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Overexpression of keratin 17 is associated with poor
prognosis in epithelial ovarian cancer
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Abstract The aim of this study was to investigate the asso-
ciation between keratin 17 (K17) expression and the clinico-
pathological features of patients with epithelial ovarian cancer
(EOC). K17 expression was detected by real-time quantitative
RT-PCR in EOC and adjacent noncancerous tissues. In addi-
tion, K17 expression was analyzed by immunohistochemistry

in 104 clinicopathologically characterized EOC cases. The
expression levels of K17 mRNA and protein in EOC tissues
were both significantly higher than those in noncancerous
tissues. In addition, positive expression of K17 correlated with
the clinical stage (p=0.001). Furthermore, Kaplan–Meier sur-
vival analysis showed that a high expression level of K17
resulted in a significantly poor prognosis of EOC patients.
Multivariate analysis revealed that EOC expression level was
an independent prognostic parameter for the overall survival
rate of EOC patients. Our data are the first to suggest that
increased K17 expression in EOC is significantly associated
with aggressive progression and poor prognosis. K17 may be
an important molecular marker for predicting the carcinogen-
esis, progression, and prognosis of EOC.
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Introduction

Epithelial ovarian cancer (EOC) represents one of the most
common gynecologic malignancies worldwide. It has the
highest mortality rate among malignant tumors in female re-
productive system [1, 2]. Because of the lack of specific early
symptoms or effective tumor biomarkers, most patients with
EOC are diagnosed at the advanced stages, and the prognosis
of these patients is still poor, even though there has been great
improvement on traditional treatments, such as surgery,
supplemented with radiotherapy and chemotherapy. The 5-
year survival rate for EOC patients is only 30–40 % [3].
Similar with other human malignancies, tumorigenesis and
tumor progression of EOC are caused by numerous reproduc-
tive, environmental, and genetic risk factors. Therefore, it is of
great importance to discover and analyze the genetic changes

Ya-Feng Wang, Hai-Yang Lang, and Jing Yuan contributed equally to
this paper.

Y.-F. Wang :H.-Y. Lang : J. Zhang : T. Zhao :Y.-R. Li : J.-Y. Liu :
L.-H. Zeng (*) :G.-Z. Guo
Department of Radiological Medicine and the Ministry
of Education Key Lab of Hazard Assessment and Control
in Special Operational Environment, School of Public Health,
Fourth Military Medical University, No. 17, Changle West Road,
Xi’an 710032, China
e-mail: zenglh2013@126.com

J. Yuan
Department of Information Technology, The General Hospital
of Jinan Military Command, No. 25, Shifan Road,
Ji’nan 250031, China

J. Wang
Department of Osteology, People’s Hospital of Langzhong City
in Sichuan Province, No. 17 Zhangfei South Road,
Langzhong 637400 Sichuan Province, China

R. Wang
Department of Health Statistics and the Ministry of Education Key
Lab of Hazard Assessment and Control in Special Operational
Environment, School of Public Health, Fourth Military Medical
University, No. 17, Changle West Road,
Xi’an 710032, China

X.-H. Zhang
Department of Gynecologic Oncology, Affiliated Cancer Hospital
of Zhengzhou University, Zhengzhou 450000, China

Tumor Biol. (2013) 34:1685–1689
DOI 10.1007/s13277-013-0703-5



and molecular events involving the initiation, progression, and
metastasis of EOC.

Keratins are the typical intermediate filament proteins
in epithelial cells. These proteins constitute an important
component of the cytoskeleton and are involved in the
fixation of the nucleus and the maintenance of individual
epithelial cells, as well as epithelial tissue morphology,
via cell-to-cell contacts [4]. Keratins display a character-
istic expression pattern in epithelial cells in a manner
dependent on cell type, stage of differentiation, and func-
tion. Epithelial neoplasms frequently retain specific ex-
pression of keratins associated with the organ cell type
[5]. Thus, keratin profiling provides particularly useful
information for detecting the primary site of carcinomas
that have spread across several organs and in cases of
metastases.

Keratin 17 (K17) was originally identified as a major
keratin of basal cell skin carcinoma [6]. In normal human
epithelia, K17 expression is distributed in various glands,
respiratory epithelium, and urothelium, and K17 is regarded
as a basal/myoepithelial cell keratin [7, 8]. In the last de-
cade, studies have demonstrated that K17 is expressed in
adenocarcinomas of the bile duct, and it is also regarded as a
useful marker for distinguishing between pancreaticobiliary
adenocarcinomas and the carcinomas arising from the di-
gestive tract, lung, prostate, and gynecologic organs [9–11].
However, the expression patterns and involvement of K17
in EOC are still unclear. Therefore, the aim of this study was
to investigate the clinical significance of K17 expression in
EOC.

Materials and methods

Sample collecting

The study was approved by the Research Ethics Committee
of Fourth Military Medical University, China. Informed
consent was obtained from all of the patients. All specimens
were handled and made anonymous according to the ethical
and legal standards.

For immunohistochemistry analysis, EOC tissues were
collected from 104 patients with EOC from the Department
of Oncology, Fourth Military Medical University, from
January 2000 to January 2006. Forty noncancerous tissues
were obtained during surgery from women with EOC. All
patients with only gynecology tumor were treated without
preoperative radiotherapy, chemotherapy, or hormonal ther-
apy. Surgical staging was established according to the
International Federation of Gynecology and Obstetrics sys-
tem. Debulking status was defined according to the size of
the nodules left in the peritoneal cavity after surgery. The
clinical features of 104 EOC patients were summarized in

Table 1. In addition, 20 self-pairs of EOC specimens and
adjacent noncancerous tissues were snap frozen in liquid
nitrogen and stored at −80 °C following surgery for real-
time quantitative RT-PCR.

RNA extraction and real-time quantitative RT-PCR

K17 gene expression in 20 paired tumor tissue samples and
adjacent noncancerous tissues were confirmed by real-time
quantitative RT-PCR. Total RNAwas extracted according to
the manufacturer’s instructions (TRIzol, Invitrogen, USA).
RNA (2 μg) was reverse transcribed into cDNA (Promega,
Madison, WI). Quantitative K17 mRNA levels were
assessed using Mastercycler® ep realplex (Eppendorf,
Hamburg, Germany) with an IQTM SYBR Green
Supermix Kit (BIORAD, Berkeley, CA) according to the
manufacturer’s protocol. GAPDH was used as an internal
control. The qPCR primers were as follows: K17, sense 5′-
TTGGAACCTTCCTTGGACTGCATGC-3′ and antisense
5′-GCCATGGCGGCCTTTGGAACTC-3′; GAPDH, sense
5′-TGA AGGTCGGAGTCAACGG-3′ and antisense 5′-
CTGGAAGATGGTGATGGGATT-3′. The cycling condi-
tions were as follows: 95 °C for 2 min, then 40 cycles of
95 °C for 15 s, 59 °C for 30 s, and 72 °C for 45 s, with a
final extension at 72 °C for 5 min. Each reaction was
performed in triplicate, and the mean K17 mRNA level for
each tumor was compared with its matched noncancerous
tissue. The expression level of K17 was expressed as
2−ΔΔCt, where ΔCt=Ct (K17)−Ct (GAPDH).

Table 1 Correlation between K17 expression and the clinicopatholog-
ic features of EOC patients

Clinicopathologic features K17 level p value

Low High

Age, years

≤50 (n=43) 22 21 0.429

>50 (n=61) 26 35

Pathological grade

1–2 (n=31) 19 12 0.054

3 (n=73) 29 44

Clinical stage

I–II (n=22) 17 5 0.001

III–IV (n=82) 31 51

Histological type

Serous (n=87) 37 48 0.313

Non-serous (n=17) 11 8

Residual tumor after surgery

<1 cm (n=64) 32 32 0.419

≥1 cm (n=40) 16 24

1686 Tumor Biol. (2013) 34:1685–1689



Immunohistochemistry analysis

K17 protein expression in 104 tumor tissue samples and 40
noncancerous tissues was confirmed by immunohistochem-
istry, which was performed on formalin-fixed, paraffin-
embedded, 3-μm-thick tissue sections using the avidin–bi-
otin–peroxidase complex method. The sections were
deparaffinized and dehydrated using a graded series of eth-
anol solutions. Endogenous peroxidase activity was halted
through incubation with 0.3 % hydrogen peroxidase and
methanol for 20 min. Following a rinse in phosphate-
buffered saline, the tissue sections were processed in a
0.01-M citrate buffer (pH6.0) inside a heat-resistant plastic
container. Sections were then irradiated in a domestic mi-
crowave oven for 20 min. After microwave irradiation, the
slides were allowed to cool at room temperature. The pri-
mary antibody was a rabbit antibody specific to K17 (1:15,
Atlas Antibodies, Sigma-Aldrich, USA). The sections were
incubated with the primary antibody overnight at 4 °C
followed by the secondary antibody. The results were

visualized with diaminobenzidine. In each immunohisto-
chemistry assay, the negative controls were stained without
primary antibody.

Two independent observers experienced in immunohis-
tochemistry evaluated the slides. Both readers were blinded
to clinicopathologic data and patient outcomes. K17 expres-
sion was quantified using a visual grading system based on
the extent of staining (percentage of positive tumor cells
graded on a scale from 0 to 3: 0 = negative, 1 = 1–30 %, 2 =
31–60 %, and 3 >60 %) and the intensity of staining (graded
on a scale of 0–3: 0 = none, 1 = weak staining, 2 = moderate
staining, and 3 = strong staining). The combination of the
extent (E) and intensity (I) of staining was obtained by the
product of E×I called EI, and varied from 0 to 9 for each
spot. The mean EI score was calculated for each EOC
specimen. EI scores of 0–3 were considered low expression
and EI scores >3 were considered high expression. In 95 %
of the samples, the evaluations of the two observers were
identical; the remaining slides were reevaluated, and con-
sensus decisions were made.

Statistical analysis

All statistical analyses were performed using the SPSS 13.0
statistical software package. The χ2 test and Fisher’s exact test
were used to analyze the relationship between K17 expression
and the clinicopathologic characteristics. Survival curves were
plotted using the Kaplan–Meier method and compared be-
tween the cases with high and low K17 expression using the
logrank test. Survival data were evaluated using the Cox
proportional hazards model. Independent prognostic factors
were determined by a multivariate analysis. p<0.05 was con-
sidered statistically significant.

Results

K17 gene expression in EOC tissue and noncancerous tissue

K17 gene expression in EOC tissues and corresponding
noncancerous tissues was analyzed using qRT-PCR. In

Fig. 1 Relative gene expression of K17 in EOC tissues compared
to noncancerous tissues. The gene expression of K17 in EOC
tissues was much higher (1.56±0.47) than in noncancerous tissues
(0.52±0.23; p<0.001)

Fig. 2 Immunohistochemical
analysis of K17 in EOC
patients. a High K17
expression. b Low K17
expression. a, b Original
magnification ×200
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EOC tissues, the gene expression levels of K17 were sig-
nificantly higher (1.56±0.47) than in noncancerous tissues
(0.52±0.23; p<0.001; Fig. 1).

K17 protein expression in EOC tissue and noncancerous
tissue

The expression of K17 protein in archived EOC tissue
samples and noncancerous tissues was analyzed by immu-
nohistochemistry. We observed that 53.8 % (56/104) of the
EOC samples showed high K17 expression (Fig. 2). In
comparison, the rate of high K17 protein expression was
20 % (8/40) in noncancerous epithelial cells. The protein
expression level of K17 was markedly higher in EOC tis-
sues than the level in noncancerous tissues (p<0.001).

Association of K17 protein expression
with the clinicopathological features of EOC

The association between K17 expression and the clinico-
pathological features of pancreatic cancer was further ana-
lyzed, as shown in Table 1. We did not find a significant
association between K17 expression and age, pathological
grade, histological type, and residual tumor after surgery in
patients with EOC (p>0.05). Interestingly, we observed that
K17 expression was closely correlated with the clinical
stage (p=0.001) in patients with EOC.

Survival analysis

To investigate the prognostic value of K17 for EOC, we
assessed the association between K17 expression and sur-
vival duration using a Kaplan–Meier analysis with a logrank
test. The logrank test showed that the survival time of
patients with EOC was significantly different between the
groups with high K17 expression and low K17 expression
(p<0.001). In patients with EOC, the high K17 expression
group had a shorter survival duration compared to the low
K17 expression group (Fig. 3). To determine whether K17
expression is an independent prognostic factor for EOC, we
performed a multivariate survival analysis of K17 protein
expression and factors including age, clinical stage, patho-
logical grade, histological type, and residual tumor after
surgery in patients with EOC. The results showed that K17
protein expression was an independent prognostic factor for
EOC (Table 2).

Discussion

As the first leading cause of cancer death in female repro-
ductive system malignant tumors, EOC has no characteristic
early symptoms or tumor markers, leading to disappointing
clinical outcome. Overall survival rates remain poor despite
improvements in response rates. The clinical course of re-
mission and relapse is commonly seen in patients undergo-
ing therapy for EOC. Discovery and analysis of the genetic
changes and molecular events have contributed largely to a
better understanding of the molecular mechanisms of cancer
ontogenesis. Accordingly, it is of great significance to iden-
tify novel specific diagnostic or prognostic markers that
contribute to progression and metastasis of EOC.

K17 is a 46–47-kDa type I keratin that plays important
roles in fetal epidermal development, skin wound healing,
and dermal allergic reactions [12, 13]. Overexpression of
K17 is associated with specific pathological conditions in-
cluding psoriasis and various neoplasms [13]. Several stud-
ies have reported K17 expression in squamous cell
carcinoma arising from the oral cavity, esophagus, lung,
and uterine cervix [14–17]. In a gene expression profile

Fig. 3 The overall survival rate of EOC patients estimated according
to the K17 expression level in EOC tissue samples (Kaplan–Meier
method) with immunohistochemical staining (p<0.001)

Table 2 Univariate and multi-
variate analyses showing the
overall survival rate for patients
with EOC

RR relative risk, 95 % CI 95 %
confidence interval

Variables Univariate analysis Multivariate analysis

RR 95 % CI p value RR 95 % CI p value

K17 1.443 0.673–2.038 <0.001 1.531 0.736–2.213 <0.001

Age 0.864 0.483–1.783 0.456 1.023 0.563–1.839 0.533

Clinical stage 1.431 0.617–1.997 0.005 1.576 0.746–2.432 <0.001

Histological type 1.683 0.938–2.426 0.073 1.274 0.738–1.983 0.082

Residual tumor after surgery 1.562 0.733–2.183 0.653 1.374 0.673–1.938 0.237

1688 Tumor Biol. (2013) 34:1685–1689



study of breast carcinomas, expression of K5, K14, and K17
was associated with a basal epithelial-like subgroup of
breast cancer [18]. Several reports have also shown that
basal cell keratin expression is associated with poor prog-
nosis in invasive ductal breast carcinoma [19, 20].

In the present study, the overexpression of K17 gene and
protein in EOC was verified by real-time quantitative RT-
PCR and immunohistochemistry analysis, respectively. The
expression levels of K17 mRNA and protein in EOC tissues
were both significantly higher than those in noncancerous
tissues. In addition, K17 expression was analyzed by immu-
nohistochemistry in 104 clinicopathologically characterized
EOC cases. High K17 expression correlated with the clinical
stage (p=0.001). Furthermore, Kaplan–Meier survival anal-
ysis showed that a high expression level of EOC resulted in
a significantly poor prognosis of EOC patients. Multivariate
analysis revealed that K17 expression level was an indepen-
dent prognostic parameter for the overall survival rate of
EOC patients.

In this study, although our results demonstrate the aber-
rant expression and important clinical significance of K17 in
EOC patients, the exact mechanism of K17 upregulation in
EOC is still not clearly understood. In this context, further
studies are needed to determine the molecular mechanism of
K17 dysfunction in human ovarian carcinogenesis.

In conclusion, our data suggest for the first time that K17
overexpression is associated with advanced tumor progres-
sion and poor clinical outcome of EOC patients. K17might
be a novel prognostic marker of EOC.
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