis in both 
HER2‑negative and ‑positive patients with GC (Fig.  4A, 
P=0.0098; Fig. 4B, P=0.0026; Fig. 4D, P=0.0012; Fig. 4E, 
P=0.0021).

High RPA4 mRNA expression was significantly correlated 
with poorer OS in GC patients with well‑differentiated tumors 
(Fig. 5A; HR, 4.36; 95% CI, 1.01‑18.8; P=0.031). However, 
the high‑expression GC group with moderately‑differentiated 
tumors were also significantly associated with better prognosis 
(Fig. 5B; HR, 0.39; 95% CI, 0.2‑0.76; P=0.004).

A high‑expression level of RPA1 was significantly corre-
lated with improved prognosis in patients with intestinal‑type 
GC (Fig. 5C; HR, 0.51; 95% CI, 0.31‑0.83; P=0.0066), whilst 
high‑expression levels of RPA2 and 3 were significantly 
associated with poor survival in patients with diffuse‑type GC 
(Fig. 5D, P=6.4x10‑4; Fig. 5E, P=0.0039).

High mRNA expression of RPA1 was significantly 
associated with an improved prognosis in patients with GC 
receiving 5‑FU‑based adjuvant chemotherapy (Fig. 5F; HR, 
0.34; 95% CI, 0.12‑0.94; P=0.03). By contrast, high RPA3 and 
4 mRNA expression was significantly associated with poor 
OS time in GC patients that had received 5‑FU‑based adjuvant 
chemotherapy (Fig. 5G, P=1x10‑4; Fig. 5H, P=2.9x10‑5).

Subset analysis of tissues from patients at different TNM 
stages indicated that patients with high RPA1 mRNA expres-
sion levels with stage I GC, and high RPA4 mRNA expression 
in tissues from stage IV patients, were both significantly asso-
ciated with a favorable prognosis (Table I). Conversely, high 
RPA1 and 4 mRNA expression levels in stage II patients, and 
high RPA3 mRNA expression levels in stage III patients were 
both significantly associated with a poor prognosis relative to 
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the low‑expression groups. High mRNA expression of RPA2 
and 4 correlated with favorable OS times in lymph node 
(LN)‑negative patients. RPA2 and 3 mRNA expression was 
found to be associated with an unfavorable OS in LN‑positive 
patients, while RPA4 was found to be associated with favor-
able OS in LN‑positive patients. Regarding metastatic status, 
high RPA3 mRNA expression was found to be associated with 
poorer OS times in M0 patients. Additionally, high RPA 4 
mRNA expression correlated with improved OS times in GC 
patients at the M0 metastatic stage (Table I).

Prognostic value of RPA family signatures. Given the 
increasing focus on the application of gene signatures for 
prognostic analysis, the prognostic value of the RPA family 
signature was further assessed using SurvExpress. Divided 
by the maximized risk group algorithm, the high‑risk group 
(n=206) showed a poorer outcome than the low‑risk group 

(n=146; HR, 1.6; 95% CI, 1.11‑2.30; P=0.0113; Fig. 6A‑C). 
In addition, RPA2 and 3 mRNA expression in the high‑risk 
groups was significantly elevated compared with those of 
the low‑risk groups, whist RPA1 expression was lower in the 
high‑risk groups (Fig. 6B and C).

Correlation between RPA expression and TIICs. To further 
examine the immunological influence of RPAs in GC 
tissues, the TIMER platform was utilized to analyze the 
correlation between RPAs and the prevalence of various 
immune infiltrating cell types. RPA3 expression exhib-
ited a significant correlation with CD4+ T cells (partial.
cor=‑0.358, P=1.55x10‑12; Fig. 6). As presented in Fig. 7, no 
significant correlation was observed between RPA1 and the 
tested cell types. In RPA2, significant correlations were iden-
tified with B cells, CD4+ T cells, neutrophils and dendritic 
cells (partial.cor=‑0.204, P=8.17x10‑5; partial.cor=‑0.116, 

Figure 1. RPA family analysis in patients with GC. Box plots comparing the expression of specific RPA family members in normal and GC tissues, based 
on datasets retrieved from the Oncomine database. (A‑C) Comparison of RPA1 mRNA expression levels between normal tissues and those in (A) GITA, 
(B) DGA and (C) GMA. Comparison of RPA2 mRNA expression between normal and (D) GITA, (E) DGA and (F) GMA tissues. (G‑I) Comparison of RPA3 
mRNA expression between normal and (G) GITA, (H) DGA and (I) GMA tissues. Comparison of RPA4 mRNA expression between normal and (J) GITA, 
(K) DGA and (L) GMA tissues. GC, gastric cancer; GITA, gastric intestinal type adenocarcinoma; DGA, diffuse gastric adenocarcinoma; GMA, gastric mixed 
adenocarcinoma; RPA, replication protein A.
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P=2.68x10‑2; partial.cor=0.114, P=2.84x10‑2 and partial.
cor=0.123, P=1.79x10‑2, respectively). In RPA3, significant 
correlations were identified with B cells, CD4+ T cells 
and macrophages (partial.cor=‑0.252, P=9.67x10‑7; partial.
cor=‑0.358, P=1.55x10‑12 and partial.cor=‑0.28, P=4.17x10‑8, 
respectively). In RPA4, significant correlations were identi-
fied with B cells, CD8+ T cells, neutrophils and dendritic 
cells (partial.cor=0.256, P=6.28x10‑7; partial.cor=‑0.103, 
P=4.67x10; partial.cor=‑0.156, P=2.53x10‑3 and partial.
cor=‑0.198, P=1.20x10‑4, respectively) (Fig. 7).

Discussion

The majority of studies on RPAs have focused on their 
structure, function and mechanism of action. The members 
of the RPA family are essential components of multiple 

pathways that influence DNA replication, recombination, 
repair and damage signaling (4‑8,23,24). Clinical studies 
have determined that RPAs are upregulated in various 
cancer types, including hepatocellular and esophageal 
carcinoma, and colon and bladder cancer (5,7‑8,25‑27), and 
that this frequently correlates with poor prognosis (28‑30). 
Nonetheless, the influence of RPAs on GC progression 
is yet to be elucidated. To the best of our knowledge, the 
present study represents the first comprehensive analysis 
of the prognostic potential and immunological influence 
of RPAs in GC. The present results indicate that the 
expression levels of RPA1, 2 and 3 mRNA were all 
significantly higher in GC, compared with normal tissues. 
Furthermore, high mRNA expression levels of RPA3 and 4 
were significantly associated with unfavorable OS time in 
patients with GC.

Figure 2. Prognostic value of individual RPA family members in patients with GC, determined using Kaplan‑Meier analysis. (A) Survival curve of RPA1 
(Affymetrix ID: 236675_at), high (n=117) vs. low expression group (n=231). (B) Survival curve of RPA2 (Affymetrix ID: 201756_at), high (n=150) vs. low 
expression group (n=443). (C) Survival curve of RPA3 (Affymetrix ID: 209507_at), high (n=254) vs. low expression group (n=339). (D) Survival curve of RPA4 
(Affymetrix ID: 221143_at), high (n=341) vs. low expression group (n=252). GC, gastric cancer; RPA, replication protein A; HR, hazard ratio.
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Notably, the present study investigated the effects of 
different RPAs on various clinicopathological features using 
subgroup stratification and OS analysis. HER2 expression 
status (positive/negative) in GC patients is a well‑character-
ized risk factor for GC progression. High expression levels of 
HER2 in GC have resulted in the development of trastuzumab, 
a drug that specifically targets HER2 upregulation. Moreover, 
HER2 status is widely used in subgroup analysis. To the best 
of our knowledge, the relationship between HER2 and the OS 
times of patients with high or low RPA expression has not yet 
been clarified in gastric cancer. The results of the present study 
may provide insights into the development of individualized 
therapeutic strategies.

In the present study, high expression levels of RPA1 
mRNA were significantly associated with improved prog-
nosis in subgroups of patients with i)  intestinal‑type GC; 
ii) 5‑FU‑based adjuvant chemotherapy treatment; and iii) a 
stage  I tumor. However, high RPA1 mRNA expression 
predicted significantly poorer survival outcome in GC patients 
with stage II tumors.

A high level of RPA2 mRNA expression was significantly 
associated with a favorable OS rate in male patients with GC, 
as well as patients with N‑stage disease, while indicating an 

unfavorable OS rate in patients with diffuse‑type, as well 
as N+ stage disease. Previous reports have highlighted the 
value of RPA2 as an indicator of poor prognosis in numerous 
malignancies, including astrocytic tumor, colon cancer and 
muscle‑invasive urothelial carcinomas (6‑8). Mechanistically, 
hyperphosphorylation of RPA2 (occurring in response to DNA 
damage) was associated with single‑stranded DNA and Rab51, 
and mutant phosphorylation‑deficient RPA2 could increase 
chromosomal aberration (31). However, the biological roles of 
RPA2, in terms of tumor invasion, metastasis and histological 
differentiation, have not been fully characterized. Therefore, 
based on its intrinsic correlation, it is possible that RPA2 may 
be either a poor or favorable prognostic indicator in different 
subset analyses.

Notably, in the present study, high RPA2 expression 
predicted HER2‑positive status in the GC group. This suggests 
that RPA2 may inhibit tumor cell invasion or proliferation 
by interacting with the HER2 signaling pathway. However, 
further clinical validation of the prognostic value of RPA2 is 
required.

High RPA3 mRNA expression levels were significantly 
associated with poor OS in patients with GC, indicating the 
potential prognostic value of RPA3 in GC. The results of 

Figure 3. Differences in the prognostic values of RPA expression levels in male and female patients. Kaplan‑Meier survival plots of patients with GC divided 
into those with high‑ and low‑expression levels of RPA family members. (A) RPA2 (Affymetrix ID: 201756_at) in males; high‑(n=109) vs. low‑expression 
group (n=251). (B) RPA3 (Affymetrix ID: 209507_at) in males; high‑(n=165) vs. low‑expression group (n=195). (C) RPA4 (Affymetrix ID: 221143_at) in males; 
high‑(n=91) vs. low‑expression group (n=269). (D) RPA3 (Affymetrix ID: 209507_at) in females; high‑(n=46) vs. low‑expression group (n=92). (E) RPA4 
(Affymetrix ID: 221143_at) in females, high‑(n=54) vs. low‑expression group (n=84). GC, gastric cancer; RPA, replication protein A; HR, hazard ratio.
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the present study were consistent with a previous study (32), 
which reported that RPA3 expression was upregulated in GC 
compared with normal tissues, and also predicted poor patient 
survival rate. Therefore, RPA3 may be useful as a potential 
biomarker to predict the OS of patients with GC. Moreover, the 
current study illustrated that a high mRNA expression level of 
RPA3 indicated poor OS in male and female, HER2‑negative 
and positive, M0, N+ and stage  III patients. Patients with 
diffuse‑type GC, and those receiving 5‑FU‑based adjuvant 
treatment also exhibited poorer outcomes when RPA3 was 
upregulated.

RPA4, a human homolog of RPA2, is involved in main-
taining the genomic integrity of the cell (4). Previous studies 
have reported that RPA4 possesses 47% structural homology 
with RPA2, and that it interacts with both RPA1 and 3 (33). 
However, characterization of the role of RPA4 expression in 
various malignancies remains limited. In the present study, high 
RPA4 mRNA expression was significantly associated with poor 
OS in patients with GC, particularly in well‑differentiated, male 
and female, HER2‑negative and positive patients, in addition to 
those receiving 5‑FU based adjuvant treatment, and those with 
TNM stage II disease. Conversely, higher RPA4 expression 

levels were correlated with improved prognosis in patients at 
stage IV, N‑ and + stage, and M0 stage. Increased RPA4 expres-
sion correlated with a significantly high risk of a lower OS time 
in all patients with GC. However, during subset analysis; in 
patients with a well‑differentiated tumor, RPA4 upregulation 
represented only a mildly significantly high risk of a lower OS. 
Nonetheless, patients with a moderately differentiated tumor 
and high RPA4 expression represented a significantly low risk 
factor for OS. By contrast, in patients that presented with lymph 
node‑positive and ‑negative cases, stage IV and M0, RPA4 was 
determined to be a favorable indicator of OS.

This apparent contradiction may be explained by the low 
population size of each subset. Similar research conducted in 
the future would be more reliable if univariate/multivariate 
cox regression analysis was incorporated. Mechanistically, 
RPA4 may be associated with tumor progression, lymph 
node metastasis and histological differentiation. Particularly 
given the contradictory results for RPA4 in the lymph 
node positive/negative and the general group, which 
included all patients with GC regardless of the subtype. 
It may be worth investigating the association between 
RPA4 expression and lymph node metastasis in a larger cohort.

Figure 4. The prognostic value of RPA family expression levels in HER2 subsets of GC patients. Kaplan‑Meier survival plots of patients with GC divided 
into those with high‑ and low‑expression levels of RPA family members. (A) RPA3 (Affymetrix ID: 209507_at) in HER2‑negative patients, high‑(n=166) vs. 
low‑expression group (n=132). (B) RPA4 (Affymetrix ID: 221143_at) in HER2‑negative patients, high‑(n=162) vs. low‑expression group (n=136). (C) RPA2 
(Affymetrix ID: 201756_at) in HER2‑positive patients, high‑(n=87) vs. low‑expression group (n=208). (D) RPA3 (Affymetrix ID: 209507_at) in HER2‑positive 
patients, high‑(n=154) vs. low‑expression group (n=141). (E) RPA4 (Affymetrix ID: 221143_at) in HER2‑positive patients; high‑(n=75) vs. low‑expression 
group (n=220). GC, gastric cancer; RPA, replication protein A; HR, hazard ratio; HER2, human epidermal growth factor receptor 2.
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Correlation analysis was subsequently performed to 
investigate the associations between TIICs and the expression 
levels of RPA family members. Intriguingly, B cells were 
highly correlated with RPA2, 3 and 4 expression, indicating 
the interaction between B cells and the immune features of the 
RPA family. To date, and to the best of our knowledge, this is 
the first study that has investigated RPA‑associated TIICs as 
well as their prognostic values in GC.

The present study had certain limitations; it was solely 
based on bioinformatics analysis and would benefit from 
experimental or clinical validation. Subsequent investigations 
should focus on validation of the prognostic value of the RPA 
family members. Future investigations require a larger cohort 
of samples to validate the clinical significance of RPAs in 
GC prognosis, as well as functional and mechanistic explora-
tion. Several directions for future research have been made 

Figure 5. Prognostic value of RPA family expression levels in various clinicopathological subsets of patients with GC. Survival curves of RPA4 (Affymetrix 
ID: 221143_at) are plotted for (A) well‑differentiated tumors, high‑(n=25) vs. low‑expression group (n=7); and (B) moderately‑differentiated tumors, 
high‑(n=37) vs. low‑expression group (n=30). KM survival curve showing (C) RPA1 (Affymetrix ID: 236675_at) expression in patients with intestinal‑type 
GC; high‑(n=48) vs. low‑expression group (n=80). KM plot of patients with diffuse type GC analyzing (D) RPA2 (Affymetrix ID: 201756_at); high‑(n=81) 
vs. low‑expression group (n=25). (E) RPA3 (Affymetrix ID: 209507_at), high‑(n=75) vs. low‑expression group (n=31). KM survival curves comparing high 
and low RPA family expression in patients receiving 5‑FU‑based adjuvant therapy. (F) RPA1 (Affymetrix ID: 236675_at); high‑(n=26) vs. low‑expression 
group (n=8). (G) RPA3 (Affymetrix ID: 209507_at); high‑(n=39) vs. low‑expression group (n=114). (H) RPA4 (Affymetrix ID: 221143_at); high‑(n=89) vs. 
low‑expression group (n=64). GC, gastric cancer; RPA, replication protein A; HR, hazard ratio; KM, Kaplan‑Meier; FU, fluorouracil.
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apparent. Firstly, the prognostic value of the mRNA/protein 
expression levels of RPAs using GC tissue samples. Secondly, 
the prognostic value of the RPA signature may represent a 
cost‑effective biomarker. Thirdly, the correlation between 
RPA family members and TIICs requires further in‑depth 
characterization.

In conclusion, RPA1, 2 and 3 mRNA expression levels are 
significantly higher in GC vs. normal tissues. Furthermore, 
high mRNA expression levels of RPA3 and 4 are associated 
with poor prognosis in patients with GC. RPAs should there-
fore be considered for use as potential prognostic biomarkers 
of GC progression.

Table I. Association of RPA family mRNA expression with various clinical stages in patients with GC.

Clinical stage	 RPA 	 Cases, n	 Hazard ratio (95% CI)	 P‑value

TNM stage				  
  I	 RPA1	 34	 0.29 (0.08‑1.05)	 0.045a

	 RPA2	 39	 0.52 (0.17‑1.56)	 0.230
	 RPA3	 39	 0.61 (0.2‑1.87)	 0.380
	 RPA4	 39	 0.41 (0.14‑1.21)	 0.094
  II				  
	 RPA1	 44	 313921208.06 (0‑inf)	 0.007a

	 RPA2	 49	 1.64 (0.7‑3.87)	 0.250
	 RPA3	 49	 0.68 (0.29‑1.59)	 0.380
	 RPA4	 49	 2.45 (1.02‑5.89)	 0.039a

  III				  
	 RPA1	 109	 0.77 (0.48‑1.24)	 0.280
	 RPA2	 217	 0.77 (0.56‑1.07)	 0.120
	 RPA3	 217	 1.43 (1.03‑1.99)	 0.032a

	 RPA4	 217	 1.26 (0.87‑1.81)	 0.210
  IV				  
	 RPA1	 66	 1.36 (0.74‑2.51)	 0.330
	 RPA2	 74	 1.24 (0.71‑2.19)	 0.450
	 RPA3	 74	 0.63 (0.34‑1.15)	 0.130
	 RPA4	 74	 0.50 (0.27‑0.9)	 0.020a

LN (‑)				  
	 RPA1	 38	 1.87 (0.68‑5.18)	 0.220
	 RPA2	 38	 0.34 (0.13‑0.92)	 0.027a

	 RPA3	 38	 0.43 (0.15‑1.27)	 0.120
	 RPA4	 38	 0.32 (0.11‑0.94)	 0.030a

LN (+)				  
	 RPA1	 175	 1.40 (0.89‑2.2)	 0.140
	 RPA2	 175	 1.83 (1.2‑2.78)	 0.004a

	 RPA3	 175	 1.53 (1.05‑2.22)	 0.027a

	 RPA4	 175	 0.50 (0.34‑0.72)	 <0.001a

M0				  
	 RPA1	 186	 0.69 (0.47‑1.02)	 0.064
	 RPA2	 186	 0.70 (0.44‑1.11)	 0.130
	 RPA3	 186	 1.72 (1.1‑2.71)	 0.017a

	 RPA4	 186	 0.67 (0.45‑0.98)	 0.038a

M1				  
	 RPA1	 31	 1.60 (0.73‑3.49)	 0.240
	 RPA2	 31	 1.80 (0.66‑4.89)	 0.240
	 RPA3	 31	 0.42 (0.16‑1.06)	 0.059
	 RPA4	 31	 0.54 (0.24‑1.2)	 0.130

aP<0.05. RPA, replication protein A; LN, lymph node; M0, no metastasis; M1, metastasis to different organs.
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Figure 7. Correlation between RPA family expression levels and TIICs. The correlation of RPAs and various TIIC types (B cells, CD4+ T cells, CD8+ T cells, 
neutrophils, macrophages and dendritic cells) was analyzed and plotted. RPA, replication protein A; TIIC, tumor‑infiltrating immune cells; RSEM, accurate 
quantification of gene and isoform expression of target gene from RNA‑seq data; STAD, stomach adenocarcinoma.

Figure 6. Prognostic analysis of the RPA family signature using the SurvExpress platform. (A) KM analysis of the OS between high‑(n=206, red) and low‑risk 
(n=146, green) groups using data from TCGA. (B) Heat map showing RPA expression levels (red: High risk; green: Low risk). (C) mRNA expression level of 
RPA family member proteins between high‑ and low‑risk groups. GC, gastric cancer; RPA, replication protein A; KM, Kaplan‑Meier; TCGA, The Cancer 
Genome Atlas; OS, overall survival.
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