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Abstract. FK506 binding protein 10 (FKBP10) has been 
reported to be dysregulated in numerous types of cancer; 
however, few reports have investigated FKBP10 in gastric 
cancer (GC). The aim of the present study was to investigate 
FKBP10 expression in GC and to analyze its association with 
the prognosis of patients with GC. FKBP10 mRNA expression 
was evaluated using The Cancer Genome Atlas (TCGA) and 
Gene Expression Omnibus (GEO) databases. The standardized 
mean differences of the meta-analysis were comprehensively 
evaluated for FKBP10 expression from a series of GEO data-
sets. Kaplan-Meier survival and Cox regression analyses were 
applied to predict the prognostic value of FKBP10 in patients 
with GC. Additionally, the protein expression levels of FKBP10 
were validated by immunohistochemistry (IHC) in 40 GC 
and adjacent tissues. FKBP10 co-expression network and 
bioinformatics analyses were then used to explore the potential 
functional mechanisms of FKBP10. The results revealed that 
the mRNA expression levels of FKBP10 were significantly 
increased in GC within the TCGA and GEO databases. Survival 
analysis revealed that high FKBP10 expression results in poorer 
overall survival and disease-free survival (P<0.05). Multivariate 
cox regression analysis indicate FKBP10 as a dependent 
prognostic factor. The results of IHC indicated that the protein 
expression levels of FKBP10 were higher in GC tissues than 
in adjacent non-GC tissues (P<0.001). Co-expression networks 
and functional enrichment analysis suggested that FKBP10 
may be involved in the development of GC via cell adhesion 
molecules and extracellular matrix-receptor interaction path-
ways. Therefore, the findings of the present study indicated that 
FKBP10 is upregulated in GC tissues, and suggests its potential 

prognostic value. Therefore FKBP10 may be a potential thera-
peutic target for the treatment of GC.

Introduction

Gastric cancer (GC) is a common malignancy worldwide. The 
incidence of GC is highest in East Asian countries, including 
Korea, Mongolia, Japan and China, with 40-60 cases per 
100,000 individuals, followed by Eastern Europe (~35 cases 
per 100,000 people) (1,2). According to a statistical report, 
there were ~679,000 new cases of GC and 498,000 associated 
mortalities in China in 2015 (3). Current treatments for GC 
include surgery, chemotherapy, radiation and immunotherapy, 
all of which can be administered alone or in combination (4). 
Adjuvant treatment has been shown to be beneficial for 
GC (4,5). In Japan, early diagnosis via endoscopy and early 
tumor resection are used to improve the 5-year survival rate 
of patients with GC (5,6). Those with GC often present symp-
toms only in the later stages; however, the majority of patients 
do not receive medical attention until symptoms present. At 
the time of definitive diagnosis, many patients with GC are of 
an advanced stage of disease, at which point treatment is less 
effective. Despite advancements in treatment, no significant 
improvement in the prognosis of patients with GC have been 
reported; the 5-year overall survival rate was determined to 
be 30-35% (7). Thus, highly sensitive biomarkers to increase 
the sensitivity of early diagnostic methods for GC are of great 
interest for the development high‑specificity drugs.

FK506 binding protein (FKBP65) is a 65-kDa protein 
and highly conserved; almost all FKBP family members 
have peptide precursor cis-trans isomerase activity (8). FKBP 
prolyl isomerase 10 (FKBP10) is a gene encoding FKBP65, 
and is a member of a group of proteins termed the immuno-
philins, belonging to the FKBP-type peptidylprolyl cis/trans 
isomerase family (9,10). It is located in the endoplasmic 
reticulum, and is a molecular chaperone that interacts with 
collagen (11); FKBP10 has been reported to directly interact 
with collagen I (11). As an important intracellular regula-
tory factor for extracellular matrix (ECM) reconstruction, 
FKBP10 is an important potential target for the treatment of 
idiopathic pulmonary fibrosis (12,13). In addition, it is increas-
ingly apparent that FKBP members serve a very important 
role in the formation of tumors and may be considered as 
novel biomarkers of cancer (14,15). For example, FKBP10 is 
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associated with ovarian cancer (16,17), lung cancer (18), pros-
tate cancer (19), leukemia (20), renal cell carcinoma (21) and 
colorectal cancer (22).

In recent years, numerous studies have identified genes related 
to the prognosis of GC (23-25). Some of these genes can act as 
prognostic factors for GC, yet the prognostic potential of these 
genes as biomarkers in GC remains unknown. The importance 
of differentially expressed FKBP10 in GC and its prognostic 
value in patients with GC require further investigation.

In the present study, the differential expression levels of 
FKBP10 mRNA in GC and normal tissues were compared 
using the Gene Expression Omnibus (GEO) and The Cancer 
Genome Atlas (TCGA) databases; the removal of batch effects 
on same type platforms was performed in our GEO analysis. 
In addition, Kaplan-Meier survival and cox regression analyses 
were conducted to explore the potential prognostic value of 
FKBP10 expression in patients with GC.

Materials and methods

Data extraction of FKBP10 expression from GEO and TCGA 
databases. The data were limited to microarray and RNA 
sequencing uploaded before August 2018. Mesh-terms and 
free words were used for increasing the search parameters 
in the GEO databases (https://www.ncbi.nlm.nih.gov/geo/). 
The search terms were: ‘Cancer’, ‘tumor’, ‘carcinoma’ or 
‘neoplasm’, and ‘gastric’ or ‘stomach’. ‘Homo sapiens’ was 
used to limit the search range. In total, 20 microarrays 
containing 957 samples of GC and 536 samples of para-
cancer tissues with FKBP10 expression information were 
downloaded (Table I). The normalized expression value and 
the median expression value were obtained from multiple 
probes of FKBP10. The data of FKBP10 expression from the 
TCGA database (https://www.cancer.gov/about-nci/organiza-
tion/ccg/research/structural-genomics/tcga) were downloaded 
with University of Santa Cruz Xena (https://xena.ucsc.edu/), 
which provided a normalized count of gene-level transcription.

Detection of FKBP10 mRNA expression levels in gastric 
cancer. To investigate the expression of FKBP10, Gene 
Expression Profiling Interactive Analysis (GEPIA) (26) was 
used to retrieve expression data of GC tissues. In addition, data 
on FKBP10 expression in ~1,000 cell lines were provided by 
The Cancer Cell Line Encyclopedia (https://portals.broadinsti-
tute.org/ccle). Except for the TCGA data, FKBP10 expression 
was obtained from a microarray series GEO dataset. After 
comparing FKBP10 expression in single series datasets, 
same-type microarray platforms were combined to expand 
sample capacity, in order to comprehensively analyze the 
expression of FKBP10. The removal of batch effects across 
platforms was performed using the ‘sva’ Bioconductor package 
of R (v3.5.0) (26). The standardized mean difference (SMD) 
method was used to assess the continuous variable, FKBP10 
expression. Data from 19 gene microarrays were combined 
with a random effects model when heterogeneity (I2)>50%. The 
results were presented as forest plots. Sensitivity analyses and 
publication bias were used to evaluate the combined quality. 
Continuous variables of FKBP10 expression were converted 
to true positive, false positive, false negative and true negative 
counts. Summary receiver operating characteristic (SROC) of 

19 GEO microarrays were used to comprehensively investigate 
the diagnostic value of FKBP10. All analyses were conducted 
using STATA 12.0 software (StataCorp). The associations 
between FKBP10 expression and certain clinicopathological 
parameters were analyzed using a Student's t-test. Tumor and 
paracancerous samples from the same patient were analyzed 
using a paired t-test, while an unpaired t-test was used to 
analyze unpaired samples. Genetic alterations of FKBP10 were 
determined by cBioPortal (https://www.cbioportal.org/). The 
DNA methylation information of FKBP10 was obtained from 
the MethHC database (http://methhc.mbc.nctu.edu.tw/) (27).

Prognosis analysis of FKBP10 in GC. We aimed to investi-
gate the prognostic potential of FKBP10 in GC in the TCGA 
and GEO databases independently. Overall survival (OS) 
and disease-free survival (DFS) curves were drawn based 
on data from TCGA and GEO (28) via GEPIA (http://gepia.
cancer-pku.cn/) and Kaplan-Meier Plotter (http://kmplot.
com/analysis/) (29). Univariate and multivariate cox analyses 
were conducted with adjustments to age, sex, tumor stage, 
histological grade and the clinical features of GC.

D etec t io n  o f  FK BP10  pro te i n  expres s io n  b y 
immunohistochemistry. The immunohistochemistry results of 
FKBP10 from the Human Protein Atlas (HPA) were investi-
gated, which contained protein expression profiles as determined 
by immunohistochemistry (https://www.proteinatlas.org/) (30). 
In addition, immunohistochemistry data were verified using GC 
tissue and paired adjacent normal mucosa tissue samples. In 
total, 40 cases of GC tissue and adjacent normal tissue samples 
(20 male and 20 female, age range 25-79 years; average age 
56.8-yars old) were collected from patients with GC at The First 
Affiliated Hospital of Guangxi Medical University (Nanning, 
China), between January 2018 and August 2018. The present 
study was approved by the Ethics Committee of The First 
Affiliated Hospital of Guangxi Medical University and all 
patients provided written informed consent. Antigen retrieval 
was conducted by boiling tissue sections in sodium citrate buffer 
(pH 6.0) at 100‑120˚C for 5 min; endogenous peroxidase activity 
was blocked with 3% hydrogen peroxide at room temperature 
for 10 min; sections were then incubated with a rabbit 
anti-FKBP10 polyclonal antibody (bs-13175R; 1:700; BIOSS) 
overnight at 4˚C, followed by a conjugated secondary antibody 
(cat. no. D-3004-15, Shanghai Long Island Biotec, Co., Ltd.) at 
room temperature for 30 min; followed by 3',3'-diaminoben-
zidene staining at room temperature for 5 min. The average 
score was calculated by randomly selecting five fields under a 
light microscope (magnification x200). The immunoreaction 
score (IRS) was calculated according to the intensity of staining 
and the percentage of positive cells. Intensity was scored as 
follows: 0, negative; 1, weak; 2, moderate and 3, strong. The 
percentage of positive cells was scored as follows: <5%, 0; 
6-25%, 1; 26-50%, 2; 51-75%, 3; >76%, 4.

FKBP10 biological function analysis. To further investigate 
the biological function of FKBP10 in GC, we analyzed the 
possible interactions of FKBP10 using a protein-protein inter-
action (PPI) network. An interaction score of 0.4 was set as a 
cut‑off value. In addition to PPI analysis, we identified the genes 
associated with FKBP10 expression that may also be involved 
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in the regulation of GC development. FKBP10 co-expression 
networks were assessed using the GEPIA and Coexpedia online 
tools (http://www.coexpedia.org/) (31). Pearson correlation 
analysis of FKBP10 was conducted using GEPIA. Then, Gene 
Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analyses were performed using 
the DAVID 6.8 (https://david.ncifcrf.gov/home.jsp).

Results

FKBP10 mRNA expression levels based on TCGA and GEO 
databases. A flow chart of our study design was presented 
in Fig. 1. FKBP10 is relatively expressed at high levels in a 
variety of tumors, except gynecological malignancies, including 
cervical squamous cell carcinoma, uterine corpus endometrial 

Table I. Information of elected Gene Expression Omnibus series dataset.

 Case
 -----------------------------------------------------------
ID Type Country GC non-GC

GSE29272 GPL96 USA 134 134
GSE37023 GPL96 Singapore 112 39
GSE54129 GPL570 China 111 21
GSE64951 GPL570 USA 63 31
GSE13911 GPL570 Italy 38 31
GSE19826 GPL570 China 12 15
GSE79973 GPL570 China 10 10
GSE51725 GPL570 Japan   8   2
GSE27342 GPL5175 USA 80 80
GSE63089 GPL5175 China 45 45
GSE13195 GPL5175 China 25 25
GSE33335 GPL5175 China 25 25
GSE56807 GPL5175 China 5   5
GSE26899 GPL6947 USA 96 12
GSE13861 GPL6884 USA 65 19
GSE65801 GPL14550 China 32 32
GSE103236 GPL4133 Romania 10   9
GSE84787 GPL17077 China 10 10

GC, gastric cancer.

Figure 1. Flow chart of the study design of FKBP10 analysis in gastric cancer. FKBP10, FK506 binding protein 10.
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carcinoma and ovarian cancer (Fig. 2A). Additionally, FKBP10 
was significantly overexpressed in GC tissues {n=408, 
log2[transcripts per million (TPM) + 1]=5.06} compared 
with in adjacent gastric tissues in the TCGA database [n=36, 
log2(TPM + 1)=3.53; P<0.001] (Fig. 2B). Expression levels in 
certain GC cell lines were consistent with those in GC tissues, 
each exhibiting medium expression levels (Fig. 2C). Among 19 
GEO microarray analyses, FKBP10 expression levels in GC 
tissues were significantly increased than in adjacent tissues 
(GSE29272, GSE54129, GSE26899, GSE27342, GSE13861, 
GSE63089, GSE13911, GSE65801, GSE13195, GSE33335, 
GSE89148, GSE19826, GSE79973, GSE103236, GSE51725, 
GSE56807 and GSE2701) (Fig. 3). After batch effects removal 
of platform GPL96, GPL570 and GPL5175, FKBP10 also 
exhibited significantly increased expression in the combined 
GC samples compared with in normal samples (Fig. 3). 
Furthermore, a comprehensive meta-analysis indicated that 
FKBP10 expression in GC tissues was upregulated than in 
adjacent tissues [SMD=1.31, 95% confidence interval (CI): 
1.02-1.6; P<0.001] (Fig. 4A). Additionally, forest plots of 

removal batch effects showed a consistent expression trend in 
GC tissues (SMD=1.09, 95% CI: 0.81-1.37, P<0.001) (Fig. 4B). 
No significant publication bias was determined in either funnel 
plot (P=0.125 and P=0.124) (data not shown). The association 
between the differential expression of FKBP10 and the clini-
copathological features of patients with GC was investigated. 
As for cancer status, FKBP10 expression in patients with GC 
was significantly higher than in tumor‑free patients, but there 
were no significant differences between FKBP10 expression 
and stage, grade, T stage, N stage and M stage (Table II). 
FKBP10 expression was significantly associated with the 
clinicopathological factor of person neoplasm cancer status. 
This indicated that tumor status could be closely related to 
FKBP10 expression; however, FKBP10 was not significantly 
linked to other clinical parameters. This may be due an 
insufficient sample size. Histological types were classified 
as gastrointestinal adenocarcinoma (tubular, papillary, not 
otherwise specified and mucinous type) and stomach adeno-
carcinoma (not otherwise specified, diffuse and signet ring 
type). Unfortunately, FKBP10 expression did not significantly 

Table II. Association between gastric cancer and FKBP10 expression and clinicopathological features in The Cancer Genome 
Atlas.

Clinicopathological parameters Cases (n) FKBP10 expression levels T P-value

Age
  <60 years 122 10.612 1.089 0.277
  ≥60 years 288 10.439
Sex
  Male 268 10.553 1.216 0.225
  Female 147 10.369
Stage
  I+II 181 10.385 -1.043 0.298
  III+IV 211 10.543
Grade
  G1+G2 160 10.626 1.519 0.129
  G3 255 10.400
T stage
  T1+T2 110 10.499 0.177 0.860
  T3+T4 296 10.469
N stage
  N1 123 10.251 -1.862 0.063
  N2+N3 273 10.550
M stage
  M0 367 10.460 -1.113 0.266
  M1 27 10.786
Person neoplasm cancer status
  Tumor free 237 10.365 -2.107 0.036a

  With tumor 135 10.704
Recurrence
  No 313 10.416 -1.728 0.085
  Yes 102 10.706

aP<0.05. FKBP10, FK506 binding protein 10.
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differ between gastric and gastrointestinal adenocarcinoma. 
In addition, there was no significant relationship between 
FKBP10 expression and differentiated adenocarcinoma. The 
receiver operating characteristic (ROC) curve for FKBP10 
based on GEO was presented in Fig. 5. The area under the 
curve was 0.774-1 (P=0.001). The ROC curve of FKBP10 was 
0.773 in TCGA (P<0.001; Fig. 5). The combined microarray 
data had a sensitivity of 0.77 (0.64‑0.86), a specificity of 0.89 
(0.83-0.93), and an area under the combined SROC curve 
of 0.91 (0.89‑0.94) (Fig. 6). No significant publication bias 
was observed (P=0.04). The frequency of FKBP10 altera-
tions in TCGA was 9% (35/393), with 24 amplifications, 6 
missense mutations and 5 truncating mutations, with no 
alterations in the remaining sections (Fig. 7A). Subsequently, 
DNA methylation analysis revealed the methylation level 
across FKBP10 gene regions [promoter, enhancer, TSS1500, 
TSS200, 5'untranslated region (UTR), first exon, gene body 
and 3'UTR), as well as CpG islands/CPG island regions, 
shelves and shores (Fig. 7B).

Prognostic value of FKBP10. FKBP10 has potential for predicting 
the prognosis of patients with GC. Patients with high FKBP10 
expression had a significantly shorter OS time relative to patients 
with low expression FKBP10 (hazard ratio (HR)=1.5; P=0.014) 
(Fig. 8A). In addition, patients with high expression of FKBP10 
had shorter durations of DFS than those with low expression 
(HR=1.6, P=0.021; Fig. 8B). We also verified in the GEO database 
that patients with high expression of FKBP10 had significantly 
shorter OS and DFS times than patients with low expression 
(HR=1.36, P<0.001; HR=1.27, P=0.017) (Fig. 8C and D). Using 
univariate cox analysis, we found that FKBP10 expression levels, 
age, tumor, node and metastasis (TNM) stage, grade, T stage and 
N stage were closely associated with prognosis. Subsequently, 
multivariate analysis indicated that FKBP10 expression, age 
and TNM staging could be independent prognostic factors for 
patients with GC (Table III).

FKBP10 protein expression in GC. We downloaded FKBP10 
protein expression data pertaining to GC from the HPA. We 

Figure 2. FKBP10 mRNA expression levels. (A) Histogram of FKBP10 expression in various types of cancer. (B) FKBP10 expression in gastric cancer tissues 
[log2(TPM + 1)=5.06] was significantly higher than in normal tissues [log2(TPM + 1)=3.53], (*P<0.001). (C) Histogram of FKBP10 expression levels in gastric 
cancer cells, which were the median between those of several cancer cell lines. The histogram was downloaded from The Cancer Cell Line Encyclopedia. 
Different colors represented the expression level of FKBP10 in different cell types. FKBP10, FK506 binding protein 10; SATD, stomach adenocarcinoma; 
TPM, transcripts per million.
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reported that 4/10 GC tissue samples exhibited positive staining 
with HPA057021 antibody (Fig. 9A). Compared with cancer 
tissues, upregulated FKBP10 protein expression was not detected 
in normal tissues (Fig. 9B). In addition, we validated 40 pairs of 

GC tissues and corresponding adjacent tissues by immunohis-
tochemistry and calculated the IRS scores. The expression of 
FKBP10 in GC tissues (IRS=5.6) was significantly increased 
than in adjacent tissues (IRS=0.002, P<0.001; Fig. 9C and D).

Figure 3. FKBP10 expression based on Gene Expression Omnibus microarray data. FKBP10 expression was assessed by microarray analysis. A total of 17 series 
(GSE29272, GSE54129, GSE26899, GSE27342, GSE13861, GSE63089, GSE13911, GSE65801, GSE13195, GSE33335, GSE89148, GSE19826, GSE79973, 
GSE103236, GSE51725, GSE56807, GSE4701) revealed FKBP10 to be significantly overexpressed in gastric cancer relative to that in normal tissues. The 
same platform microarrays underwent batch effects removal and then processed into our workflow. GPL96 contained GSE29272 and GSE37023, GPL570 
contained GSE54129, GSE64951, GSE13911, GSE19826, GSE79973 and GSE51725, while GPL5175 had GSE27342, GSE63089, GSE13195, GSE33335 and 
GSE56807. *P<0.05; **P<0.01; ***P<0.001. A paired t-test was used to analyze the data of paired samples, while unpaired t-test was used to analyze unpaired 
samples. FKBP10, FK506 binding protein 10.



ONCOLOGY REPORTS  42:  615-628,  2019 621

Biological function analysis. To explore the biological func-
tion of FKBP10, we identified and analyzed the proteins that 
interact with FKBP10 via PPI analysis. We found that dystonin, 
leucine- and proline-enriched proteoglycan 1 (also known 
as P3H1), keratin 14 and transmembrane protein 38B could 
interact with FKBP10 (genes combined score >0.7) (Fig. 10). 
We also searched for genes closely related to FKBP10 expres-
sion; a FKBP10 co-expression network of TCGA and GEO 
data was created and analyzed by GEPIA and Coexpedia, 
respectively (Fig. 11). Additionally, prolyl 3-hydroxylase 

family member 4 (P3H4, also known as LEPREL4) was 
identified as the most closely related gene in from TCGA and 
GEO network analyses (R=0.89, P<0.001; Fig. 12). We also ran 
GO and KEGG pathway analyses of co-expressed genes. The 
results of KEGG enrichment showed that the most significantly 
enriched pathways were regulating the ‘pluripotency of stem 
cells’, ‘cell adhesion molecules’, ‘vasopressin-regulated water 
reabsorption’, ‘ras signaling’, ‘lysine degradation’, ‘insulin 
signaling’, ‘glutathione metabolism’, ‘glucagon signaling’ and 
‘estrogen signaling pathway’ (Fig. 13).

Figure 4. Forest plot of FKBP10 expression. (A) Expression of FKBP10 was significantly overexpressed in GC tissues relative to non‑GC tissues (SMD=1.31, 
95% CI, 1.02-1.61). (B) Removal of batch effects of the same platform series (GPL96, GPL570 and GPL5175). FKBP10 expression was consistently overex-
pressed in GC relative to non‑GC tissues (SMD=1.09, 95% CI, 0.81‑1.37). CI, confidence interval; FKBP10, FK506 binding protein 10; GC, gastric cancer; 
SMD, standardized mean difference.
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Discussion

To the best of our knowledge, the present study is the first to 
comprehensively investigate the characterization of FKBP10 in 
GC. We initially found that FKBP10 is highly expressed in GC 
using the GEO and TCGA databases. Subsequently, we verified 
that the protein expression levels of FKBP10 were consistent 
with the data of GEO and TCGA by immunohistochemistry. In 
addition, the expression of FKBP10 was determined to be closely 
associated with clinical prognosis. It was found in the TCGA 
and GEO datasets that patients with GC and high expression 
of FKBP10 had lower DFS and OS times than those with low 
expression. In addition, multivariate COX analysis demonstrated 
that FKBP10 was an independent prognostic factor for GC. 
Collectively, the results of the present study suggests that FKBP10 
may be a key target gene involved in the development of GC.

As an endoplasmic reticulum localization protein, FKBP65 
binds to tropoelastin throughout the secretory process (32). 

Figure 5. FK506 binding protein 10 receiver operating characteristic curve in the GEO and TCGA. Among GEO data, 17 series and TCGA data showed 
significant diagnostic potential (P<0.05). AUC, area under the curve; GEO, Gene Expression Omnibus; TCGA, The Cancer Genome Atlas.

Figure 6. SROC curve of FK506 binding protein 10. AUC of SROC curve is 
0.91 (95% CI, 0.88-0.92). SROC, summary receiver operating characteristic.
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Investigations into FKBP10 have primarily focused on 
pulmonary fibrosis and osteochondrosis; FKBP10 mutations 
has been linked to the onset of many diseases (33,34). As a 
connective tissue disease, Bruck syndrome is mainly char-
acterized by the loss of endopeptide lysine hydroxylation 
at the molecular level, leading to the reduction of collagen 
pyrimidine cross-linking (35). The literature indicates that 
FKBP65 crosslinks with pyridine by mediating the dimer-
ization of LH2 (35-37). FKBP10 expression was determined 
to be upregulated in idiopathic pulmonary fibrosis and 
bleomycin‑induced lung fibrosis (12). Importantly, the loss of 
FKBP10 expression significantly suppressed collagen secre-
tion by primary human lung fibroblasts (12). Downregulated 
expression of FKBP10 leads to decreased collagen type I a 
1chain mRNA levels, resulting in liver fibrosis and collagen 
accumulation (38).

In recent years, the relationship between FKBP10 and 
cancer has been investigated. The main function of FKBP10 
is to control folding, trafficking and secretion of protein 
during the production of extracellular matrix proteins (32). 

FKBP10 is highly expressed in melanoma and colorectal 
cancer (22,39). Downregulated FKBP10 can suppress tumor 
growth in KRAS-driven lung tumors (18). Decreasing the 
expression of FKBP10 can inhibit the proliferation and 
migration of renal cancer cells, affecting the cell cycle (21). 
The transcription factor ETS variant 1 targets FKBP10 to 
regulate the invasion and migration of prostate cancer 
cells (19,40). However, in ovarian cancer (16,17), the expres-
sion profile of FKBP10 opposed that to other tumors; the 
mechanism of action by which FKBP10 may be involved 
differs, yet further investigation is required. In addition, the 
expression and function of FKBP10 has not yet been reported 
in GC.

According to GO analysis, FKBP10 significantly corre-
lated with protein and collagen production. KEGG pathway 
enrichment analysis showed that FKBP10 may be related to 
cell migration, particularly via cell adhesion molecules and 
ECM-receptor interaction pathways. These results are similar 
to those of Romano et al (32). FKBP10 protein localizes to 
the endoplasmic reticulum (ER) and acts as a molecular 

Table III. Cox regression model analysis of overall survival in patients with gastric cancer.

 Univariate analysis Multivariate analysis
 ---------------------------------------------------------------------------------------- ----------------------------------------------------------------
Covariates HR 95% confidence interval P‑value HR 95% CI P‑value

FKBP10 expression level 1.192 1.076-1.319 0.001a 1.159 1.042-1.289 0.006a

Age (<60 vs. ≥60 years) 1.482 1.028‑2.136 0.035 1.627 1.117‑2.370 0.011
Sex (male vs. female) 0.772 0.546-1.091 0.143
T stage (T1-2 vs. T3-4) 1.799 1.195-2.708 0.005a

N stage (N0 vs. N1-3) 2.096 1.389-3.164 <0.001a 2.059 1.357-3.122 0.001a

M stage (M0 vs. M1) 1.137 0.614-2.103 0.683
Histological grade (G1-2 vs. G3) 1.398 0.997-1.961 0.052

aP<0.05. FKBP10, FK506 binding protein 10.

Figure 7. Genetic alterations and methylation of FKBP10. (A) FKBP10 was revealed to have more genetic alterations in The Cancer Genome Atlas cohort. 
A total of 24 cases had FKBP10 amplifications, 5 had truncating mutations and 6 possessed missense mutations. (B) The methylation levels of FKBP10 across 
gene regions (TSS1500, TSS200, 5'UTR, gene body, 3'UTR) and CpG islands, as well as shelves and shores in gastric cancer. *P<0.05, **P<0.005. CNA, copy 
number alteration; FKBP10, FK506 binding protein 10; UTR, untranslated region.
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Figure 8. Kaplan-Meier analysis of FKBP10, and OS and DFS of gastric cancer. (A) OS time of the low FKBP10-expression group was longer than of the high 
expression group based on TCGA data (P=0.013). (B) DFS time of the low FKBP10-expression group in low group was longer than that of the high expression 
group based on TCGA data (P=0.02). (C) OS time of the low FKBP10-expression group was longer than that of the high expression group based on GEO 
data (P<0.001). (D) DFS time of the low FKBP10-expression group was longer than that of the high-expression group based on TCGA data (P=0.017). Plots 
were created using a Gene Expression Profiling Interactive Analysis and Kaplan‑Meier Plotter tools. DFS, disease‑free survival; FKBP10, FK506 binding 
protein 10; GEO, Gene Expression Omnibus; HR, hazard ratio; OS, overall survival; TCGA, The Cancer Genome Atlas; TPM, transcripts per million.

Figure 9. Immunohistochemistry analysis of FKBP10. (A) Immunostaining of FKBP10 in gastric cancer tissue from the HPA. High cytoplasmic staining for 
FKBP10. (B) Immunostaining of FKBP10 in paired normal gastric tissues from the HPA; no detectable staining of FKBP10 was observed. (C and D) FKBP10 
expression levels in the gastric cancer group (n=40, IRS=5.6) were notably higher than the paired adjacent normal tissues (IRS=0.002, P<0.001). 
Magnification, x200. A paired t‑test was used for analysis. FKBP10, FK506 binding protein 10; HPA, Human Protein Atlas; IRS, immunoreaction score.
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chaperone (18). We reported that P3H4 was the most commonly 
expressed gene with FKBP10. The data indicated that P3H4 
acts as part of an ER complex with prolyl 3-hydroxylase 3, 
which affects collagen lysine hydroxylation (41). This suggests 
that FKBP10 may interact with proline 3-hydroxylase to affect 
collagen synthesis. Although our study found that the expres-
sion of FKBP10 could be related to the prognosis of patients 

with GC, how FKBP10 regulates the progression of GC and 
how this can be applied for the targeted treatment of GC 
requires further investigation.

Of note, there were limitations to the present study. First, 
survival analysis was conducted using GEPIA and Kaplan 
Meier Plotter tools. The survival time of DFS should be 
shorter than OS. However, the result of our analysis showed 

Figure 11. FKBP10 co‑expression gene networks in gastric cancer. (A) Genes co‑expressed with FKBP10 were ranked via Pearson's correlation coefficient 
with The Cancer Genome Atlas data in Gene Expression Profiling Interactive Analysis. (B) FKBP10 co‑expression network was inferred from an individual 
series dataset of Gene Expression Omnibus in Coexpedia. Yellow indicated a lower degree of association with FKBP10, while red indicated a higher degree 
of association with FKBP10. FKBP10, FK506 binding protein 10.

Figure 10. Protein-protein interaction analysis of FKBP10. FKBP10 is likely to associate with DST, CRTAP (P3H5), LEPRE1 (P3H1), KRT14 and TMEM38B. 
An interaction score of 0.4 was set as cut-off value. DST, dystonin; CRTAP, cartilage associated protein; EBNA1BP2, EBNA1 binding protein 2; FAM20A, 
family with sequence similarity 20, member A; FKBP10, FK506 binding protein 10; IFITM5, interferon-induced transmembrane protein 5; LEPRE1, lep-
recan; KRT14, keratin 14; PLOD2, procollagen-lysine, 2-oxoglutarate 5-dioxygenase 2; TMEM38B, transmembrane protein 38B.
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the reverse. Among the TCGA and GEO data, some patients 
are still being followed up, so the data are incomplete and 
still required further sample verification. We aim to verify 
the relationship between FKBP10 and patient prognosis 
using our own samples in the future. At the protein level, we 
only verified this relationship using immunohistochemistry; 
however, further validation using PCR and western blotting 
will be conducted in the future. In addition, the biological 
role of FKBP10 in gastric cancer cells should be investigated. 
Regarding the biological mechanism of FKBP10 in cancer, we 
have only proposed some options, yet the oncogenic function 
of FKBP10 should be further confirmed by in vitro and in vivo 
experiments.

In summary, the present study reported that FKBP10 is 
significantly elevated in GC; thus; FKBP10 could be considered 

as a potential novel therapeutic target for the treatment of this 
disease.
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