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Purpose: FK506-binding proteins 14 (FKBP14), a highly conserved protein, is identified as

an oncogene in certain human tumors. However, the detailed biological function of FKBP14

in colon carcinoma remains unclear. The purpose of the present research is to examine the

role of FKBP14 in human colon carcinoma cells.

Methods: In the present study, FKBP14 induced silencing and overexpression in colon

carcinoma cells by using RNA interference (RNAi) and lentiviral vector, respectively. A

specific JAK/STAT inhibitor AG490 was used to explore the relationship between FKBP14

and STAT3 in colon carcinoma cells. Moreover, quantitative real-time polymerase chain

reaction (qRT-PCR) and Western blot were used to examine the level of FKBP14 in colon

carcinoma cells. Cell counting kit-8 (CCK-8) assay was used to determine the proliferation

rate of colon carcinoma cells. Further, the migration rate of colon carcinoma cells was

analyzed by performing a migration assay.

Results: Our results demonstrated that FKBP14 was upregulated in human colon carcinoma

tissues. Moreover, high level of FKBP14 was associated with poor prognosis of colon

carcinoma patients. Further, our findings firstly elucidated that FKBP14 was a pro-prolifera-

tion and migration factor in colon carcinoma cells. More importantly, FKBP14 might be a

novel component in IL-6/JAK/STAT3 pathway and targeted STAT3 in colon carcinoma cells.

Conclusion: Our research not only indicated the potential signaling pathway of FKBP14 in

colon carcinoma cells but also provided novel insight into the treatment for colon

carcinoma.
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Introduction
Colon carcinoma is one of the common tumors all over the world, which has ranked

the third place in death-related cancers.1 Although the traditional methods (such as

surgical operation and chemotherapy) partly contribute to its treatment, the overall

survival rate is still limited within 5 years.2 Due to the high morbidity and mortality,

much attention has been paid to investigate the novel therapy in colon carcinoma

treatment. However, the molecule pathogenesis of colon carcinoma is far from

being fully understood.

FK506-binding proteins (FKBP) are multifunctional proteins that are highly

conserved across the species, which play a key role in immunosuppression and

cancer biology.3 Moreover, FKBP family members are identified as promising new

biomarkers for cancer.4 FK506-binding protein 14 (FKBP14), a member of FKBP,
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is identified as an oncogene in certain human tumors.5 A

previous report has elucidated that FKBP14 overexpres-

sion promotes the growth of osteosarcoma cells.6

Moreover, FKBP14 silencing has reduced the prolifera-

tion, adhesion and invasion of gastric and ovarian cancer

cells, respectively.7,8 Nevertheless, the biological role of

FKBP14 is still unclear in colon carcinoma cells.

The signal transducer and activator of transcription 3

(STAT3) is a critical transcription factor, which is acti-

vated downstream of the gp130 receptor.9 It has been

reported that knockdown of STAT3 suppresses angiogen-

esis in colon carcinoma.10,11 Moreover, STAT3 pathway is

closely associated with the apoptosis and metastasis of

colon carcinoma cells.12–14 Growing evidence have

demonstrated that IL-6/STAT3 pathway is a potential ther-

apeutic strategy in treating human cancers, including col-

orectal cancer,15 gastric cancer16 and liver cancer17

Targeting IL-6/STAT3 has provided therapeutic benefit

for human cancers.18 However, the detailed molecule net-

work of STAT3 is not clear in colon carcinoma cells.

The matrix metalloproteinases 2 (MMP2) belongs to the

MMPs family, which plays a key role in the regulation of cell

proliferation, migration, and differentiation.19–21 A previous

report has demonstrated that MMP2 promotes the growth

and invasion of colon carcinoma cells.22Moreover, MMP2 is

the downstream factor of STAT3 in esophageal squamous

cells.23 However, the precise connection betweenMMP2 and

STAT3 remains unclear in colon carcinoma cells.

To further analyze the function of FKBP14 in colon

carcinoma cells, we induced silencing and overexpression

of FKBP14 in colon carcinoma cells by using RNA inter-

ference (RNAi) and lentiviral vector, respectively. Our

research not only enhanced the understanding of

FKBP14 but also indicated its potential signaling pathway

in colon carcinoma cells. Importantly, this investigation

provided novel insight into the treatment for human

colon carcinoma.

Methods
Tissue Specimens And Cell Culture
Human colon carcinoma and non-cancerous samples

(n=38) were supported by Taizhou Hospital of Zhejiang

Province, China. Moreover, the colon carcinoma cell lines

used in this study were purchased from the cell bank of the

Shanghai Biology Institute (Shanghai, China) including

SW1116, SW480, RKO, HCT116, LOVO, HT29,

CACO2 and FHC cells were grown in DMEM (Trueline,

USA) and cultured in a 5% CO2 atmosphere at 37°C. The

JAK/STAT inhibitor AG490 (Selleck, USA) and recombi-

nant protein IL-6 (R&D, USA) were dissolved in DMSO

and used for cell culture.

Patient And Public Involvement Statement
A total of 80 colon carcinoma patients were involved in a

retrospective study. All patients were diagnosed and trea-

ted at the Taizhou Hospital of Zhejiang Province between

(Zhejiang, China) between May 2007 and April 2008.

There were 43 men and 37 women enrolled in the present

study, age ranging from 33 to 71 years. The patients were

followed up every 3 months after curative resection by an

experienced nurse on clinic or by telephone interview. All

patients provided written informed consent. Our research

was approved by the independent Ethics Committee of

Taizhou Hospital of Zhejiang Province and was in accor-

dance with the Declaration of Helsinki.

RNA Isolation And Real-Time PCR
TRIzol Reagent (Invitrogen, USA) was used to extract

total RNA. Then, RNA was reverse transcribed into com-

plementary DNA (cDNA) by using the cDNA synthesis kit

(Fermentas, Canada). The level of the target gene was

normalized by the GAPDH, and relative gene expression

was calculated by using the 2−ΔΔCt method. Three repli-

cates were needed for each analysis. Primers that were

used in this study are provided in Supplementary File 1.

Lentiviral-Mediated RNA Interference

And Overexpression Of FKBP14
Three short interference RNA (siRNA) that target human

gene FKBP14 (NM_017946.3) were synthesized (Major,

Shanghai, China). Then, all of them were transfected into

RKO and HCT116 cells, respectively. Moreover, the full-

length of human FKBP14 cDNA was inserted into the

lentiviral vector (pLVX-puro) and the recombined vector

was transiently transfected into LOVO cells by using

Lipofectamine 2000 (Invitrogen, USA). Analyses were

conducted at 48 h after the transfection. The sequence of

siFKBP14s was provided in Supplementary Table 1.

Western Blot
Protein was extracted by using RIPA lysis buffer (JRDUN,

Shanghai, China) from different samples as indicated with

an EDTA-free protease inhibitor cocktail (Roche,

Germany) and quantified by an Enhanced BCA protein
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assay kit (Thermo Fisher, USA). Equal amounts of protein

(25 μg) were separated by using 10% SDS-PAGE system,

transferred onto a nitrocellulose membrane (Millipore,

USA) and blotted with the primary antibodies followed

by the secondary antibody, respectively. The target protein

bands were scanned by an enhanced chemiluminescence

system (Tanon, China). Each examination was tested in

triplicate, and GAPDH was served as the internal refer-

ence. Primary antibodies that were used in this study are

provided in Supplementary Table 2.

Cell Proliferation Assay
Cell counting kit-8 (CCK-8) assay (SAB, USA) was uti-

lized to examine the cell proliferation profile according to

the protocol of the manufacturer. The OD450nm value was

quantified by a microplate reader (Pulangxin, China). Each

time point was tested in triplicate.

Migration Assay
Briefly, each indicated siFKBP14 or oeFKBP14 cell was

serum starved for 24 hrs followed by seeded in the upper

chamber, while the medium supplemented with 30% fetal

bovine serum (GIBCO, USA) was placed in the lower

chamber. Cells on the upper side of the filters were

removed. Then, the remaining cells were fixed in 4%

formaldehyde and stained with 0.01% crystal violet

(Solarbio, China) after 24 hrs of incubation. Then, the

lower surface cells were stained with crystal violet and

counted under a microscope, magnification, 200× (Caikon,

China). All the procedures were maintained in Boyden

chambers (Costar, China).

Immunohistochemistry (IHC)
The paraffin-embedded chordoma and adjacent matched

tissues were cut into 3 μm slices. Then, the slices were

deparaffinized in xylene and subsequently rehydrated in a

series of graded alcohol dilutions. After that, antigen

retrieval was performed through high pressure in sodium

citrate solution (0.01 M) for 15 mins. The slices were

incubated in H2O2 (3%) solution to block the activity of

endogenous peroxidase. Next, all samples were incubated

with rabbit antibody to human FKBP14 antibody (Ab

251703, abcam, UK) overnight at 4°C. Slides were then

incubated with HRP at room temperature for 30 mins.

Then, all samples were stained by using DAB and re-

stained by hematoxylin for 3 mins. The images (magnifi-

cation: 200 x) were collected by using the microscope

(ECLIPSE Ni, NIKON, Japan) and analyzed by the

micro-image analysis system (DS-Ri2, NIKON, Japan).

The positive area of FKBP14 was determined by the

average value from six regions of different tissues.

Statistical Analysis
Statistical analyses were performed with GraphPad Prism

software Version 7.0 (CA, USA). Experimental results

were expressed as the mean ± SD of at least three samples.

Statistical significance was determined by one-way

ANOVA for multiple comparisons. P value less than

0.05 was considered significant.

Results
FKBP14 Was Upregulated In Human

Colon Carcinoma Tissues
A total of 327 FKBP14 expression profiles were collected

from The Cancer Genome Atlas (TCGA) colon carcinoma

dataset, including 41 normal tissues and 286 tumor tissues.

Our results suggested that the mRNA level of FKBP14 was

upregulated in colon carcinoma tumors than that of normal

tissues (Figure 1A). Meanwhile, Kaplan-Meier survival

curves indicated overexpression of FKBP14 was associated

with poor overall survival of colon carcinoma patients

(Figure 1B). Data could be recalled at the following website:

http://ualcan.path.uab.edu/cgi-bin/TCGA-survival 1.pl? gen-

enam =FKBP14&ctype=COAD. Moreover, we also exam-

ined the mRNA level of FKBP14 in 30 pairs of colon

carcinoma tissues and para-cancerous samples. As shown

in Figure 1C, the relative mRNA level of FKBP14 was

upregulated in colon carcinoma tumors than that in normal

tissues. Further, results from the immunohistochemistry

assay indicated that the protein level of FKBP14 was much

higher in colon carcinoma tissues, especially in certain sam-

ples (Figure 1D). Overall, these results suggested the expres-

sion of FKBP14 showed heterogeneity in different human

colon carcinoma tissues.

Knockdown And Overexpression Of

FKBP14 In Colon Carcinoma Cells
To further assess the function of FKBP14, FKBP14 induced

silencing and overexpression in colon carcinoma cells, respec-

tively. First, we examined the relative mRNA and protein level

of FKBP14 in 8 colon carcinoma cell lines, including

SW1116, SW480, RKO, HCT116, LOVO, HT29, CACO2

and FHC. As presented in Figure 2A and B, the relative

mRNA and protein levels of FKBP14 were much higher in

RKO and HCT116 cells than that of other cells. Moreover,
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both the relative mRNA and protein level of FKBP14 were

significantly downregulated in LOVO cells compared with

that in SW1116 cells. Therefore, RKO, HCT116 and LOVO

cells were chosen for the following analyses.

For silencing FKBP14, three short interference RNAs

(siRNAs) that targeting human gene FKBP14 (siFKBP14-1,

siFKBP14-2 and siFKBP14-3) and a non-specific scrambled

siRNA (siNC) were synthesized. Then, all of them were

Figure 1 FKBP14 was upregulated in colon carcinoma tissues. (A) FKBP14 expression was significantly increased in human colon carcinoma tissues (n =286) compared with

that of adjacent-matched normal tissues (n =41). Data were collected from the TCGA colon carcinoma dataset, ***p < 0.001 vs Normal. (B) High level of FKBP14 was

associated with poor prognosis of colon carcinoma patients. (C) The mRNA expression level of FKBP14 was upregulated in colon carcinoma tissues compared with that of

matched para-cancerous samples (n=30), ***p < 0.001 vs Normal. (D) Immunohistochemistry assay was performed to quantify the protein expression of FKBP14 in colon

carcinoma tissues and matched para-cancerous samples. *p < 0.05 vs Normal, ***p < 0.001 vs Normal.

Figure 2 Knockdown and overexpression of FKBP14 in colon carcinoma cells.A andB stand for the mRNA and protein level of FKBP14 in different types of colon carcinoma cell

lines, respectively, *p < 0.05 vs SW1116, **p < 0.01 vs SW1116, ***p < 0.001 vs SW1116.C andD stand for themRNA and protein level of FKBP14 by siRNAs in RKO andHCT116

cells, ***p < 0.001 vs siNC. E and F stand for the mRNA and protein level of FKBP14 by oeFKBP14 in LOVO cells, respectively, ***p < 0.001 vs siNC.
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transfected into RKO or HCT116 cells, respectively. The

untreated cells were treated as a blank control (BLANK). As

shown in Figure 2C and D, all FKBP14 siRNAs were well

functioned and strongly reduced the expression of endogenous

FKBP14 in colon carcinoma cells. Further, the level of

FKBP14 was lower in RNAi1-1 or RNAi1-2 transfected

cells than that in RNAi1-3 transfected cells.

For overexpression assay, the full length of FKBP14

cDNA was inserted into the lentiviral vector. Then, the

recombine vector was transfected into LOVO cells for over-

expressing FKBP14 (oeFKBP14). Meanwhile, a mock plas-

mid was served as a negative control (oeNC). Both the

mRNA and protein level of FKBP14 were remarkably upre-

gulated in oeFKBP14-transfected cells (Figure 2E and F).

Therefore, RNAi1-1-, RNAi1-2- and oeFKBP14-transfected

cells were chosen in the following analysis.

FKBP14 Silencing Suppressed The

Proliferation And Migration Of Colon

Carcinoma Cells
CCK-8 assay was performed to quantify the proliferation rate

of different transfected cells as indicated. As shown in

Figure 3A and B, the proliferation rate showed no significant

difference between BLANK and siNC cells. However, the

proliferation of siFKBP14 transfected cells was deeply

decreased compared with that in siNC-transfected cells.

Therefore, these results suggested that FKBP14 was a pro-

proliferation regulator in colon carcinoma cells. Moreover,

knockdown of FKBP14 significantly reduced the migration

rate of colon carcinoma cells (Figure 3C). Therefore,

FKBP14 promoted the migration of colon carcinoma cells.

Then,Western blotwas used to examine the protein content

of STAT3, the phosphorylation of STAT3 (p-STAT3) and

MMP2 in siFKBP14 transfected cells. As presented in

Figure 3D and E, knockdown of FKBP14 significantly inhib-

ited the expression of MMP2 in colon carcinoma cells.

Interestingly, our findings indicated that FKBP14 silencing

deeply suppressed. These results were in agreement in two

cell lines. Overall, these results indicated that FKBP14 was

positively correlated with p-STAT3 andMMP2 in colon carci-

noma cells.

The JAK-STAT Inhibitor AG490

Abolished The Function Of FKBP14 In

Colon Carcinoma Cells
To further analyze the connection between FKBP14 and

STAT3 in colon carcinoma cells, the JAK-STAT inhibitor

AG490 (50μM) was used to suppress the activity of

Figure 3 siFKBP14 suppressed the cell proliferation and migration in colon carcinoma cells. A and B stand for the cell proliferation profile by siFKBP14 in RKO and HCT116

cells, respectively. *p < 0.05 vs siNC, ***p < 0.001 vs siNC. (C) The cell migration profile of RKO and HCT116 cells transfected with siFKBP14. ***p < 0.001 vs siNC. D and

E stand for the protein level of STAT3, p-STAT3 and MMP in different transfected RKO and HCT116 cells, respectively. **p < 0.01 vs siNC, ***p < 0.001 vs siNC.
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STAT3 in oeNC or oeFKBP14-transfected cells, respec-

tively. As shown in Figure 4A, the proliferation rate of

oeFKBP14-transfected cells was much higher than that in

oeNC transfected cell, whereas this effect was deeply

abolished by the JAK-STAT inhibitor AG490. Moreover,

FKBP14 overexpression significantly promoted the migra-

tion of colon carcinoma cells. Furthermore, the JAK-STAT

inhibitor AG490 deeply inhibited the role of oeFKBP14 in

colon carcinoma cell migration (Figure 4B). Further, the

JAK-STAT inhibitor AG490 also significantly suppressed

the expression of MMP2 and p-STAT3 in oeFKBP14-

transfected cells (Figure 4C). Much importantly, both the

related protein content of FKBP14 and p-STAT3 were

significantly upregulated in colon carcinoma tissues

(n=8) than that of normal samples (Figure 4D). Taken

together, all these results demonstrated that FKBP14 was

positively correlated with the phosphorylation of STAT3.

FKBP14 might promote the proliferation and migration of

colon carcinoma cells through improving the phosphoryla-

tion of STAT3.

The Recombinant Protein Interleukin-6

Could Rescue The Function Of FKBP14

In Colon Carcinoma Cells
To investigate the relationship between FKBP14 and IL-6

in colon carcinoma cells, the human recombinant protein

IL-6 (10ng/mL) was used to culture LOVO cells. As

shown in Figure 5A and B, both the mRNA and protein

level of FKBP14 were significantly upregulated in LOVO

cells in the presence of recombinant protein IL-6.

Meanwhile, the JAK-STAT inhibitor AG490 deeply sup-

pressed the expression of FKBP14 in colon carcinoma

cells. Interestingly, the level of FKBP14 in the recombi-

nant protein IL-6 cultured cells was remarkably inhibited

in the presence of the inhibitor AG490.

Moreover, our results revealed that the recombinant

protein IL-6 increased the migration rate of siFKBP14-

transfected cells (Figure 5C). Taken together, all these

results suggested that the recombinant protein IL-6 could

rescue the function of FKBP14 in colon carcinoma cells.

Discussion
Colon carcinoma is one of the common death-related

cancer all over the world, which has high metastasis.24

Most of colon carcinoma deaths are closely associated

with the metastasis. However, the underlying mechanism

of colon carcinoma metastasis is still not clear. In this

research, we aimed to examine the role of FBKP14 in

the migration of colon carcinoma cells. It was the first

time to indicate that FKBP14 was a pro-proliferation

migration factor in colon carcinoma cells. Therefore, our

analyses indicated the potential value of FKBP14 as a

therapy target in the treatment of colon carcinoma.

Figure 4 The function of FKBP14 was suppressed by the JAK/STAT3 inhibitor AG490 in colon carcinoma cells. (A) The proliferation rate of oeFKBP14-transfected cell was

inhibited by the inhibitor AG490, *p < 0.05 vs oeNC, **p < 0.01 vs oeNC, ***p < 0.001 vs oeNC; ### p < 0.001 vs oe FKBP14. (B) The cell migration rate of oeFKBP14-

transfected cell was inhibited by AG490, ***p < 0.001 vs oeNC; ### p < 0.001 vs oe FKBP14. (C) The protein level of STAT3, p-STAT3 and MMP in oeFKBP14-transfected

cell was inhibited by AG490, ***p < 0.001 vs oeNC; ### p < 0.001 vs oe FKBP14. (D) The protein level of FKBP14 and p-STAT3 was upregulated in colon carcinoma tissues

compared with matched para-cancerous samples (n=8), T is short for tumor, N is short for Normal, **p < 0.01 vs Normal, ***p < 0.001 vs Normal.
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A previous report has demonstrated that STAT3 is a

promising biomarker for colon carcinoma diagnosing.25

Suppressing the activity of STAT3 contributes to inhibiting

the growth of colon carcinoma cells.11,26 Moreover, JAK/

STAT signaling pathway plays a critical role in the migra-

tion of breast cancer cells.27 Activating JAK/STAT3 sig-

naling pathway promotes the development of colon

carcinoma cells.28 In the present study, our results indi-

cated that the phosphorylation of STAT3 was positively

correlated with FKBP14 in colon carcinoma cells.

Therefore, FKBP14 might promote the proliferation and

migration through promoting the activity of the JAK/STAT

signaling pathway in colon carcinoma cells.

Moreover, a previous report has illustrated that STAT3

targets MMP2 in cell migration and invasion of esopha-

geal squamous carcinoma cells.23,29 In this research, our

results suggested that FKBP14 was positively correlated

with MMP2 in colon carcinoma cells. Therefore, MMP2

might involve in FKBP14/STAT3 signaling pathway in

colon carcinoma cells.

Interleukin-6 (IL-6) is a pleiotropic cytokine, which not

only plays an important role in a wide range of various

biological activities but also promotes the progression of

colon carcinoma.30 Moreover, IL-6/JAK/STAT3 pathway

has affected the proliferation and metastasis of colon car-

cinoma cells.31 In this study, our results indicated that IL-6

rescued the function of FKBP14 in colon carcinoma cells.

Therefore, FKBP14 might be the novel component in

IL-6/JAK/STAT3 signaling pathway. FKBP14 might pro-

mote the proliferation and migration of colon carcinoma

cells through regulating the IL-6/JAK/STAT3 pathway.

Conclusion
In brief, we concluded that FKBP14 was a pro-prolifera-

tion factor and positively correlated with STAT3 and

MMP2 in colon carcinoma cells. This research not only

enhanced the understanding of FKBP14 but also indicate

its potential signaling pathway in colon carcinoma cells.
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