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Abstract: KAP1 is a universal corepressor for Kruppel-associated box zinc finger proteins. In this study, expression 
level of KAP1 and its association with drug resistance and expression of P-gp and BCRP in epithelial ovarian cancer 
were investigated. Immunohistological staining of KAP1 in cancer and matched paraneoplastic tissues was evalu-
ated in 242 patients with epithelial ovarian cancer. Immunohistological staining of P-gp and BCRP were also evalu-
ated, and the associations with the expression of KAP1 in epithelial ovarian cancer were investigated. MTT assay 
for cell proliferation and clonogenic survival assay were applied to determine the effect of KAP1 on the sensitivity 
of DDP, through up-regulating the level of KAP1 expression of SKOV3 using KAP1 plasmid and down-regulating the 
level of KAP1 expression of SKOV3/DDP using siRNA. The results demonstrated that the expression levels of KAP1 
in cancer tissues were higher than matched paraneoplastic tissues (t = 21.39, P<0.001). The patients with higher 
KAP1 expression often had drug resistance, and the level of KAP1 expression was positively correlated with the ex-
pression of P-gp and BCRP (P = 0.07 and P<0.001 respectively). Up-regulated the expression of KAP1 in SKOV3 cell 
line induced the up-regulated expression of BCRP and P-gp, increasing the resistance of chemotherapeutic drug, 
and down-regulated the expression of KAP1 got opposite effects. KAP1 expression correlated with aggressive clini-
cal features in ovarian cancer, maybe through regulating the expression of P-gp and BCRP.

Keywords: KAP1, Ovarian cancer, P-gp, BCRP, drug resistance

Introduction

Ovarian cancer is one of the most fatal malig-
nancies in women and is the leading cause of 
gynecological cancer deaths [1]. About 22,240 
women were diagnosed with invasive epithelial 
ovarian cancer in the United States in 2013 [2]. 
Because ovarian cancer locate deep within the 
pelvis and is difficult to touch, as well as it has 
no early typical symptoms and effective diag-
nostic methods, most patients with ovarian 
cancer are diagnosed at the advanced stage 
with metastatic functions leading to its poor 
prognosis [3]. Therefore, better targeted thera-
pies and biomarkers for diagnosis or prognosis 
are urgently needed [4, 5].

In spite of advances in treatment of ovarian 
cancer over the past decade, the cure rate has 

improved modestly [6], which may be explained 
by resistance to chemotherapeutic treatment. 
Decreased drug uptake, activation of detoxify-
ing systems, activation of DNA repair mecha-
nisms, intracellular changes that raise the 
apoptotic threshold, alteration of target pro-
teins, or increased drug efflux, individually or 
synergistically attributed to multidrug resis-
tance (MDR) [7]. P-glycoprotein (P-gp) and 
breast cancer resistance protein (BCRP) were 
the best characterized efflux pumps that medi-
ate MDR and belonged to the ATP-binding cas-
sette (ABC) protein superfamily [8, 9]. By utiliz-
ing ATPs, these proteins acquire the ability of 
pumping a wide variety of compounds out of the 
cell, which inducing MDR [10].

KRAB-associated protein 1 (KAP1, also known 
as TRIM28 and TIF1b), is a well-known tran-
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scriptional corepressor of Kruppel-associated 
box zinc finger protein [11]. KAP1 is an essen-
tial partner in several multiple-protein complex-
es and involves in a wide range of biological 
processes [12]. It is critical for epigenetic sta-
bility during mouse oocyte to embryo transition 
[13] and convergent extension of extra-embry-
onic tissues [14]. Moreover, the CBF-A/KAP1/
FTS-1 complex activates FSP-1 transcription 
and subsequently epithelial-mesenchymal 
transition [15]. Additionally, phosphorylation of 
KAP1-Serine 824 (Ser824) by ataxia-telangiec-
tasia-mutated (ATM) kinase leads to increased 
expression of KAP1 target genes controlling 
DNA damage repair in response to genotoxic 
stress [16, 17], but there was no papers about 
the correlation of KAP1 and drug resistance. 

Although a growing number of studies have 
demonstrated the function of KAP1, few reports 
have shown the expression status of KAP1 in 
ovarian cancer and any clinical significance 
associated with KAP1 expression. We have 
found that KAP1 was expressed highly in ovari-
an cancer tissues [18], in this paper we 
increased the number of cases to evaluate it, 
and detected the correlation of KAP1 and drug 
resistance. We reported here KAP1 was high 
expressed in ovarian cancer tissues. Then we 
found that KAP1 was positively correlated with 
P-gp and BCRP, indicating that KAP1 could reg-
ulate the expression of P-gp and BCRP leading 

and pathological parameters

Clinicopathological data were collected includ-
ing age, histology type, ascites, metastases 
status, tumor grade and chemotherapy 
scheme. There were 198 patients receiving 
chemotherapy (Taxo/cisplatin or paclitaxel/cis-
platin). All patients’ characteristics were sum-
marized in Table 1. Concerning the chemother-
apy response, 198 patients were divided into 
three groups, chemotherapy resistant group 
(62 cases), partial sensitive group (51 cases) 
and sensitive group (85 cases) according to the 
guideline of National Comprehensive Cancer 
Network (NCCN) (recurrence during the chemo-
therapy period or within 6 months after the che-
motherapy was define as drug resistance 
group; recurrence between 6 to 12 months was 
partial sensitive group after the chemotherapy; 
recurrence beyond 12 months after the chemo-
therapy or didn’t recurrence was sensitive 
group). 

Antibodies

The primary antibodies, rabbit anti-KAP1 (San- 
ta Cruz Biotechnology), mouse anti-P-gp (Santa 
Cruz Biotechnology), rabbit anti-BCRP (Santa 
Cruz Biotechnology), mouse anti-β-actin (Santa 
Cruz Biotechnology) were used in this study. 
The secondary antibodies, anti-mouse (Santa 
Cruz Biotechnology), and anti-rabbit (Zhongshan 
Goldbridge Biotechnology) were purchased for 
western blot. 

Table 1. Patients’ characteristics

Variables
Sensitive Partial  

Sensitive Resistance

n=85 n=51 n=62

Age (years)
<55 37 27 32
≥55 48 24 30

Stage
Early (stageI-II) 51 25 24
Advanced (stageIII-IV) 34 26 38

Grade

I 22 7 4
II 28 15 18
II 35 29 40

Ascites 
No 56 22 28
Yes 39 29 34

Metastases
Negative 52 25 12
Positive 33 26 50

Histology type

Serous 51 39 20
Endometrioid 18 10 34
Mucinous 10 2 2
Clear cell 6 0 6

to the drug resistance and poor 
survival.

Materials and methods 

Patients and tissue samples

242 ovarian epithelial cancers 
and matched paraneoplastic tis-
sues were obtained from the 
Department of Pathology, Tianjin 
Cancer Hospital, Tianjin Medical 
University of 2005-2009. All tis-
sues were examined by special-
ists to make a final diagnosis 
using the World Health Or- 
ganization criteria. The classifi-
cation of cancer stage and grade 
was according to the Interna- 
tional Federation of Gynecology 
and Obstetrics (FIGO, 2009).

Drug resistance related clinical 
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Immunohistochemistry staining and evaluation

Tissue sections were deparaffinized and rehy-
drated with xylene and graded in alcohol solu-
tions. After washed with PBS, 3% hydrogen per-
oxide was used to endogenous quench peroxi-
dase activity, and 10 mM citrate buffer (pH 6.0) 
was used for antigen exposure, boiled for 3 min 
in an autoclave sterilizer followed by cooling at 
room temperature for more than 20 min. Then 
sections were incubated with primary antibody 
KAP1 (1:75 dilution in antibody diluent, Zhong- 
shan Goldbridge Biotechnology CO., Ltd, Bei- 
jing, China) for overnight at 4°C. After rinsing 
with PBS, sections were incubated with PV6001 
or PV6002 (Zhongshan Goldbridge Biotech- 
nology CO., Ltd, Beijing, China) for 30 min at 
37°C and stained with DAB for 1 to 2 min. The 
slides were counterstained with hematoxylin, 
dehydrated with ethanol, cleared with xylene, 
and mounted in neutral gum. Control sections 
were incubated with PBS instead of a primary 
antibody. 

For KAP1 evaluation, the method used in our 
previous paper was utilized [39]. High-power 

fields in serial sections were chosen from each 
slice, scored them, and estimated the mean 
percentage of chromatic cells. Patients with 
KAP1 expression levels of ≤50% in tumor tis-
sues were assigned to the low-expression 
group (n = 105), whereas those with values 
>50% were assigned to the high-expression 
group (n = 137). The cutoff between these two 
groups was defined by the mean value of KAP1 
expression in cancerous tissue.

For P-gp and BCRP, both the percentage and 
intensity were considered in a semi-quantita-
tive assessment. The percentage of positive 
cells was scored as 0 (0% positive cells), 1 
(1-25% positive cells), 2 (26-50% positive cells), 
3 (50-75% positive cells), or 4 (>75% positive 
cells). The intensity of immunostaining was also 
scored as 0 (negative), 1 (weak), 2 (intermedi-
ate) and 3 (strong). The intensity score (0-3) 
was multiplied by the percentage score (0-4) 
and a final score was assigned 0 (negative), 1-4 
(weak expression), 5-8 (moderate expression), 
and 8-12 (strong expression). For statistical 
analysis, samples with scores of 0-4 were con-

Figure 1. Expression of KAP1 in human non-tumor ovarian tissues and ovarian cancer. A: Representative pictures 
about KAP1 expression in ovarian cancer tissues and matched paraneoplastic tissues of two cases; B: The expres-
sion level of KAP1 in non-tumor cells was lower than tumor cells in the one sample, upper portion was non-tumor 
cells (white arrow), and under part was cancer cells (red arrow); C: Statistics showed the expression level of KAP1 in 
cancer tissues was higher than matched paraneoplastic ovarian tissues. (IHC, 400×).
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sidered to show low expression, while those 
with scores of 5-12 were considered to show 
high expression.

Plasmids and cell infection

Sequence encoding human KAP1 protein was 
cloned into the EcoRI-BamHI sites of pCDH-
puro-vector. The KAP1 siRNA sequence 
5’-GCGATCTGGTTATGTGCAATT-3’, and the con-
trol siRNA sequence was synthesized by 
Shanghai Genechem Co., Ltd (Shanghai, China). 
The siRNAs were synthesized and subcloned 
into a lentiviral siRNA vector Plko.1-Amp/puro-
mycin. The day before transfection, 1×105 cells 
were placed in 35 mm dishes in DMEM supple-
mented with 10% fetal bovine serum and with-
out antibiotics. The transfected cells were cul-

tured for 48 h, and expression protein level 
were confirmed with Western-blot analysis in 
cells. 

Western blot 

Total protein was obtained using a lysis buffer 
(1% SDS, 10 Mm Tris-Hcl, pH 7.6, 20 μg/ml 
aprotinin, 20 μg/ml leupeptin and 1 mM AEBSF) 
and the protein concentration was measured 
with Bradford method. Protein were separated 
on a 10% SDS-PAGE gel and blotted onto a 
PVDF membrane, which was blocked and incu-
bated with primary and secondary. β-actin was 
used as an internal control. The bands for sam-
ples were analyzed with a gel imaging system 
(Kodak). 

Figure 2. Expression of KAP1 in 198 patients receiving chemotherapy. A: Representative picture in chemotherapy 
sensitive case; B: Representative picture in chemotherapy partial sensitive case; C: Representative picture in che-
motherapy resistance case; D: Statistics showed the expression level of KAP1 in three groups receiving chemo-
therapy. (IHC, 200×).
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MTT assay for cell viability and proliferation 

Stable infected cells were treated with different 
concentrations of cisplatin, dacarbazine, pacli-
taxel or staurosporin for 48 h, cell survival 
detected by MTT normalized to untreated cells.

Seventy-two hours after transfection, siKAP1 
and control cells were seeded in sextuplicate in 
96 well plates, at a density of 3,000 cells/well 
and incubated for 0, 24, 48, 72 and 96 hours in 
normal medium and medium contain cisplatin 
(DDP) to detect cell proliferation. At the end of 
incubation, 20 µL of 5 mg/mL MTT (3-(4,5- 
dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazoli-
um bromide, Sigma, St. Louis, USA) were added 
to each well. The plates were incubated in a 
humidified incubator at 37°C, under 5% CO2 for 
4 hours, following which 150 µL dimethyl sulf-
oxide was added. The plates were gently agi-

protein in different groups. The significance 
level was defined as P<0.05.

Results

Higher expression of KAP1 protein was de-
tected in human ovarian cancer tissues than 
matched paraneoplastic tissues

Immunohistochemistry (IHC) was applied to 
investigate the expression of KAP1, which 
showed that KAP1 was expressed in both 
tumor cells and some mesenchymal cells, and 
localized to cell nucleus (Figure 1). Then we 
compared the expression level of KAP1 in ovar-
ian cancer tissues and matched paraneoplas-
tic tissues, the results showed that the expres-
sion level of KAP1 was higher in ovarian cancer 
samples than matched paraneoplastic tissues 
(Figure 1C; t = 21.39, P<0.001). And it also 

Figure 3. The correlation of KAP1 and BCRP expression. A: Representative IHC 
pictures about KAP1 and BCRP expression in ovarian cancer tissues (KAP1 and 
BCRP all higher expressed in sample 1, and all lower in sample 2); B: Statistics 
showed that there was a positive correlation between the expression level of 
KAP1 and BCRP. (IHC, 400×).

tated until the formazan 
was completely dissolved, 
and the absorbance was 
measured at 490 nm wave- 
length.

Clonogenic survival assay

Viable cells (1000/well) 
were seeded on 3.5 cm dish 
and incubated for 7-14 
days, and then fixed with 
methanol and stained with 
gentian violet. Colonies con-
taining more than 50 cells 
were scored as surviving 
cells. Each surviving frac-
tions were corrected using 
these cell survivals.

Statistical methods

SPSS 16.0 was used to 
evaluate the data. Paired t 
test was used to assess the 
expression level of KAP1 in 
cancer and paraneoplastic 
tissues. The χ2 test was 
used to assess the associa-
tion of KAP1 expression 
with P-gp and BCRP. The 
standard two-tailed t-test 
was performed to compare 
the differences of the KAP1 
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showed that the level of KAP1 in adjacent nor-
mal tissues was higher than cancer tissues in 
the same breast cancer sample (Figure 1B). 

The correlation of KAP1 expression and drug 
resistance of patients 

Now that we have found that the patients with 
higher level of KAP1 expression often had poor 
prognosis [18], and the patients with resis-
tance to chemotherapeutic treatment also had 
poor prognosis, so we thought whether KAP1 
could affect chemotherapeutic resistance. In 
our study there were 198 patients receiving 
chemotherapy, which were divided into three 
groups, chemotherapy resistant group (62 
cases), partial sensitive group (51 cases) and 
sensitive group (85 cases). Then we compared 
the expression level of KAP1 in these three 
groups. The results showed that the expression 

ents with higher KAP1 expression often had 
higher BCRP expression (Figure 3B). 

The correlation of KAP1 and p-gp expression 

Then we detected the expression of P-gp, which 
also was an important protein that mediated 
MDR. The results showed that a positive corre-
lation between the expression of KAP1 and 
p-gp was also found, although there is no sta-
tistical significance (Figure 4). So we speculat-
ed that KAP1 maybe regulate the expression of 
multi-drug resistance-related proteins. 

The expression of KAP1 could regulate the 
sensibility of chemotherapeutic drugs

Since the previous results have shown that 
there were positive correlations between the 
expression level of KAP1 and BCRP and P-gp, 

Figure 4. The correlation of KAP1and p-gp expression. A: Representative IHC 
pictures about KAP1 and P-gp expression in ovarian cancer tissues (KAP1 and 
p-gp all higher expressed in sample 1, and all lower in sample 2); B: Statistics 
showed a correlation between the expression level of KAP1 and P-gp. (IHC, 
400×).

level of KAP1 was highest  
in chemotherapy resistant 
group, and lowest in sensi-
tive group, and the differ-
ences between every group 
were statistically significant 
(Figure 2, all P<0.05). 

The correlation of KAP1 
and BCRP expression

Now that the patients with 
higher level of KAP1 expres-
sion often had poor progno-
sis [18], and the patients 
with resistance to chemo-
therapeutic treatment also 
had poor prognosis, so  
we thought whether KAP1 
could affect chemothera-
peutic resistance. Then we 
detected the expression of 
BCRP and P-gp, which were 
important proteins that 
mediated MDR. The results 
showed that BCRP were 
expressed in tumor cells, as 
well as some mesenchymal 
cells, and localized to cell 
cytoplasm and/or mem-
brane (Figure 3A). Impor- 
tantly, there was a signifi-
cantly positive correlation 
between the expression of 
KAP1 and BCRP, the pati- 
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Figure 5. The expression level of KAP1 could affect the sensibility of chemotherapeutic drugs. A: Western blot showed that overexpression KAP1 up-regulated the 
expression level of BCRP and P-gp; B: MTT cell proliferation assay demonstrated that up-regulated KAP1 expression could significantly decrease the cisplatin sensi-
tivity of SKOV3; C: MTT cell proliferation assay demonstrated that up-regulated KAP1 expression could significantly decrease the paclitaxel sensitivity of SKOV3; D: 
Western blot showed that siKAP1 down-regulated the expression level of BCRP and P-gp; E: siKAP1 could significantly increase the cisplatin sensitivity of SKOV3; F: 
siKAP1 could significantly increase the paclitaxel sensitivity of SKOV3. 



The correlation of KAP1 and drug-resistance

17315	 Int J Clin Exp Med 2015;8(10):17308-17320

so we speculated that KAP1 maybe regulate 
the expression of multi-drug resistance-related 
proteins. First we overexpressed KAP1 in 
SKOV3 cells, and the results showed that high-
er level KAP1 could up-regulate the expression 
of BCRP and P-gp (Figure 5A). Meanwhile, we 
detected the drug sensitivity in these cell lines. 
Therefore, SKOV3-KAP1 cell line and control 
cells were treated with different concentrations 
of the chemotherapeutic drug cisplatin and 
paclitaxel, and cell survival was determined 
normalized to untreated cells respectively after 
treatment 48 h. The results showed that the 
cells overexpressed KAP1 were less sensitive 
to both cisplatin and paclitaxel. In particular, in 
SKOV3-KAP1 cells the IC-50 value of cisplatin 

was 28 μg/ml, and the IC-50 value of paclitaxel 
was 17 μg/ml approximately, but the IC-50 
value of cisplatin was 15 μg/ml, and the IC-50 
value of paclitaxel was 8 μg/ml approximately 
in control cells (Figure 5B and 5C). 

Furthermore, we down-regulated KAP1 in 
SKOV3 cells using siRNA, and lower levels of 
BCRP and P-gp were also detected (Figure 5D). 
We found that the siKAP1cells were more sen-
sitive to both cisplatin and paclitaxel. And in 
siKAP1 cells the IC-50 value of cisplatin was 
6.5 μg/ml, and the IC-50 value of paclitaxel 
was 5 μg/ml approximately (Figure 5E and 5F).

The cell line SKOV3/DDP, resistance to DDP, 
with higher KAP1 expression, was interfered 

Figure 6. The down-regulated expression of KAP1 could increase the sensibility of chemotherapeutic drug DDP. A: 
Western blot showed that KAP1 down-regulated in SKOV3/DDP cells; B: MTT cell proliferation assay demonstrated 
that down-regulated KAP1 expression could significantly increase the sensitivity of SKOV3/DDP; C: Clonogenic sur-
vival assay showed 6-7-fold decrease in cell growth in SKOV3/DDP cell line of stable KAP1 knockdown cells than 
control cells. 
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with siKAP1 (Figure 6A) in our study to detect 
the different drug sensibility between SKOV3/
DDP -siKAP1 and control cells. The MTT cell 
proliferation assay demonstrated that down-
regulated KAP1 expression could significantly 
increase the sensitivity of SKOV3/DDP (Figure 
6B, P<0.01). After treatment of DDP, the stable 
KAP1 knockdown group in SKOV3/DDP cell line 
exhibited a 6-7-fold decrease in cell growth 
based on the focus formation assay (P<0.01) 
(Figure 6C). These results suggested that 
down-regulated expression of KAP1 in SKOV3/
DDP cell line induce the down-regulated expres-
sion of BCRP and P-gp, and increase the sensi-
tivity of chemotherapeutic drugs.

In order to verify our results deeply, alternative 
drug resistance cell line SKOV3/paclitaxel, 

which was resistant to paclitaxel, was utilized. 
Using the same research methods, SKOV3/
paclitaxel was interfered with siKAP1 (Figure 
7A), meanwhile detected the different drug 
sensibility between SKOV3/paclitaxel-siKAP1 
and control cells using MTT and colony forma-
tion assay. The results of MTT cell proliferation 
assay showed that down-regulated KAP1 
expression also significantly increased the sen-
sitivity of SKOV3/paclitaxel for paclitaxel 
(Figure 7B, P<0.001). After treatment of pacli-
taxel, SKOV3/paclitaxel-siKAP1 cell line exhib-
ited a decreasing in cell growth based on the 
focus formation assay (P<0.01) (Figure 7C). 
These results suggested that down-regulated 
expression of KAP1 in SKOV3 drug resistance 
cell line could increase the sensitivity of che-
motherapeutic drugs.

Figure 7. The down-regulated expression of KAP1 could increase the sensibility of chemotherapeutic drug pacli-
taxel. A: Western blot showed that KAP1 down-regulated in SKOV3/paclitaxel cells; B: MTT cell proliferation assay 
demonstrated that down-regulated KAP1 expression could significantly increase the sensitivity of SKOV3/paclitaxel; 
C: Clonogenic survival assay showed 4-5-fold decrease in cell growth in SKOV3/pacliaxel cell line of stable KAP1 
knockdown cells than control cells.
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Discussion

In our study, we detected KAP1 expression lev-
els by immunohistological stain and investigate 
the correlation with the expression of BCRP 
and P-gp. The results showed that the expres-
sion levels of KAP1 in ovarian cancer tissues 
were higher than matched non-tumor ovarian 
tissues. High levels of KAP1 expression were 
associated with the expression of BCRP and 
P-gp. 

Because ovarian cancer is located deep within 
the pelvis and lack of typical early symptoms, 
many patients are diagnosed at advanced 
stage, with peritoneal cavity or distant metas-
tasis. So the 5-year survival in patients with 
advanced ovarian cancer is less than 30% [19]. 
Although surgical treatment and chemotherapy 
of ovarian cancer have improved in recent 
years, the prognosis of ovarian cancer remains 
poor. The current standard of treatment for pri-
mary ovarian cancer is the combination of opti-
mal cytoreductive surgery and platinum-based 
chemotherapy. Despite state of the art treat-
ment, more than 50% of the patients will 
relapse and consequently die from this disease 
[20]. The high recurrence rates suggested 
development of chemoresistance. 

Chemotherapy is one of the principal modes of 
treatment for ovarian cancer, but the effective-
ness of chemotherapy is limited by drug resis-
tance [21, 22]. Resistance to chemotherapy 
and molecularly targeted therapies is a major 
problem facing current cancer research. A 
diverse range of molecular mechanisms, one of 
which was increased rates of drug efflux, have 
been implicated in drug resistance [23]. Several 
cell membrane transporter proteins have been 
linked to resistance to commonly used chemo-
therapeutics by promoting drug efflux. Most 
notably, the ATP-binding cassette transporter 
family of transmembrane proteins, BCRP and 
P-gp, regulate the flux across the plasma mem-
brane of multiple structurally and mecha
nistically unrelated chemotherapeutic agents 
[24]. BCRP lends resistance to many cytostat-
ics, and its role in the resistance of ovarian can-
cer to topotecan is well described [25]. P-gp 
overexpression has been associated with che-
motherapy failure in many cancers, including 
ovarian cancer [26].

Chemotherapeutic resistance, particularly in 
the recurrent setting, plagues the disease. 

Targeting the pathways and mechanisms 
behind the development of chemoresistance in 
ovarian cancer could lead to significant improve-
ment in patient outcomes. In our paper, we 
found positive correlations between the level of 
KAP1 expression and the expression of 
P-glycoprotein, between the level of KAP1 
expression and BCRP in ovarian cancer tissues. 
When knockdown the expression of KAP1 in 
SKOV3/DDP and SKOV3/paclitaxel cell line, the 
levels of BCRP and P-gp were also down-regu-
lated, and the cell’s sensitivity for DDP and 
paclitaxel was recovered. We speculated that 
KAP1 maybe an important factor that regulates 
the expression of BCRP and P-gp.

KAP1 is an essential partner in several multi-
ple-protein complexes and involves in a wide 
range of biological processes [12]. KAP1, a 
nuclear protein, was thought to function as a 
co-repressor of the zinc-finger proteins associ-
ated with the Kruppel-associated box (KRAB) 
domain [27]. In mammals, KRAB functions as a 
transcriptional regulation domain, exhibiting 
the capacity for long-range transcriptional regu-
lation across much of the genome [28]. In 
mouse, KAP1 is essential for post-implantation 
development, normal gene expression, and epi-
genetic stability during the zygotic transition 
[29]. KAP1 can also promote ubiquitination and 
degradation of TP53, a tumor suppressor. If 
KAP1 could regulate the expression of BCRP 
and P-gp directly, or regulate their expression 
indirectly through other molecular mechanism 
need more experiments to confirm. 

In this study, we found that the level of KAP1 
expression in ovarian cancer tissues was high-
er than matched non-tumor tissues, which was 
also found in other kinds of cancer samples. 
The upregulation of the KAP1 gene in cancer 
tissues has been shown in gastric cancer and 
is associated with poor prognosis [30], and its 
upregulation was also detected in peripheral 
blood of gastric cancer patients [31]. Previous 
studies showed that KAP1 was overexpressed 
in both liver and peritoneal metastases from 
patients with colorectal adenocarcinoma, mel-
anoma and malignant thyroid neoplasms [32]. 
KAP1 showed significant increase in the 
colorectal carcinomatous epithelium compared 
with the adenomatous epithelium [33]. The 
level of serum KAP1 in patients with melanoma 
has previously been shown to be significantly 
higher than in controls, leading to the specula-
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tion that serum level of KAP1 may be a new 
useful marker for melanoma progression [33]. 
The expression of KAP1 gene was significantly 
higher in cancerous tissues than in noncancer-
ous tissues and was a new marker to predict 
metastasis and prognosis in early stage non-
small cell lung cancer patients [34]. The level of 
KAP1 mRNA expression was found to be an 
independent diagnostic marker of malignant 
thyroid neoplasms [35]. 

There have been a number of indirect evidenc-
es seen in recent studies that suggest KAP1’s 
role to promote tumorigenesis. KAP1 knock-
down resulted in an impaired proliferation rate 
and increased G1-phase cell cycle fraction [34]. 
Furthermore, KAP1 was observed to inhibit 
P53 acetylation and to promote P53 ubiquitina-
tion by interacting with MDM2 [36], suggesting 
KAP1 also plays a role in cancer by inhibiting 
p53. KAP1 also suppressed the cyclin-depen-
dent kinase inhibitor P21 [37, 38]. The results 
of the present study were consistent with the 
disruption of the G1/S checkpoint via inhibition 
of P53 and P21 function. Furthermore, KAP1 
may play a role in inducing EMT [15], which is 
considered to be involved in migration, tumor 
invasion, and dissemination. Lifang Lin et al. 
showed the first direct evidence demonstrating 
that KAP1 has the ability to promote tumor 
metastasis both in vitro and in vivo [25]. These 
results indicated that KAP1was a universal 
corepressor.

In our study, the expression level of KAP1 was 
higher in ovarian cancer samples than matched 
non-tumor ovarian tissues, which suggested 
that KAP1 may play an important role in ovarian 
cancer genesis. Furthermore, the results in our 
paper had showed that KAP1 expression cor-
related with aggressive clinical features and 
promoted the development of ovarian cancer. 
Furthermore, KAP1 high expression was an 
independent predictor for ovarian cancer 
patients [18]. In this study, the level of KAP1 
expression was positively correlated with the 
expression of P-glycoprotein and BCRP (P = 
0.07 and P<0.001 respectively), which sug-
gested that KAP1 could regulate the expres-
sion of drug resistance proteins. Additional 
studies are needed to more clearly and com-
prehensively articulate the molecular mecha-
nisms of both the cause and the effects of 
altered expression of KAP1 in the development 
and/or progression of ovarian cancer.
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