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Abstract. FK506‑binding protein 51 (FKBP51) is a member 
of the immunophilin family, with relevant roles in multiple 
signaling pathways, tumorigenesis and chemoresistance. 
However, the function of FKBP51 in papillary thyroid 
carcinoma (PTC) remains largely unknown. In the present 
study, increased FKBP51 expression was detected in PTC 
tissues as compared with adjacent normal tissues, and the 
expression level was associated with clinical tumor, node 
and metastasis stage. Using FKBP51‑overexpressing K1 cells 
and FKBP51‑knockdown TPC‑1 cells, both human PTC cell 
lines, it was identified that FKBP51 promoted the migration 
and invasion of PTC, without affecting cell proliferation. 
Further investigation revealed that FKBP51 activated the 
NF‑κB pathway and epithelial‑to‑mesenchymal transition 
(EMT) genes, and EMT was suppressed when NF‑κB was 
inhibited. It was also assessed whether FKBP51 promoted the 
formation of cytoskeleton to promote migration and invasion 
of PTC using a tubulin tracker; however, no evidence of such 
an effect was observed. These results suggested that FKBP51 
promotes migration and invasion through NF‑κB‑dependent 
EMT.

Introduction

FK506‑binding proteins (FKBPs) belong to the family of 
immunophilins, which may bind to immunosuppressant 
drugs (1). It contains a 3‑unit tetratricopeptide repeat structural 
motif connected to a domain that mediates enzymatic function 

and peptidyl prolyl isomerase activity. FKBP51 interacts with 
glucocorticoid, androgen, estrogen, progestin and mineralo-
corticoid receptors (2‑7) through a number of components 
of the molecular chaperone machinery, including heat shock 
protein 90. FKBP51 has been identified to be upregulated or 
downregulated in multiple types of cancer and to be associated 
with cell motility and invasion, for instance, Leach et al (8) 
identified that FKBP51 is increased in prostate cancer cells 
compared with normal prostate epithelial cells and improves 
the ability of stromal androgen receptor to predict prostate 
cancer‑specific mortality. Hou et al (9) reported that low levels 
of FKBP51 promote pancreatic tumor growth. FKBP51 may 
promote cancer, including melanoma, through the nuclear 
factor (NF)‑κB pathway (10,11) and suppress cancer through 
the phosphatidylinositol‑4,5‑bisphosphate 3 kinase/protein 
kinase B (AKT) signaling pathway (12,13). It has been demon-
strated that the activation of NF‑κB contributes to growth (14) 
and aggressiveness of papillary thyroid carcinoma, and lymph 
node metastases in papillary thyroid carcinoma (PTC) are 
significantly correlated with NF‑κB levels  (15). Recently, 
studies have demonstrated that FKBP51 serves an important 
role in epithelial‑mesenchymal transition (EMT)  (16‑18). 
EMT refers to the biological process by which epithelial 
cells are transformed into mesenchymal phenotype cells by 
certain procedures. In this procedure, expression of epithelial 
cell characteristic proteins, including adhesion molecule 
E‑cadherin, decreased and cytokeratin cytoskeleton changed 
into vimentin skeleton (19). In colorectal carcinoma, Rotoli 
D was determined to have increased microvessel density 
and tumor‑associated macrophages in connective tissue 
surrounding FKBP51 positive lesions (16).

The morbidity rate of PTC is increasing worldwide (20,21). 
Surgery is the primary treatment for PTC. The prevalence of 
PTC is nearly 3 times higher in females than in males (22). 
This sex difference suggests that growth and progression of 
PTC may be influenced by female sex hormones, and it has 
been demonstrated that estrogen and progesterone receptors 
are more strongly expressed in thyroid hyperplasia diseases 
than in normal thyroid tissue (23).
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As FKBP51 regulates the activity of sex‑hormone recep-
tors and correlates with a number of types of cancer, and PTC 
may be a sex hormone‑associated cancer, in the present study, 
the function of FKBP51 in PTC was investigated.

Materials and methods

Materials. The human PTC cell lines K1 and TPC‑1 
were purchased from the Cell Bank of the Chinese 
Academy of Sciences (Shanghai, China). RPMI‑1640, 
Dulbecco's modified Eagle's medium and fetal bovine 
serum (FBS) were purchased from Invitrogen (Thermo 
Fisher Scientific, Inc., Waltham, MA, USA). Anti‑FKBP51 
(ab46002) used in immunohistochemistry (IHC), anti‑IκBα 
(ab32518), anti‑N‑cadherin (ab76011), anti‑Vimentin 
(ab92547), anti‑β‑catenin (ab32572) and anti‑MMP9 
(ab76003) were purchased from Abcam (Cambridge, UK). 
Anti‑p65 (sc‑8008), anti‑FKBP51 (sc‑13983), anti‑GAPDH 
(sc‑47724), anti‑α‑tubulin (sc‑53646), secondary antibody 
anti‑mouse IgG‑horseradish peroxidase (HRP; sc‑516102) 
and anti‑rabbit IgG‑HRP (sc‑2372) used in western blot-
ting were purchased from Santa Cruz Biotechnology, Inc. 
(Dallas, TX, USA). Anti‑TGF‑β1 (3709) and anti‑histone 
3 (12164) was purchased from Cell Signaling Technology 
(Danvers, MA, USA). Ammonium pyrrolidine dithiocarba-
mate (PDTC; T3147) was purchased from Target Molecule 
Corp. (Wellesley Hills, MA, USA).

IHC. IHC was used to detect expression of FKBP51. 
Thyroid tissue microarrays including 31 PTC tissues and 
41 adjacent normal tissues were purchased from Shanxi 
Alena Biotechnology (Shanxi, China). Following staining 
with the Elivision™ plus kit (cat. no. 9902; Maxim Biotech, 
Inc., Rockville, MD, USA), according to the manufacturer's 
protocols, the specimens were incubated overnight with 
primary antibody (anti‑FKBP51; 1:50 dilution) at 4˚C, 
and washed with 0.1% Tween‑20 PBS for 5 min 3 times. 
Subsequently, polymer enhancer (Elivision™ plus kit), 
which assists horse radish peroxidase‑anti‑rabbit polymer 
(Elivision™ plus kit) to combine with primary antibodies, 
was added and incubated for 20  min at room tempera-
ture, and then wash with 0.1% Tween‑20 PBS for 5 min 
3 times. Following this, the horse radish peroxidase‑labeled 
anti‑rabbit polymer (Elivision™ plus kit) was added and 
incubated at room temperature for 30 min, and then washed 
with 0.1% Tween‑20 PBS for 5 min 3 times. Additionally, 
the specimens were stained with diaminobenzidine solu-
tion (DAB‑0031/1031; Maxim Biotech, Inc.) for 5 min at 
room temperature, and distilled water was used to rinse the 
specimens and stop the coloration.

The expression of FKBP51 was scored by two professional 
pathologists as follows: 1+, 1‑25% of positive tumor cells; 
2+, 25‑50%; 3+, 50‑74%; and 4+, ≥75%. 0, negative staining; 
1+, light brown; 2+, brown; 3+, dark brown. The total score was 
between 0‑12 and was calculated as the positive percentage 
score multiplied by the intensity score. FKBP51 expression 
levels were ranked into four grades according to the total 
score: 0, ‑; 1‑4, +; 5‑8, ++; 9‑12, +++.

The clinical stage of papillary thyroid carcinoma was 
guided by American Joint Committee on Cancer (24).

Lentivirus and plasmid transfection. The human FKBP51 
gene sequence was retrieved from the NCBI gene bank 
(https://www.ncbi.nlm.nih.gov/nuccore/U71321.1) and restric-
tion enzymes were used to cut appropriate sequences as the 
target gene and amplified through polymerase chain reaction 
[The target gene from chemical synthesis was denatured into 
a single strand at a high temperature ~95˚C, and the single 
nucleotide was combined into the target gene from the 3' end 
of the primer (FKBP51: Sense, 5'‑AAA​AGG​CCA​AGG​AGC​
ACA​AC‑3' and antisense 5'‑TTG​AGG​AGG​GGC​CGA​194​
GTT​C‑3') to synthesize a new complementary strand of DNA 
with a heat‑resistant DNA polymerase (Takara Bio, Inc., Otsu, 
Japan). The full thermocycling conditions can be simplified 
into the following steps: Pre‑denaturation (95˚C for 30 sec), 
reaction cycles (95˚C for 5 sec and 60˚C for 30 sec), melting 
(95˚C for 5 sec and 60˚C for 1 min) and cooling (50˚C for 
30 sec). Subsequently, the FKBP51 cDNA was cloned into 
the GV303 lentiviral expression vector. All this process was 
conducted by Shanghai GeneChem (Shanghai GeneChem, Co., 
Ltd., Shanghai, China). Plasmids encoding human FKBP51 
shRNA (SC‑35380‑SH) and scramble shRNA were purchased 
from Santa Cruz Biotechnology, Inc. K1 cells were seeded in 
a 96‑well plate (5x103 cells/well) overnight. Then, the cells 
were infected with 1x106 units of the recombinant lentiviral 
vector carrying wild‑type human FKBP51 (concentration, 
2x108 U/ml) or randomized flanking sequences (concentration, 
1x109 U/ml) as a control under the condition of the Polybrene 
(5 µg/ml) as the transfection reagent (Shanghai GeneChem, 
Co., Ltd.). After 8‑12 h, the virus mixture was exchanged for 
fresh RPMI‑1640 complete medium. Green fluorescent protein 
(GFP)‑positive infected cells were detected by fluorescence 
microscopy (x10) at 72 h after transfection. TPC‑1 cells were 
seeded in a 6‑well plate (2x105  cells/well). The next day, 
shR‑FKBP51 and shR‑vec plasmids were added to the cells, 
and 5‑7 h later, the mixture was changed into fresh medium 
containing 20% FBS. After 48  h, transfected cells were 
selected using puromycin (12 µg/ml). Subsequent experiments 
were performed following confirmation of the efficiency of 
infection (~72 h after infection).

Proliferation assay. FKBP51‑overexpressing or knockdown 
cells and control cells were digested with trypsin and then 
seeded into 96‑well plates (5x103 cells/well) and incubated 
at 37˚C under 5% CO2. Following incubation for 24, 48 and 
72 h, 10 µl of cell counting kit‑8 and 90 µl of RPMI‑1640 
fresh medium were added into each well. Following incuba-
tion at 37˚C in an atmosphere containing 5% CO2 for 1 h, the 
absorbance was measured at 450 nm using a SpectraMax M2 
instrument. All experiments were performed in triplicate.

Migration and invasion assays. In total, 2x105 K1 cells or 
3x104 TPC‑1 cells in serum‑free RPMI‑1640 medium were 
added into Transwell upper chambers with 8‑mm pore‑size 
membranes, and complete medium was added to the lower 
chambers. To detect cell invasion ability, membranes were 
coated with Matrigel (diluted 1:6 in 1x PBS; BD Biosciences, 
Franklin Lakes, NJ, USA). The plate was incubated at 37˚C 
in an atmosphere containing 5% CO2 for 24 h. Cells on the 
upper membrane surface were removed using cotton swabs 
and washed with 1x PBS, and the cells attached to the bottom 
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surface of the membrane were stained using crystal violet at 
room temperature for 15 min. Images (x20) were captured 
using a Nikon fluorescence microscope (Nikon Corporation, 
Tokyo, Japan).

Western blotting. Cells were harvested and total protein was 
extracted using radioimmunoprecipitation assay buffer (Thermo 
Fisher Scientific, Inc.). The protein concentration was determined 
using a bicinchoninic acid assay. A total of 30 µg of protein 
was separated via 10% SDS‑PAGE and transferred onto polyvi-
nylidene difluoride membranes (EMD Millipore, Billerica, MA, 
USA). Following blocking for 1 h with 5% nonfat milk (Yili 
Dairy Corporation Group, Co., Ltd., Hohhot, China) diluted 
with PBS, the membranes were incubated with the following 
primary antibodies at 4˚C overnight: Anti‑FKBP51 (1:1,000), 
anti‑p65 (1:250), anti‑IκBα (1:1,000), anti‑TGF‑β1 (1:1,000), 
anti‑N‑cadherin (1:1,000), Vimentin (1:1,000), anti‑β‑catenin 
(1:1,000) and anti‑MMP9 (1:1,000). Following washing three 
times with 1X TBS with Tween‑20, the membranes were 
incubated with horseradish peroxidase‑conjugated secondary 
antibodies (1:1,000) for 1 h at room temperature and then washed 
three times with 1X TBS with Tween‑20. The resulting signal 
was detected using Scion Image software version 4.03 (Scion 
Corporation, Frederick, MD, USA), and the quantity of protein 
was normalized to that of GAPDH (1:1,000), histone 3 (1:1,000), 
or α‑tubulin (1:1,000) (for normalization to total protein, nuclear 
protein, or cytoplasmic protein, respectively).

Immunofluorescence microscopy. Cells on a slide were fixed 
with 3.7% formaldehyde for 10 min and washed with PBS 
containing 0.1% Triton X‑100 twice. Tubulin‑Tracker Red 
(Beyotime Institute of Biotechnology, Haimen, China) was 
diluted 1:250 in PBS containing 5% bovine serum albumin 
(Beijing Solarbio Science & Technology Co., Ltd., Beijing, 
China) and 0.1% Triton X‑100, and the slides were incubated 
with this solution for 30 min at room temperature. The slides 
were then washed three times with PBS for 5 min each.

PDTC inhibition test. PDTC powder was dissolved in dimethyl 
sulfoxide (DMSO) as a storage solution (20 mM), and the 
working fluid concentration was 20 µM. In the Transwell 
test, 0.2 µl PDTC storage solution was added into 200 µl cell 
suspension in the upper chambers and 0.2 µl DMSO was added 
in the control group. Migrated and invaded cells were counted 
after 24 h. In the western blot assay, FKBP51‑overexpressing 
K1 cells were seeded into 6‑well plate (1x106 cells/well). The 
following day, 2 µl PDTC storage solution was added into 
2 ml fresh RPMI‑1640 medium in the plate and 2 µl DMSO 
was added in the control group. The protein of the two cell 
groups were extracted after culturing for 24 h at 37˚C in an 
atmosphere containing 5% CO2. The migration/invasion and 
western blotting assays were similar to that aforementioned, 
with the difference being whether PDTC or DMSO was added.

Statistical analysis. All results were analyzed using SPSS 
software (version 20.0; IBM Corp., Armonk, NY, USA) and 
data are presented as the mean ± standard error of at least 
three independent experiments. The differences between 
two groups were evaluated using Student's t‑test. Differences 
among multiple groups were assessed using one‑way analysis 

of variance and the Student's Newman Keuls‑q test was used 
for post‑hoc analysis. P<0.05 was considered to indicate a 
statistically significant difference.

Results

FKBP51 is highly expressed in PTC. IHC analysis revealed 
higher FKBP51 expression in PTC than in the adjacent normal 
tissues. Furthermore, the FKBP51 expression level was associ-
ated with clinical tumor, node and metastasis (TNM) stage, 
with stronger FKBP51 expression indicating poorer TNM 
stage (Fig. 1; Table I).

FKBP51 promotes migration and invasion of PTC without 
affecting cell proliferation. FKBP51‑overexpressing and 
control K1 cells were successfully constructed, alongside 
FKBP51‑knockdown and control TPC‑1 cells (Fig. 2A). To 
determine the effect of FKBP51 on PTC cell migration and 
invasion, a transwell assay was performed. Fig. 2B presents that 
FKBP51 overexpression promoted cell migration and invasion 
as compared with the control group in K1 cells. The counts 
of migrated cells were 210±61.2 and 102.0±9.1 (P<0.05), and 
those of invaded cells were 75.3±11.5 and 48.8±6.2 (P<0.05), 
in overexpressing and control cells, respectively. FKBP51 
knockdown inhibited cell migration and invasion in TPC‑1 
cells as compared with the control group. The counts of 
migrated cells were 158.5±11.4 and 50.25±7.4 (P<0.05), and 
those of invaded cells were 81.8±6.3 and 29.5±6.0 (P<0.05), 
respectively. There was no significant difference in prolifera-
tion between FKBP51‑overexpressing and control K1 cells, and 
FKBP51‑knockdown and control TPC‑1 cells (Fig. 2C).

FKBP51 regulates the NF‑κB pathway. The molecular mecha-
nism underlying the promoting effect of FKBP51 on migration 
and invasion was investigated. The results demonstrated that 
FKBP51 activated the NF‑κB pathway. The activity of the 
NF‑κB pathway was investigated at the basic level and at the 
TNF‑α‑stimulated level. Western blotting results revealed 
that both at the basic and the stimulated level, cytoplasmic 
IκBα and cytoplasmic P65 were decreased and nuclear P65 
was increased in FKBP51‑overexpressing K1 cells, while 
cytoplasmic IκBα and P65 were increased and nuclear P65 
decreased in FKBP51‑knockdown TPC‑1 cells as compared 
with the control groups (Fig. 3).

Further, the NF‑κB pathway inhibitor PDTC (20 µM) 
suppressed migration and invasion of GFP‑FKBP51 K1 
(Fig. 4A). This confirmed that FKBP51 inhibited PTC cell 
migration and invasion via the NF‑κB pathway.

FKBP51 activates NF‑κB‑dependent EMT. EMT‑associated 
protein expression was altered with FKBP51 expression level. 
TGF‑β1, β‑catenin, N‑cadherin, and MMP9 were increased in 
FKBP51‑overexpressing K1 cells, while TGF‑β1, Vimentin, 
N‑cadherin and MMP9 were decreased in FKBP51‑knockdown 
TPC‑1 cells, as presented in Fig. 4B. Subsequently, it was 
assessed whether EMT is regulated by the NF‑κB pathway. 
FKBP51‑overexpressing K1 cells were treated with PDTC 
(20 µM) for 24 h. TGF‑β1, N‑cadherin, β‑catenin and MMP9 
were decreased as compared with control group by this 
treatment (Fig. 4C).
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FKBP51 does not alter the formation of tubulin. Further, 
it was assessed whether FKBP51 promotes migra-
tion and invasion of PTC cells through promoting the 
formation of tubulin cytoskeleton, using immunofluores-
cence staining. No difference in fluorescent signal was 
observed between FKBP51‑overexpressing and control 
K1 cells, and FKBP51‑knockdown and control TPC‑1 cells 
(Fig. 5).

Discussion

PTC accounted for 60‑70% of thyroid cancer between 
1992‑2002 in Liaoning, China, mostly in adults aged 
between 20 and 50 years (25). There are numerous factors 

affecting PTC, including environmental factors and genetic 
mutations (26). However, gender is universally recognized as 
one of the risk factors since the occurrence is significantly 
higher in females than males (27). Therefore, most patient 
samples from the tissue microarray were female patients. 
PTC generally has small size and slow progression, but 
early metastasis may be identified  (28). The underlying 
molecular mechanism and associated molecular markers of 
metastasis are not clear. Upregulation and downregulation 
of FKBP51 is observed in a number of human tumors. It 
is notable that FKBP51 is associated with the development 
of a variety of hormone‑associated tumors, and previous 
studies have demonstrated that FKBP51 is overexpressed in 
androgen‑dependent prostate cancer (8,10), and decreased 

Figure 1. FK506‑binding protein 51 expression level in papillary thyroid carcinoma tissues and adjacent normal tissues (magnification, x200). Representative 
images of tissues rated (A) ‑, (B) +, (C) ++ and (D) +++.

Table I. FKBP51 expression in different patients and tissues.

	 Expression of FKBP51 
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 Cases	‑	  +	 ++	 +++	 P‑value

Group						      0.015
  PTC	 31	 14	 4	 9	 4	
  Normal	 41	 23	 15	 3	 0	
Age						      0.140
  <45	 46	 27	 11	 6	 2	
  >45	 26	 11	 7	 5	 3	
TNM						      0.023
  I	 19	 11	 4	 3	 1	
  II	 9	 2	 1	 5	 1	
  III	 2	 1	 0	 1	 0	
  IV	 1	 0	 0	 0	 1	

PTC, papillary thyroid carcinoma; FKBP51, FK506 binding protein 51.
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in estrogen‑ and progesterone‑associated breast cancer (29). 
In the present study, the expression of FKBP51 in PTC and 
its clinical significance were analyzed. It was identified that 
FKBP51 is expressed in both PTC and adjacent tissues, 
however its expression was significantly higher in cancer 
than in adjacent normal tissues. Furthermore, the FKBP51 
expression level was associated with clinical TNM stage. 
Thus, it is hypothesized that FKBP51 may be associated with 
the proliferation and metastasis of thyroid cancer.

Accumulating data have demonstrated that FKBP51 
serves important functions in tumor cell growth, apoptosis, 

and sensitivity to radiotherapy and chemotherapy  (30,31). 
Studies have demonstrated that FKBP51 may serve a 
positive function in tumor progression by activating the 
NF‑κB (32‑34) pathway, or a negative function by promoting 
the Akt pathway through the dephosphorylation of Akt Ser473 
to inhibit cell proliferation (9,35). The mechanism of FKBP51 
in promoting cancer cell migration and invasion is not clear. 
Romano et al (17) and D'Angelillo et al (18) identified that 
FKBP51 may promote the migration and invasion of mela-
noma by activating EMT‑associated genes. TGF‑β1 as the key 
inducer of EMT not only promotes tumor cell metastasis but 

Figure 2. FKBP51 promoted cell migration and invasion of papillary thyroid carcinoma cells without affecting proliferation. (A) FKBP51 overexpressing and 
control K1 cells and FKBP51 knockdown and control TPC‑1 cells. (B) The cells migration and invasive capacities were determined using a transwell assay. 
The data represent the mean ± standard deviation of at least 3 independent experiments (***P<0.001). (C) Cell counting kit‑8 analysis was used to determine 
cell proliferation difference between FKBP51‑overexpressing and the control K1 cells as well as FKBP51‑knockdown and the control TPC‑1 cells. The result 
revealed no significance (P>0.05). FKBP51, FK506 binding protein 51; GFP, green fluorescent protein; vec, vector; Con, control.
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also mediates liver cirrhosis (36) and renal tubulointerstitial 
fibrosis (37). Further, FKBP51 reportedly not only promotes 
the activation of EMT genes but also induces certain mela-
noma stem cell genes (38). Srivastava et al (39) identified that 
FKBP51 promotes the proliferation and migration of mela-
noma by mediating interleukin IL‑8. Certain researchers have 
demonstrated that FKBP51 promotes tubulin cytoskeleton 
formation through the ras homolog family member A pathway 
to promote cell invasion (40). In the present study, K1 and 
TPC‑1 cell lines were selected, which are commonly used 
in study [the K1 cell line is a GLAG‑66 derivative (41)] to 
overexpress and knockdown FKBP51 respectively. The results 
demonstrated that FKBP51 did not affect cell proliferation, 
but significantly promoted the migration and invasion of 
PTC cells. To clarify the underlying mechanism of the latter 

observation, NF‑κB pathway‑ and EMT‑associated proteins 
were evaluated. The results revealed that both the basic 
and the TNF‑α‑simulated activity of the NF‑κB pathway 
were increased in FKBP51‑overexpressing than in control 
cells. Similarly, EMT‑associated proteins were altered in 
FKBP51‑overexpressing K1 and FKBP51‑knockdown TPC‑1 
cells. Subsequently, the present study aimed to evaluate 
whether there is an association between EMT and the NF‑κB 
pathway. When the NF‑κB inhibitor PDTC was added to 
FKBP51‑overexpressing K1 cells for 24 h, TGF‑β1, N‑cadherin, 
and β‑catenin and MMP9 expression were decreased. These 
results revealed that FKBP51 promotes migration and inva-
sion through NF‑κB pathway‑dependent EMT. This result is 
consistent with previous findings, for example Ying et al (42) 
demonstrated that induced EMT was accompanied by nuclear 

Figure 3. FKBP51 regulated the NF‑κB pathway of papillary thyroid carcinoma. Western blot analysis of nuclear P65, cytoplasm P65 and IκBα in 
FKBP51‑overexpressing and control K1 cells, and FKBP51‑knockdown and control TPC‑1 cells are presented. *P<0.05; **P<0.01; ***P<0.001; ****P<0.0001. 
FKBP51, FK506 binding protein 51; GFP, green fluorescent protein; vec, vector; TNF, tumor necrosis factor; Nuc, nuclear; Cyt, cytoplasmic.
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translocation of NF‑κB in lung cancer. Lv et al (43) revealed 
that twist1 regulates EMT via the NF‑κB pathway in PTC. 

The present study also assessed whether FKBP51 is able to 
promote tubulin formation by using immunofluorescence, 

Figure 5. FK506 binding protein 51 does not alter the formation of tubulin. Immunofluorescence was used to detect the tubulin formation, and relative 
fluorescence intensity and distribution of tubulin revealed no significant difference (P>0.05). GFP, green fluorescent protein.

Figure 4. FKBP51 activated EMT through the NF‑κB pathway. (A) GFP‑FKBP51 K1 cells were treated with NF‑κB pathway inhibitor PDTC (20 µM) for 
24 h and the cells' migration and invasive capacities were determined using the transwell assay. (B) EMT‑associated proteins TGF‑β1, β‑catenin, N‑cadherin, 
MMP9 of K1 cells and TGF‑β1, Vimentin, N‑cadherin, MMP9 of TPC‑1 cells were detected by western blotting. (C) FKBP51‑overexpressing K1 cells were 
treated with NF‑κB inhibitor PDTC (20 mM) for 24 h and expression of TGF‑β1, β‑catenin, N‑cadherin and MMP9 was compared with control group was 
detected. *P<0.05; **P<0.01; ***P<0.001. FKBP51, FK506 binding protein 51; GFP, green fluorescent protein; vec, vector; MMP, matrix metalloproteinase; 
EMT, epithelial mesenchymal transition.
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however no evidence of such an effect was identified. It was 
also assessed whether FKBP51 can promote tubulin forma-
tion by using immunofluorescence, however, once again no 
evidence of such an effect was observed.

To conclude, the present study demonstrates that FKBP51 
promotes migration and invasion of PTC through the NF‑κB 
pathway and activation of EMT‑associated genes, indicating 
its diagnostic and therapeutic value.
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