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Introduction: Although our understanding on gastric cancer biology is better than a decade

ago, its practical effect on screening and diagnosis remains limited. Moreover, there are no

markers that can be accurately used in the clinic to diagnose early-stage gastric cancer or

monitor the patient’s response to therapy. Herein, we investigate whether FKBP14 is

involved in the progression of gastric cancer.

Methods: The AGS cell line was chosen for over-expression analysis, whereas the SGC-7901

cell line was selected for knock-down analysis. AGS cells were transfected with an FKBP14

overexpression plasmid (AGS-PLV.O-FLAG). The expression pattern of FKBP14 in both cell

lines was determined by Western blot and RT-PCR. Cell proliferation was assessed using Cell

Counting Kit-8, whereas apoptosis was performed using flow cytometry. The expression of

FKBP14 in 70 Chinese patients with gastric cancer was also investigated using tissue micro-

arrays and compared with gastric cancer patients from The Cancer Genome Atlas.

Results: FKBP14 was highly expressed in SGC7901 and had a relatively low expression in

AGS cells. Upregulation of FKBP14 in AGS cells promoted migration and invasion and

inhibits apoptosis. Knock-down of FKBP14 resulted in a suppression in migration and inva-

sion and promoted apoptosis in the SGC-7901 cell line. Effectively, gastric cancer patients had

a higher expression of FKBP14, with a lower survival rate (P = 0.028). Patients with a high

expression of FKBP14 were significantly correlated with lymph node metastasis (P =0.016),

and an advanced histologic grade (P =0.021).

Conclusion: FKBP14 is often up-regulated in gastric cancer. Patients with a high expression

of FKBP14 are usually associated with worse overall survival. FKBP14 is an oncogene in

gastric cancer, and is a potential biomarker for GC diagnosis, invasion, and prognosis.

Keywords: FKBP14, gastric cancer, in vitro, prognosis, The Cancer Genome Atlas

Introduction
Despite the global decreased incidence since 1950s,1 gastric cancer (GC) continues

to be rampant in many regions around the world. Recent epidemiological studies

report GC as the most commonly diagnosed cancer, and the third cancer-leading

cause of death worldwide.2 Although our understanding on GC biology is better

than a decade ago, its practical effect on screening and diagnosis remains limited.

Moreover, until now, there are no markers that can be accurately used in the clinic

to diagnose early-stage GC or monitor the patient’s response to therapy. It is

therefore necessary to discover new and appropriate markers, which can differenti-

ate between the different stages of cancer spread.

FKBP14 is a member of the FKBP family. In humans, this family consists of 16

proteins, ranging from 12 to 135 kDa, which are dispersed in several tissues and

subcellular compartments. FKBPs are involved in multiple cellular tasks such as

T-cell activation with immunosuppressive ligands, protein folding, protein stability,
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kinase activity, and receptor signaling.3 Lately, the expres-

sion levels of FKBPs have also been shown to be mutated

in both cancer cell lines and in human cancer tissues.4

Previous studies have demonstrated the role of FKBP14 in

Ehlers-Danlos syndrome,5 ovarian cancer,6 cervical cancer,7

and osteosarcoma.8 However, the expression of FKBP14 in

the invasion and metastasis of GC cells is poorly understood.

In this study, we investigate the expression of FKBP14 in the

GC and explore its function in regulating cell migration, inva-

sion, and apoptosis. We also evaluate the correlation of

FKBP14 with clinicopathologic factors and overall survi-

val (OS).

Materials and Methods
GC Cell Lines
The cell lines were purchased from the Culture Collection

of the Chinese Academy of Science (Shanghai, China).

Prior to the investigations, all cell lines tested negative for

Mycoplasma. The expression of FKBP14 was investigated

in the following cell lines: GES-1, HGC-27, BGC-823,

SGC-7901, and AGS. The latter was chosen for over-

expression analysis, whereas the SGC-7901 cell line was

selected for knock-down analysis. The cell lines were

cultured in Dulbecco’s modified Eagle’s medium

(DMEM, Invitrogen Life Technologies), at 37°C with 5%

CO2. We also supplemented the cells with 10% fetal

bovine serum, 2 mML glutamine, 100 units/mL penicil-

lin-G, and 100 mg/mL streptomycin.

RNA Extraction and qRT-PCR
Total RNA was isolated from cell lines using Trizol

(Invitrogen, Carlsbad, CA, USA). β-Actin was used as the

control throughout this study. Real-time (RT) PCRwas carried

out in trio on an ABI 7300 machine (Applied Biosystems,

Foster City, CA,USA), utilizing the SYBRGreen PCRMaster

Mix (TOYOBO, Osaka, Japan).

RT-PCR assays for detecting FKBP14 expression level in

the cell lines were performed with a specific primer for

FKBP14. The specific primer for the latter was F:AGA

AGGAAAAGGTAAAATTCCCCC; R: TTCATTCACCAC

CGCACCAT, whereas the specific primer for β-actin was F:

AGATCAAGATCATTGCTCCTCCT; R: ACGCAGCTCAG

TAACAGTCC.

Cell Transfection
Cell transfection was performed as per the manufacturer’s

protocols. AGS cells were transfected with an FKBP14

overexpression plasmid (AGS-PLV.O-FLAG) for the cells

that have a low level of endogenous FKBP14. AGS-PLV.

O-FLAG and AGS-PLV.O-FLAG-FKBP14 cells were pro-

vided by the Cell Construction Group of Guangzhou

Huiyuanyuan Pharmaceutical Technology Co., Ltd.

(Guangzhou, China). We first seeded AGS cells at a density

of 1×105 cells utilizing a serum-free RPMI1640 medium.

Thereafter, the AGS-NC-FLAG empty vector and AGS-

FKBPP14-FLAG overexpression vector were used for trans-

fection. For knock-down analysis, we transfected SGC7901

cells with rabbit FKBP14 siRNA (Bioss antibodies, Beijing

China). In the experimental group (SGC7901-si-FKBP14

-001), SGC7901 cells were transfected with anti-FKBP14

cells, whereas in the control group (SGC7901-si-NC),

SGC7901 cells were transfected with FKBP14’s negative

control. The expression status of all transfectants was con-

firmed using Western Blot.

Western Blot Analysis
Western blot was performed as per the manufacturer’s proto-

cols (Beyotime, Jiangsu, China). The relative expression of

FKBP14 in AGS, AGS-NC-FLAG, AGS-FKBP14-FLAG,

SGC7901-si-NC, SGC7901-si-FKBP14 was analyzed using

a lysis buffer. The antibodies against FLAG, FKBP14, and

β-actinwere acquired fromBioss antibodies (Beijing, China).

Cell Proliferation Assay
Cell proliferation was assessed using Cell Counting Kit-8

(CCK-8: Beyotime) as per the manufacturer’s directions.

Cells were first digested and counted. The cell suspension

(200 μL/well) was prepared according to the counting

conditions and inoculum size (5000/well). For inoculation

and culture, the prepared cell suspension was inoculated

into a 96-well plate, and the plate was pre-cultured (37°C,

5% CO2) for 4 hrs, 24 hrs, 48 hrs and 72 hrs in an

incubator. Using the CCK8 detection kit, 20 μL of CCK8

solution was added to each well. Care was taken to not

generate bubbles in the pores. The culture plate was then

incubated for 2 hrs. A microplate reader was used to

measure absorbance at 450nm.

Wound Healing Assay
Cells suspensionwas prepared at a concentration of 1×106/mL,

and uniformly inoculated into a 6-well culture plate and cul-

tured in a 37° C, 5% CO2 incubator. The monolayer cells were

evenly spread on the bottom of the plate. Thereafter, the cells

were changed and treated with mitomycin (4 μg/mL) for 2 hrs

to inhibit cell division. Scratches were made along the cells
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using a 10μL pipette. The cell culture medium was aspirated

and rinsed three times in PBS to wash away the cell debris

generated by the scratch. The cells were photographed at 0hr,

6hrs, and 24hrs. The cell migration distance was calculated

using mage Pro-Plus 6.0 software.

Transwell Assay
The cell culture was rinsed with PBS and then re-

suspended with a serum-free medium. 5×104 cells were

inoculated in the upper chamber supplemented with 500

μL of complete medium in the lower chamber. The plate

was then incubated for 48 hrs. The next day, after rinsing

the cells, 0.1% crystal violet dye solution was added for 20

mins. The stained cells were observed under the micro-

scope and photographed.

Cell Apoptosis Analysis
The harvested cells were re-suspended with binding buffer.

Care was taken to ensure the number of cells per tube

remained at 1×105. 5 μL of Annexin V-APC was added to

the cells, gently vortexed, and incubated at room tempera-

ture for 15 mins. After resuspension, apoptosis was

detected using Flowjo analysis.

Pathological Specimens
All patients provided a written informed consent form

prior to the experiment. The Ethics committee of the

Sixth Affiliated hospital of Sun Yat-Sen University

approved of this investigation. At the time of tissue collec-

tion, a fraction was immediately frozen in liquid nitrogen

and stored at −80°C until ready for RNA extraction while

the other fraction was formalin-fixed, and paraffin

embedded for histopathology diagnosis and immunohisto-

chemical study.

Immunohistochemistry and

Immunohistochemical Analyses
Tissue microarrays (TMA) were used for the immunohis-

tochemistry analysis. 70 gastric cancer tissues and 10 non-

cancer gastric tissue were utilized to construct the TMA.

We excluded patients who underwent any neoadjuvant

chemotherapy or radiotherapy. We also further retrieved

clinical information for 414 gastric cancer tissues from

The Cancer Genome Atlas; the expression of FKBP14 at

mRNA level was analyzed, and a survival analysis was

performed. The detailed information on the clinical fea-

tures of all patients in this study is classified in Table 1.

Immunohistochemistry Analysis
Immunohistochemistry was performed as previously

described.9 As per the manufacturer’s protocols, we cut the

paraffin-embedded tissues at 4μm, and performed negative

controls by omitting out the primary antibody. In brief,

Paraffin was gradually removed from the tissues using

Xylene, and then rehydrated for further peroxidase (DAB)

immunohistochemistry staining. The latter was done utilizing

theDAKOEnVision System (DakoDiagnostics, Switzerland).

After the short proteolytic digestion, peroxidase was

added to the slides. The latter were then incubated overnight

with the primary antibody against FKBP14 (rabbit polyclonal

antibody, bs-16092R, Bioss, lnc. CN) at a dilution of 1: 600,

at 4°C. We then utilized a peroxidase-labeled polymer and

a substrate-chromogen to analyze FKBP14 in GC tissues.

Evaluation of Immunostaining Results
Two experienced pathologists independently scored the

immunostaining intensity. None of the pathologists knew

the clinicopathological data or clinical outcomes of the

patients. Any discrepancy was reevaluated by the consul-

tant pathologist. They evaluated the immunolabeling of

cancer cells as previously described.

In brief, the two pathologists separately scored and strati-

fied the staining intensity as follows: no dyeing (score

point = 0), mild dyeing (score point = 1), moderate dyeing

(score point = 2), and strong dyeing (score point = 3). The area

covered by the immunoreactive tumor cells was calculated as

follows: 0% (score point = 0), 1–10% (score point = 1),

11–50% (score point = 2), 51–75% (score point = 3), and

>75% (score point = 4). The ultimate immunoreactivity scores

(IRS) of each case were totaled by adding up the two obtained

scores.

Statistical Analysis
We used SPSS 23.0 (SPSS, Inc, Chicago, Illinois) to

carry out the statistical analysis. Student’s t-test was

used to assess continuous variables, whereas we used

the Chi-square test or Fisher’s exact test to correlate

categorical variables. We assessed survival time starting

from the date of surgery to the date of death due to any

cause or until the last day of follow-up. We used the

Kaplan-Meier method to perform survival analysis; cor-

relation was done using the log-rank test. We also used

the Cox proportional hazards model to assess multivariate

survival analysis. A P value less than 0.05 was deemed

as statistically significant.
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Results
Expression of FKBP14 in Gastric Cancer

Cells
We used the SGC7901 and the AGS cell line to assess the

role of FKBP14 in GC. FKBP14 was highly expressed in

SGC7901 and had a relatively low expression in AGS

cells. Therefore, the SGC7901 cell line was used for

knockdown experiments whereas the AGS cell line was

employed for over-expression experiments owing to the

relatively poor expression (Figure 1A).

Over-Expression of FKBP14 Intensifies

Cell Growth in GC
To assess whether FKBP14 over-expression advocates cell

growth in GC, we infected the AGS cell line with an over-

expression plasmid (AGS-PLV.O-FLAG) (Figure 1B)

FKBP14 over-expression was confirmed by qPCR

(Figure 1C) and Western blot analysis (Figure 1D and E).

CCK-8 assay (Figure 2A), transwell assay (Figure 2B),

wound healing assay (Figure 2C) showed that FKBP14 has-

tened the cell growth rates and slows down the rate of

apoptosis in AGS-PLV.O-FLAG-FKBP14 cells (Figure 2D).

Knock-Down of FKBP14 in SGC7901

Cells
A stable cell line silencing FKBP14 (SGC7901-SI-FKBP14

-002) was generated in the SGC-7901 cell line using anti-

FKBP14 antibodies. Western blot was used to confirm

FKBP14 was knocked down from the cell line (Figure 3A).

The rate of proliferation, invasion, and apoptosis were inves-

tigated to assess the effect of FKBP14 knockdown in GC.

Our results showed that FKBP14 knockdown effectively

slowed down cell growth (Figure 3B and C), and increases

apoptosis relative to control cells (Figure 3D). These findings

collectively suggested that FKBP14 knock-down signifi-

cantly inhibits cell proliferation of GC cells.

Table 1 Correlation of FKBP14 Expression with Clinicopathological Characteristics in Patients with Gastric Cancer (*P<0.05)

Clinical Features TMA TCGA

Case Low, n (%) High, n (%) P Case Mean P

Tissue type

Cancer 70 41(58.6) 29(41.4) 0.340 – – –

Non-cancer 10 8(80.0) 2(20.0)

Age

≤65 65 39(60.0) 26(40.0) 0.854 184 207.04±111.45 0.996

>65 15 10(66.7) 5(33.3) 225 207.09±89.4

Gender

Male 62 39(62.9) 23(37.1) 0.773 267 209.10±97.31 0.655

Female 18 10(55.6) 8(44.4) 147 204.38±105.30

Tumor stage

T1-T2 19 13(68.4) 6(31.6) 0.4154 109 193.10±98.33 0.110

T3-T4 51 28(54.9) 23(45.1) 296 210.84±99.51

Lymph node metastasis

N0-N1 49 33(67.3) 16(32.7) 0.016* 234 198.01±89.11 0.036*

N2-N4 19 6(31.6) 13(68.4) 161 220.46±112.81

Distant metastasis

M0 69 41(59.4) 28(40.6) 0.861 367 207.24±101.01 0.786

M1 1 0(0.0) 1(100.0) 27 201.90±97.63

Neoplasm Histologic Grade

G1-G2 26 20(76.9) 6(23.1) 0.021* 159 187.45±84.87 0.001*

G3-G4 38 17(44.7) 21(55.3) 246 218.94±106.13

Neoplasm Disease Stage

Stage I-Stage II 32 23(71.9) 9(28.1) 0.067 179 195.45±88.32 0.031*

Stage III-Stage IV 38 18(47.4) 20(52.6) 210 217.13±108.64
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Figure 1 (A): The relative expression of FKBP14 was investigated in several cell lines; **P < 0.05, *** P < 0.001.We selected the AGS cell line for over-expression analysis and the

SGC-7901 for knock-down analysis. (B):1) Using AGS-NC-FLAG as a control, we observe that AGS-FKBP14-FLAG has a very significant overexpression effect (>100%); (C1, C2):
qPCR confirmed the over-expression of FKBP14 in the plasmid (D, E): Western blot further confirmed the over-expression of FKBP14 in the plasmid; ***P < 0.01.
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Figure 2 (A) At 4hrs, there was no significant difference in OD values between the two groups, P>0.05. Statistical significance was observed at 24hrs and 48hrs; the OD

value of AGS-PLV.O-FLAG-FKBP14 in the experimental group was higher than that in the control group; * P<0.05. Further statistical significance was observed at 72hrs,

whereby the OD value of the experimental group AGS-PLV.O-FLAG-FKBP14 was higher than that of the control group AGS-PLV.O-FLAG; **P<0.001. (B) Compared with

the control group, the invasive rate of AGS cells was significantly increased after overexpression of FKBP14; **P < 0.001. (C) At 6hrs, compared with the control group, the

experimental group AGS-PLV.O-FLAG-FKBP14 had a higher mobility rate; *P<0.05. At 24 h, there was no significant difference between the two groups. (D) There was

a significant decrease in the rate of apoptosis for the AGS cell line after over-expression with FKBP14; *P < 0.05.
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Figure 3 (A): A significant knock-down effect was observed in the SGC7901-si-FKBP14-002 and the SGC7901-si-FKBP14-003 cell line. (B): Compared with the control

group (SGC7901-si-FKBP14-NC), the mRNA expression level of FKBP14 in the inhibition group (SGC7901-si-FKBP14-001, SGC7901-si-FKBP14-002, SGC7901-si-FKBP14

-003) was significantly decreased; **P<0.05. (C): At 24hrs and 48hrs, respectively, the mobility of the experimental group SGC7901-si-FKBP14-002 was lower than that of

the control group; **P<0.01. (D): Apoptosis in the SGC7901 cell line was increased after inhibition of FKBP14; *P<0.05.
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FKBP14 Protein Is Up-Regulated in

Human Gastric Cancer Tissues
FKBP14 protein expression was first detected in Tissuemicro-

arrays (TMA) (Table 1) using immunohistochemistry

(Figure 4A). FKBP14 immunostainings occurred more

strongly in the cytoplasm of gastric cancer tissues

(Figure 4C–F). We also observe that an overexpression of

FKBP14 protein was significantly associated with lymph

node metastasis (P =0.016) (Figure 4B1), and neoplasm histo-

logic Grade (P=0.021) (Figure 4B2). However, high FKBP14

levels were not associated with tissue type, age, gender, tumor

stage, distant metastasis, TNM Stage (all P > 0.05) (Table 1).

Increased Expression of FKBP14 Is

Associated with Lymph Node Metastasis,

TNM Stage and Histologic Grade of

Gastric Cancer Tissues in TCGA

Database
An open database (The Cancer Genome Atlas database) was

used to confirm our results. In this database, we analyzed the

Figure 4 (A): The tissue micro-array (B): An overexpression of FKBP14 protein was significantly associated with lymph node metastasis; *P < 0.05, and neoplasm histologic

Grade; *P < 0.05. (C–F): FKBP14 immunostainings occur more strongly in the cytoplasm of gastric cancer tissues.
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sequencing data of 414 gastric cancer tissues. Similar to our

results, FKBP14was upregulated upon lymph nodemetastasis

(N2, N3, or N4) (P = 0.036) and when the histological grade

was G3 or G4 (0.001). However, unlike our results, statistical

significance was also observed for patients in TNM Stage III-

IV in the TCGA database (0.031).

FKBP14 Is an Independent Prognostic

Factor in Gastric Cancer
The effect of FKBP14 expression status on overall survival

(OS) was assessed. Kaplan-Meier survival curves showed that

a high expression of FKBP14 expression was significantly

correlated to poor survival (P = 0.028) (Figure 5).

Multivariate analysis using Cox proportional hazards model

revealed that high FKBP14 expression was independent of

lymph node metastasis (0.006) and of TNM disease stage

(<0.001) (Table 2).

Discussion
The low survival rate of GC is attributed to the following

factors: (1) inadequate diagnostic tools for early detection

and progression of GC; (2) unsuitable prognostic indicators;

(3) low efficacy of current treatment modalities (including

surgery and chemotherapy) in advanced GC; (4) lack of

understanding in treatment resistance and tumor progres-

sion. All these issues can be fixed upon the development of

adequate tools which can both diagnose and monitor GC to

improve the clinical outcome of patients.

Herein, we initially observe that FKBP14 can effec-

tively speed up cell growth and slow down apoptosis in the

GC, which is in accordance with the study performed by

Wang et al.10 Using the SGC7901 cell line, we observe

that KBP14 knockdown significantly inhibits cell prolif-

eration of GC cells. Most patients die of GC as the disease

has already metastasized at the time of presentation. Cell

invasion is a significant feature associated with cancer

metastasis. One way through which cancer cells can form

new tumors is through cell adhesion. Herein, we observe

that FKBP14 can hasten cell growth and slows down

apoptosis. Silencing of FKBP14 effectively suppressed

Figure 5 The Kaplan-Meier survival curve from the 70 gastric cancer patients used

in this study shows a high expression of FKBP14 expression is significantly corre-

lated to poor survival (P < 0.05).

Table 2 Prognostic Value of FKBP14 Expression for Survival Rate by Cox Proportional Hazards Model (*P <0.05; **P<0.01;

***P<0.0001)

Variable Survival Rate

HR (95% CI) P

Univariate analysis

FKBP14 1.002(1.000–1.003) 0.005**

Age (≤65 vs >65) 1.589(1.151 −2.193) 0.005**

Gender (Male vs Female) 0.818(0.585–1.145) 0.242

Tumor stage (T1-T2 vs T3-T4) 1.822(1.213–2.737) 0.004**

Lymph node metastasis (N0-N1 vs N2-N4) 1.628(1.185–2.236) 0.003**

Distant metastasis (M0 vs M1) 2.354(1.379–4.020) 0.002**

Neoplasm Histologic Grade (G1-G2 vs G3-G4) 1.441(1.031–2.015 0.033

Neoplasm Disease Stage (Stage I-Stage II vs Stage III-Stage IV) 1.979(1.402–2.792) <0.001***

Multivariate analysis

FKBP14 vs 1.002(1.000–1.003) 0.032*

Lymph node metastasis 1.569(1.139–2.160) 0.006**

FKBP14 vs 1.002(1.000–1.003) 0.039*

Neoplasm Disease Stage 1.914(1.354–2.706) <0.001***
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the adhesion and invasion of GC cells. These results

illustrate that FKBP14 is associated with GC metastasis.

By conducting Kaplan-Meier survival curves, we

observe that a high FKBP14 expression is significantly

associated with unfavourable survival. Univariate and

multivariate analyses further confirm that FKBP14 is an

independent predictor of lymph node metastasis and TNM

stage, and that it may serve as a predictive biomarker of

patient prognosis. Subgroup analyses further revealed that

patients with a high expression of FKBP14 were signifi-

cantly correlated with lymph node metastasis (P =0.016),

and an advanced histologic grade (P =0.021). However,

unlike the results of The Cancer Genome Atlas database,

an overexpression of FKBP14 was not associated with an

advanced TNM stage in the Chinese population.

Various genetic and epigenetic mutations are responsible

for oncogenesis and cancer progression. Recently, there has

been a strong association between FKBPs and cancer. This is

mainly due to the increased activity of mammalian target of

rapamycin (mTOR) by FKBPs, particularly in cells with no

functional PTEN.11 Favorable management of cancer using

immunosuppressants FK 506 and rapamycin highlights the

likelihood of targeting FKBPs in cancer treatment.12 In leu-

kemia, inhibition of FKBP51 has been shown to promote

drug-induced apoptosis.13 Few reports have showed that

FKBP14 is mutated in several malignancies. In ovarian can-

cer, knockdown of FKBP14-inhibited cell growth.7 In osteo-

sarcoma, an increased expression of FKBP14 was correlated

with metastasis and tumor stage.8 In vitro experiments

showed that an under-expression of FKBP14 weakened cell

invasion and inhibited the expression level of PCNA, CDK1,

and CCNB1.14

This study is, to our knowledge, the first to investigate

the expression level and effects of knocking down

FKBP14 in the SGC7901 cell line, as well as correlate

the clinicopathological factors and prognosis of FKBP14

in GC. Since FKBP14 is strongly associated with lymph

node metastasis and TNM stage, our study implicates

FKBP14 can be used to monitor disease progression.

Few limitations need to be noted in our study. We did

not investigate the signaling pathway of FKBP14 in GC.

Also, we did not analyze any association between FKBP14

and chemoresistance. Further studies should address these

issues.

Conclusion
Our study suggests patients exhibiting an overexpression of

FKBP14 in GC promotes cell proliferation and migration.

Moreover, high expressions of FKBP14 in GC are correlated

with poor clinicopathological factors of GC and forecast

a low OS for patients with advanced GC. Our results suggest

overexpression of FKBP14 inGC is a potential biomarker for

GC diagnosis, invasion, and prognosis.

Abbreviations
GC, Gastric cancer; OS, Overall Survival; IRS,

Immunoreactivity scores; TMA, Tissue micro-arrays; TCGA,

The Cancer Genome Atlas database.
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