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Abstract. The 52-kDa FK506-binding protein (FKBP52), a 
regulator of steroid hormone receptor signaling, is potentially 
involved in a variety of hormone-dependent cancer types. The 
present study investigated the expression and clinical implica-
tions of FKBP52 in breast cancer. Immunohistochemistry was 
performed on samples from 145 breast cancer patients and 
on 66 unmatched breast non-cancerous tissues (as controls) 
to determine the expression level of FKBP52. Publicly avail-
able microarray and RNA-seq datasets used in the present 
study were downloaded from the European Bioinformatics 
Institute ArrayExpress. Kaplan-Meier survival analysis was 
also performed. FKBP52 expression was moderately higher 
in the tumors than that in the non-cancerous tissues, but this 
difference was not statistically significant (P=0.176). However, 
available microarray datasets exhibited a significant differ-
ence in FKBP52 mRNA levels between breast tumors and 
controls. In the 145 breast cancer patients, elevated FKBP52 
expression was significantly associated with advanced 
Tumor‑Node‑Metastasis (TNM) stage (P=0.015), lymph 
node metastasis (P=0.015) and tumors with poor histological 
differentiation (P=0.047). FKBP52 expression was negatively 
associated with estrogen receptor expression (P=0.033), but 
positively associated with human epidermal growth factor 
receptor 2 expression (P=0.033). However, there was no 
association between FKBP52 and progesterone receptor 
expression. Survival analyses demonstrated that FKBP52 was 
indicative of a poor overall survival rate (P=0.026), which 

was consistent with the result of Kaplan-Meier analysis, 
exhibiting a negative association between the mRNA of 
FKBP52 and overall survival (OS) (P=0.044). Other than for 
FKBP52 [hazard ratio (HR), 2.315; 95% confidence interval 
(CI), 1.077‑4.975; P=0.032], univariate analysis revealed that 
clinical stage exhibited a significant influence on the prognosis 
of the breast cancer patients (HR, 2.148; 95% CI, 1.011‑4.566; 
P=0.047). However, multivariate analysis revealed that only 
clinical stage, not FKBP52, was an independent prognostic 
factor (HR, 2.721; 95% CI, 1.169‑6.335; P=0.020). Patients 
were further classified according to their OS. Compared with 
the controls (3.94±2.992), FKBP52 expression in breast cancer 
patients with OS of ≤3 years (5.39±3.409; P=0.042) or OS of 
≤5 years (5.88±3.473; P=0.005) was significantly increased, 
respectively. However, no significant difference in FKBP52 
expression was observed between controls and individuals 
with an OS time of >3 years (4.84±3.769; P=0.109) or >5 years 
(5.32±3.372; P=0.090). Elevated FKBP52 expression may be 
involved in tumor progression and invasion, given its posi-
tive association with TNM stage and lymph node metastasis. 
Although it is not an independent predictor, FKBP52 has 
promise as a biological marker for estimating the progression 
of breast cancer. 

Introduction

FK506-binding proteins (FKBPs), known as such as they 
bind to the immunosuppressive drug FK506, were initially 
found to be intracellular receptors of immunosuppressive 
drugs (1). FKBPs are highly conserved proteins, owing to their 
peptidylprolyl isomerase (PPIase) domains, which catalyze 
the isomerization of peptidylprolyl imide bonds (from cis to 
trans) in protein substrates (2). In view of their isomerase 
activity and the capability to interact with other proteins, more 
attention has been focused on their modulatory function in 
several signal transduction pathways in the cell. A previous 
study supported the concept that certain FKBPs serve a role in 
cancer-associated pathways (3).

The FK506-binding protein 52 gene (FKBP52), an FKBP, 
is located at chromosome 12 (12p13.33) (4) and contains 10 
exons and 9 introns spanning ~10 kb of genomic DNA. The 
FKBP52 protein contains a PPIase domain and a C-terminal 
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tetratricopeptide repeat (TPR) domain. In addition to 
promoting binding to the immunosuppressive drug FK506, the 
PPIase domain is vital for correct protein folding. Through the 
TPR domain, FKBP52 binds the 90-kDa heat shock protein 
(Hsp90), and forms an Hsp90 co‑chaperone. This complex 
regulates steroid receptor signaling, including regulation of 
receptor maturation, hormone binding and nuclear transloca-
tion, and is involved in a wide variety of endocrine-associated 
diseases (5,6). Through its functional domains, FKBP52 also 
interacts with other proteins (7). The most widely discussed 
role of FKBP52 is its regulation of steroid hormone receptor 
(SHR) activity in hormone‑dependent cancer.

FKBP52 is proposed to inhibit the nuclear move-
ment of the tumor suppressor protein p53 by forming 
p53-hsp90-immunophilin-dynein complexes, resulting in the 
inactivation of p53 (8). This indicates that FKBP52 may be 
able to promote cancer initiation and progression. In addition, 
an elevated level of FKBP52 was observed in several types 
of cancer, including prostate cancer, hepatocellular carci-
noma and breast cancer (9‑13); notably though, the majority 
of these studies focused on cancer cell lines. Furthermore, 
previous studies on the role of FKBP52 in breast cancer do 
not form a consensus of results. Certain studies reported that 
FKBP52 was expressed at a higher level in breast cancer and 
precancerous lesions (14,15), but another (16) reported that 
the expression of FKBP52 decreased in breast cancer cell 
line-formed mammospheres, suggesting that FKBP52 could 
elicit a tumor suppressor function. Therefore, the current study 
investigated the association of FKBP52 with clinical features 
and the outcome in patients with breast cancer.

Patients and methods

Patients and clinicopathological features. Archived 
paraffin‑embedded pathological specimens, complete clini-
copathological features and follow-up data were retrieved for 
145 breast cancer patients (median age, 51 years; age range, 
18‑84 years) diagnosed in the Cancer Hospital of Shantou 
University Medical College (Shantou, China) between 
October 2001 and November 2011. All participating patients, 
initially diagnosed with invasive breast cancer, underwent 
surgery without radiation, chemo- or endocrine therapy. If 
patients were suffering from a different type of cancer, they 
were excluded from research group. The unmatched adjacent 
normal tissues of 66 patients were also obtained from surgical 
resections. Some patients were excluded from analysis due to 
lack of pathological data. Clinical Tumor-Node-Metastasis 
stage was grouped in accordance with the American Joint 
Committee on Cancer 6th Edition Cancer Staging Manual 
(2002) (17,18). In the present study, stage III and V disease 
were designated as being advanced stages, while stages I and 
II were designated as early stages (19). A previous study identi-
fied that the histological grade of breast cancer exhibited an 
effect on the prognosis (20). The most common method used to 
grade breast tumors is the Bloom Richardson grading system 
(also known as the Nottingham Grading System), which clas-
sifies the following groups: Grade 1 (G1), well‑differentiated 
slow‑growing; grade 2 (G2), moderately differentiated; and 
grade 3 (G3), poorly-differentiated highly proliferative (21-23). 
Well-differentiated G1 tumors are close to the cell of origin, 

and exhibit a low malignant grade. In comparison, poorly 
differentiated G3 tumors exhibit a poorer differentiation, 
increased degree of malignancy, and poor prognosis. G2 tumors 
are in between G2 and G3 (21-23). As certain samples were 
not stained for Ki-67, no further division of the luminal breast 
cancer specimens into luminal A or luminal B subtypes could 
be performed. Consequently, the individual breast subgroups 
were divided into three subgroups: Luminal, human epidermal 
growth factor receptor 2 (HER‑2)‑enriched and triple‑negative 
breast cancer (TNBC). The observation period ranged between 
7 and 151 months (median, 40 months). Informed consent for 
the use of their samples was obtained from all the patients. 
This study was approved by the Medical Ethics Committee of 
the Cancer Hospital of Shantou University Medical College.

Immunohistochemistry (IHC) assay. IHC for FKBP52 was 
performed using a standard Envision complex method (24). 
Briefly, sections (4 µm) were fixed in 10% buffered formalin 
at room temperature for 24 h and embedded in paraffin. The 
sections were deparaffinized by xylene for 1 h at room tempera-
ture, rehydrated using decreasing concentrations of ethanol (100, 
95, 90, 80 and 70%, 5 min each) and washed in PBS. Endogenous 
peroxidase activity was blocked with 0.3% hydrogen peroxide 
at room temperature for 30 min. Next, tissue sections were 
autoclaved at 121˚C in citrate buffer (pH 6.0) for 10 min, and 
incubated with rabbit anti-FKBP52 monoclonal antibody (dilu-
tion, 1:100; catalog no. ab54991; Abcam, Cambridge, UK) at 
4˚C overnight. Slides were subsequently washed in PBS and 
incubated with biotinylated secondary antibody (GTVision™ 
I Detection System kit; Anti Mouse/Rabbit Detection System; 
Gene Tech Co., Ltd., Hong Kong, China; used as supplied) for 
30 min at 37˚C. Staining was performed using 3, 3‑diamino-
benzidine (DAB‑0031/1031; Fuzhou Maixin Biotech Co., Ltd., 
Fuzhou, China; used as supplied) at room temperature for 2 or 
3 min, and counterstained with hematoxylin (PT001; Shanghai 
Bogoo Biotechnology Co., Ltd., Shanghai, China; used as 
supplied) at room temperature for 2 min. A negative control was 
obtained by replacing the primary antibody with normal goat 
serum (used as provided, AR0009; Wuhan Boster Biological 
Technology, Ltd., Wuhan, China) at 4˚C overnight.

IHC staining for FKBP52 was scored as previously 
described (25), by a combination of intensity (0, no staining; 
1, weak staining; 2, moderate staining; and 3, strong staining) 
and proportion (0, <5% of tumor cells stained; 1, 5‑25% cells 
stained; 2, 26‑50% cells stained; 3, 51‑75% cells stained; 4, 
>75% cells stained) scores. If the product of multiplication 
between staining intensity and the proportion of positive 
cells was >2 (the upper quartiles), expression was defined 
as FKBP52‑positive (+), but if the score was ≤2, the sample 
was designated as FKBP52-negative (-). Two pathologists 
independently assessed the cellular location and intensity of 
immunostaining in each section, in a blinded manner.

Gene expression data. The microarray datasets employed 
in this study are publicly available from ArrayExpress 
(http://www.ebi.ac.uk/arrayexpress/) of the European 
Bioinformatics Institute, and include 4 independent cohorts 
of breast cancer [accession numbers: E-GEOD-42568 (26), 
E‑GEOD‑15852 (27), E‑GEOD‑21422 (28), E‑GEOD‑29044]. 
The CEL files containing the raw data from each experiment 
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were directly downloaded from the ArrayExpress website. 
Details of these datasets are summarized in Table I.

In the present study, KM Plotter (http://kmplot.
com/analysis/), a tool for themeta-analysis-based biomarker 
assessment that includes gene expression and survival data of 
more than 4,000 breast cancer patients was used (29). The tool 
was used to perform Kaplan Meier survival analysis to further 
assess the association between FKBP52 mRNA expression 
and OS. Patients with breast cancer were split by the median 
expression of FKBP52 into two groups, namely patients with 
high or low expression of FKBP52.

Statistical analysis. Data are expressed as the mean ± stan-
dard deviation. Statistical analyses were performed using 
software SPSS (version 13.0) (SPSS, Inc., Chicago, IL, USA) 
and R (version 3.0.2; www.r‑project.org). The difference in 
FKBP52 expression between tumors and non-cancerous tissues 
was detected by Mann‑Whitney U test, and the difference in 
FKBP52 mRNA expression retrieved from online datasets 
between breast cancer cases and healthy controls included in this 
study was detected by an unpaired Student's t-test. Associations 
between FKBP52 expression and clinicopathological features 
were analyzed using the χ2 test. Survival curves were calculated 
using the Kaplan-Meier method with log-rank test. Cox regres-
sion analysis was used to study the effects of FKBP52 expression 
on overall survival (OS) time. OS was defined as the time from 
surgery to the date of last contact or mortality from any cause. 
The three-year survival period or five-year survival period 
is a professional term for evaluating the survival of a tumor 
patient (30,31). Breast cancer patients with an OS time of >3 
or 5 years were defined as the better prognostic group, while 
those with an OS time of ≤3 or 5 years were classified into the 
poor prognostic group. Student's t-test was used for differential 
expression analysis of FKBP52 between control and better/poor 
prognosis-tumor samples. For gene expression microarray 
analyses, data were normalized using Robust Multi-array 
Analysis with R-package ‘affy’ (32). The normalized expression 
values (on a log-2 scale) of probes representing the same gene 
were averaged. A two-tailed P-value of <0.05 was considered to 
indicate a statistically significant difference.

Results

Difference in FKBP52 expression between breast tumors and 
normal tissues. FKBP52 expression was evaluated in 145 breast 

cancer patient samples and 66 unmatched breast non-cancerous 
tissues by IHC. As shown in Fig. 1, different staining intensi-
ties were observed; positive staining of FKBP52 was mainly 
observed in the cytoplasm of the majority of tumor cells. 
FKBP52 expression was slightly higher in the tumors than that 
in the non-cancerous tissues (Fig. 2), but this difference was not 
significant (Table II; P=0.176). Conversely, different independent 
datasets from public databases demonstrated that a significant 

Table I. Independent datasets from ArrayExpress.

 Sample size, n
 ------------------------------------------------------- Log-2 FC
Accession number Array Control Breast cancer (cases/controls)a P-value

E‑GEOD‑42568 HG‑U133_Plus_2 17 104 0.777 <0.001
E‑GEOD‑21422 HG‑U133A   5   14 0.626 0.044
E‑GEOD‑15852 HG‑U133A 43   43 0.138 <0.001
E‑GEOD‑29044 HG‑U133_Plus_2 49   43 0.343 0.001

aFold-change of Log-2 mRNA signal intensity of 52-kDa FK506-binding protein between tumor tissue and healthy tissue was measured.

Figure 1. FKBP52 expression in breast tumors. Immunohistochemical anal-
ysis detected (A) an absence of FKBP52 staining in breast tumors; (B) weak 
staining of FKBP52 in breast tumors; (C) moderate staining of FKBP52 in 
breast tumors; and (D) strong FKBP52 staining in breast tumors. Original 
magnification, x400. FKBP52, 52‑kDa FK506‑binding protein.

Figure 2. FKBP52 expression in breast cancer and unmatched breast 
non-cancerous tissues. Immunohistochemical analysis found that FKBP52 
expression was significantly higher in breast non-cancerous tissues. 
(A) Non‑cancerous breast tissue; (B) breast cancer tissue. Original magnifi-
cation, x400. FKBP52, 52-kDa FK506-binding protein.
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upregulation of FKBP52 mRNA was found in breast tumors 
compared with that in the corresponding controls (Table I).

Association of FKBP52 with clinicopathological features in a 
cohort of 145 breast cancer patients. To evaluate the associa-
tion of FKBP52 expression with clinicopathological features, 
tumor sections from 145 primary breast cancer patients were 
subsequently divided into two groups according to their 
IHC scores: 50 (34.5%) tumors exhibited low expression of 
FKBP52 [FKBP52(‑) group] and 95 (65.5%) tumors exhibited 
high expression of FKBP52 [FKBP52(+) group]. As shown 
in Table III, FKBP52(+) was detected in 36 patients with N1 
stage disease (36/66, 54.5%) and 50 patients with N2‑N3 stage 
disease (50/67, 74.6%), which demonstrated that the FKBP52 
(+) rate was significantly higher in patients with more affected 
lymph nodes (P=0.015). Similarly, elevated FKBP52 expres-
sion was associated with advanced TNM stage (57/78, 73.1% 
vs. 26/50, 52.0%; P=0.015). Additionally, FKBP52(+) rate was 
positively associated with patients with a histological grade of 
G3 (P=0.047). Patients with G3 tumors had the highest FKBP52 
(+) rate (54/74, 73.0%), successively followed by those with G2 
(21/36, 58.3%) and G1 tumors (8/18, 44.4%). For molecular 
receptors, FKBP52 was negatively associated with estrogen 
receptor (ER) expression (47/82, 57.3% vs. 42/56, 75.0%; 
P=0.033), but positively associated with HER‑2 expression 
(42/56, 75% vs. 47/82, 57.3%; P=0.033). Similarly, there was a 
statistically significant difference among the three breast cancer 
subgroups (P=0.036): FKBP52 expression was the highest in 
the HER‑2‑enriched subtype of breast cancer (23/27, 85.2%), 
second highest in the luminal-subtype breast cancer (17/27, 
63.0%) and third highest in TNBC (48/83, 57.8%). By contrast, 
no significant differences were found between FKBP52 expres-
sion and other clinicopathological features assessed in this 
study, including age, tumor size and PR (Table III).

Effect of FKBP52 expression on the OS of breast cancer 
patients. To examine whether the expression status of FKBP52 
has any prognostic value for breast cancer, univariate and 
multivariate analyses using the Kaplan-Meier method and 
Cox regression analysis were performed. As shown in Fig. 3A, 
the Kaplan-Meier survival curve revealed that for the 145 
breast cancer patients, the OS rate in the FKBP52(-) group 
was significantly higher than that in the FKBP52(+) group 
(P=0.026). The KM Plotter tool was used to further assess 
the association between the mRNA expression of FKBP52 
and the OS of the breast cancer patients. As shown in Fig. 3B, 
low expression of FKBP52 predicted a significantly better 

OS rate in the breast cancer patients (P=0.044). In addition 
to FKBP52 (HR, 2.315; 95% CI, 1.077‑4.975; P=0.032), TNM 
stage was another adverse predictor for breast cancer patients 
(HR: 2.148; 95% CI: 1.011‑4.566, P=0.047) upon univariate 
analysis. However, multivariate analysis demonstrated that 
TNM stage, but not FKBP52, was an independent prognostic 
factor (HR, 2.721; 95% CI, 1.169‑6.335; P=0.020) (Table IV).

Association between controls and better/poor prog‑
nosis‑tumor samples. Breast cancer patients were divided into 
two groups according to their OS: Better-prognosis group (OS 
>3 or 5 years) and poor‑prognosis group (OS ≤3 or 5 years). 
As shown in Table V, FKBP52 expression in the patients with 
an OS ≤3‑years (5.39±3.409; P=0.042) and an OS ≤5‑years 
(5.88±3.473; P=0.005) was significantly higher than that in the 
controls (3.94±2.992). However, no statistical significance was 
determined for the comparison between the controls and the 
better‑prognosis group (OS >3 years: 4.84±3.769, P=0.109; OS 
>5 years: 5.32±3.372, P=0.090).

Discussion

As a component of the Hsp90 co‑chaperones, FKBP52 potenti-
ates the gene activation by glucocorticoid (5), androgen (33,34) 
and progesterone (35) receptors through its involvement in 
nuclear receptor maturation. Our understanding of the mecha-
nisms by which Hsp90 co‑chaperones regulate SHR signaling 
and the role that they play in endocrine-associated physi-
ological processes has progressed, although certain previous 
studies controversially suggested that FKBP52 had a potential 
role in breast cancer (14‑16). In the present study, IHC was 
used to assess the difference in FKBP52 expression at the 
protein level between breast cancer and non-cancerous tissues. 
FKBP52 was slightly upregulated in breast tumor samples, but 
this did not reach statistical significance. However, by utilizing 
publicly available gene expression data, FKBP52 expression 
was found to be higher in breast tumors (Table I). The limited 
sample size in the current study may have led to the incon-
sistency in protein and mRNA expression levels observed 
between the samples analyzed and those obtained from previ-
ously generated datasets. Further study of FKBP52 expression 
with a larger sample size is therefore required to confirm the 
results of the present study.

In addition to the fact that FKBP52 was observed to be 
upregulated in breast cancer cell lines, previous reports further 
demonstrated that FKBP52 was predominantly expressed in 
ER‑positive cells (14,36). However, IHC analysis in the present 

Table II. Differential expression of 52-kDa FK506-binding protein in 66 unmatched breast non-cancerous samples and 145 breast 
tumor tissues.

 Expression Median Mann-Whitney
Term levela (P25, P75) U‑value P‑value

Healthy tissue 3.94±2.992 4.00 (1.75, 6.00) 4234.5 0.176
Tumor tissue 4.75±3.605 4.00 (2.00, 8.00)  

aMean ± standard deviation. P25/P75, upper and lower quartiles.
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Figure 3. Kaplan-Meier survival analysis plot of the effect of FKBP52 expression on survival. (A) Effect of FKBP52 expression as assessed by immuno-
histochemical analysis on OS rate in all breast cancer patients. (B) Effect of FKBP52 mRNA expression on OS of breast cancer patients included in the 
Kaplan-Meier plot. FKBP52, 52‑kDa FK506‑binding protein; OS, overall survival.

Table III. Association between FKBP52 expression and clinicopathological features.

 FKBP52 expression, n (%)
 -------------------------------------------------------------------------
Clinicopathological feature Patients, n (%) Negative (n=50) Positive (n=95) χ2 P-value

Age at diagnosis, years     
  ≤50 69 (49.3) 28 (40.6) 41 (59.4) 1.862 0.172 
  >50 71 (50.7) 21 (29.6) 50 (70.4)  
Primary tumor stage     
  T1-T2 88 (66.2) 32 (36.4) 56 (63.6) 0.120  0.729
  T3-T4 45 (33.8) 15 (33.3) 30 (66.7)  
Regional lymph node stage     
  N0-N1 66 (49.6) 30 (45.5) 36 (54.5) 5.868 0.015
  N2-N3 67 (50.4) 17 (25.4) 50 (74.6)  
TNM stage     
  1-2 50 (39.1) 24 (48.0) 26 (52.0) 5.937 0.015
  3-4 78 (60.9) 21 (26.9) 57 (73.1)  
Histological grade     
  G1 18 (14.1) 10 (55.6) 8 (44.4) 6.1 0.047
  G2 36 (28.1) 15 (41.7) 21 (58.3)  
  G3 74 (57.8) 20 (27.0) 54 (73.0)  
Estrogen receptor     
  Negative 56 (40.6) 14 (25.0) 42 (75.0) 4.544 0.033
  Positive 82 (59.4) 35 (42.7) 47 (57.3)  
Progesterone receptor     
  Negative 71 (51.4) 21 (29.6) 50 (70.4) 2.245 0.134
  Positive 67 (48.6) 28 (41.8) 39 (58.2)  
HER‑2     
  Negative 82 (59.4) 35 (42.7) 47 (57.3) 4.544 0.033
  Positive 56 (40.6) 14 (25.0) 42 (75.0)  
Molecular subtypes     
  Luminal 83 (60.6) 35 (42.2) 48 (57.8)  
  HER‑2 enriched 27 (19.7) 4 (14.8) 23 (85.2)  
  TNBC 27 (19.7) 10 (37.0) 17 (63.0) 6.659 0.036

FKBP52, 52‑kDa FK506‑binding protein; TNM, Tumor‑Node‑Metastasis; HER‑2, human epithelial growth factor receptor 2; TNBC,  
triple-negative breast cancer.
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study revealed that the expression of FKBP52 was negatively 
associated with ER expression, but positively associated with 
HER‑2 expression. These inconsistencies may reflect the 
complex association between FKBP52 and molecular recep-
tors in breast cancer. The difference between cancer cells and 
organisms could also result from the cytoplasmic retention 
of ER by Hsp90‑cochaperons; only nuclear staining of ER 
is assessed clinically. The difference in FKBP52 expression 
between luminal, HER‑2‑enriched and triple‑negative‑subtype 
breast cancer also indicated that higher FKBP52 expression 
was associated with negative ER or positive HER‑2 expres-
sion. Considering its clinical significance FKBP52 may be an 
adverse prognostic factor, although further studies are required 
to confirm this. The current study also indicated that elevated 
FKBP52 expression tended to be observed in breast cancer 
patients with lymph node metastasis, poor cell differentiation 
and advanced TNM stage, suggesting that FKBP52 may be 

a useful biomarker for the evaluation of differentiation and 
metastasis in human breast carcinoma. FKBP52 could also 
serve as a novel therapeutic target for breast cancer patients. 
Through IHC analysis using tissue microarrays, Liu et al (11) 
found that FKBP52 regulation was relevant to hepatocellular 
carcinoma staging, with relatively high expression at stages I 
and II, but a marked decline at stage III, demonstrating that 
FKBP52 could be used for early HCC diagnosis. When consid-
ering that it was highly expressed in breast cancer patients 
with advanced TNM stage, FKBP52 was hypothesized to be 
expressed at different levels depending on the tissue types, as 
proposed by previous studies (10,37,38).

In the present study, FKBP52 protein expression was an 
adverse predictor for OS in breast cancer patients. However, 
multivariate survival analysis demonstrated that FKBP52 was 
not an independent factor, partially due to its association with 
TNM stage. Analysis using a publically available online tool, 
KM Plotter, revealed a valid association between FKBP52 
mRNA expression and OS. This association may be caused 
by FKBP52-associated breast cancer resistance to chemo-
therapies (39). Thus, FKBP52 could be used as an objective 
biological marker to estimate the outcome of breast cancer. 
There was no statistically significant association between 
lymph node metastasis and OS, which may be a result of the 
insufficient sample size in the current study. A cohort with a 
larger sample size would be required for a further study.

The present study revealed that FKBP52 may serve a 
role in promoting breast cell growth, and could be one of the 
key factors affecting the prognosis of breast cancer patients. 
However, it cannot be excluded that FKBP52 is a biomarker for 
increased breast cancer risk. A comprehensive functional study 
should therefore be performed to elucidate this association.
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