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p28GANK overexpression is associated with chemotherapy
resistance and poor prognosis in ovarian cancer
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Abstract. The non-ATPase regulatory subunit 10 of the
human 26S proteasome (p28 GANK) has been implicated in
the tumorigenesis and progression of several types of malig-
nant tumor. The aim of the present study was to detect the
expression of p28GANK in ovarian cancer (OC) and investi-
gate its association with the clinicopathological features and
prognosis of OC. The expression levels of p28§GANK were
determined in 114 OC tissue samples and 30 normal ovarian
tissue samples using immunohistochemistry. An association
was observed between p28GANK overexpression and certain
clinicopathological factors, including advanced International
Federation of Gynecology and Obstetrics stage (P=0.042),
residual tumor size (P=0.005) and response to chemotherapy
(P<0.001). Furthermore, patients with high expression of
p28GANK demonstrated worse overall survival (OS) and
disease-free survival (DFS) rates compared with patients with
low expression of p28GANK (both P<0.001). Multivariate Cox
regression analysis revealed that overexpression of p28GANK
was an independent prognostic factor of OS and DFS in
patients with OC (P=0.013 and P=0.001, respectively). In
summary, the current results indicate that p28GANK may be a
predictive marker and a therapeutic target for OC.

Introduction

Ovarian cancer (OC) has the highest mortality rate of all gyne-
cological malignancies, with ~14,240 OC-associated mortalities
reported in the USA in 2016 (1). Due to a lack of methods for
early detection, almost 70% of patients present with an advanced
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stage of OC at diagnosis, resulting in a poor prognosis (2).
Therefore, the identification of potential markers and improved
understanding regarding the molecular mechanisms underlying
OC may facilitate the development of early detection approaches
and novel therapeutic strategies for patients with OC.

The 26S proteasome non-ATPase regulatory subunit 10
(p28GANK), which is localized on human chromosome Xq22.3,
is a small protein of 226 amino acids containing 7 ankyrin repeats.
This protein is a subunit of the 26S proteasome that specifi-
cally interacts with the S6b ATPase of the 19S regulator (3-5).
p28GANK promotes the hyperphosphorylation and degradation
of retinoblastoma (Rb), which releases the transcription factor
E2F-1 from the Rb repressor complex. Furthermore, p28GANK
binds to cyclin-dependent kinase 4 (CDK4) and prevents CDK4
inhibition by pl6NK4a, which accelerates cell cycle progres-
sion (5). p28GANK binds to the E3 ubiquitin protein ligase
MDM2, which enhances the ubiquitination and degradation
of cellular tumor antigen p53 (6). In addition, it has also been
demonstrated to regulate the nuclear factor-xB (7), signal trans-
ducer and activator of transcription 3 (STAT3) (8) and protein
kinase B (9) pathways. p28GANK serves an important role in
cell metastasis, proliferation and autophagy in cancer (8,10,11).
However, to the best of our knowledge, there is limited under-
standing regarding its expression and clinical significance in OC,
which the present study aimed to investigate.

Materials and methods

Patients. OC tissue samples were obtained from who were
surgically treated at the Third Affiliated Hospital of Harbin
Medical University (Harbin, China) between January 1999
and 2006. The exclusion criteria were as follows: i) Multifocal
carcinoma; ii) loss to follow-up [no overall survival (OS)
follow-up and/or progression data]; and iii) previous history
of cancer. Inclusion criteria were as follows: i) Presence
of ovarian serous carcinoma confirmed by pathological
examination; ii) complete basic clinical data; iii) absence of
any prior treatment for cancer; iv) no serious complications
or any other malignant disease; v) informed consent was
provided by the patients and family members prior to treat-
ment; and vi) complete cytoreductive surgery with no peri- or
postoperative (within 45 days after surgery) mortality. The
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Figure 1. Immunostaining of p28GANK. Representative immunostaining images of p28GANK in (A) normal ovarian tissues, (B) ovarian cancer tissues with
low expression, (C) ovarian cancer tissues with moderate expression and (D) ovarian cancer tissues with high expression. Magnification, x400. p28GANK, 26S

proteasome non-ATPase regulatory subunit 10.

cohort for analysis that met the inclusion criteria consisted of
114 patients. The mean age of the patients was 49 years (range,
28-76 years). Additionally, normal ovarian tissue samples were
acquired by endoscopy from non-tumor areas from 30 of the
patients with OC enrolled in the study. All tissue specimens
used in the current study were obtained with written informed
consent from the patients. The study protocol was approved by
the Ethics Committee of Harbin Medical University.

Immunohistochemistry (IHC). IHC was performed following
standard procedures as described previously (12). All samples
were confirmed to contain >80% tumor cells by three patholo-
gists. Formalin-fixed and paraffin-embedded tissue sections
(4-um thick) were dried out at 65°C for 2 h. Samples were
deparaffinized in xylene, and hydrated using a graded alcohol
series (70%, overnight; 80, 90 and 95% for 1 h each; and two
separate 10 min treatments in 100%. Subsequently, the tissue
blocks were placed in xylene for 10 min until the specimen
were transparent, after which the tissue blocks were placed in
xylene + paraffin and at 60°C for 2 h, to ensure the paraffin
completely penetrated the tissue. The dissolved paraffin was
poured into a metal frame, and the waxed tissue was placed
in the center of the metal frame and left to cool. The tissue
was sectioned into 5 yM thick slices and placed in a dish with
warm water. The unfolded tissue slices were placed on slides
and dried at 60°C 4 h. The sections were then treated with
3% H,0, at room temperature for 10 min and antigen retrieval
was performed in citrate buffer (pH 6.0) at 98°C for 10 min.
The tissue sections were incubated with anti-p28GANK
mouse polyclonal antibodies (cat. no. ab238999; 1:200 dilu-

tion; Abcam, Cambridge, UK) at 4°C overnight. Following
washing in PBS, the samples were incubated with biotinyl-
ated secondary antibody (cat. no. 14709; 1:1,500 dilution;
Cell Signaling Technology, Inc., Danvers, MA, USA) at room
temperature for 30 min and developed with diaminobenzadine
at room temperature for 5 min. As a negative staining control,
the primary antibody was replaced with PBS.

Each section was incubated in a 1:50 dilution of
anti-p28GANK antibody. An optical microscope (magnifica-
tion, x400) was used for assessment of IHC. The IHC reaction
was quantified by multiplying the staining intensity by the
percentage of positive tumor cells. In the cytoplasm, staining
intensity was graded as 0 (no staining), 1 (weak staining),
2 (moderate staining) or 3 (strong staining). The percentage
of the extent of reactivity was scored as follows: 0 (no positive
tumor cells), 1 (<10%), 2 (10-50%) and 3 (>50%). Each case
was scored independently and in a blinded manner by two
investigators. Final scores <4 were regarded as low expression
and the remainder were classified as high expression.

Follow up. All patients were followed until February 2015,
unless they succumbed prior to this date. The OS time was
defined as the interval from surgery to mortality or the date
of the most recent follow-up. Progression-free survival (PFS)
time was calculated from the date of surgery to the date of
relapse, including proven local recurrence or distant metas-
tasis, or the date of the most recent follow-up.

PrognoScan database analysis. The association between
p28GANK expression and survival in OC was analyzed
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Table I. p28GANK expression in normal and ovarian cancer
tissue samples.

P28GANK expression, n (%)

Category Low High P-value
Tissue type <0.001
Normal 20 (66.7) 10 (33.3)
Tumor 42 (36.8) 72 (63.2)

p28GANK, 26S proteasome non-ATPase regulatory subunit 10.

using the PrognoScan database (13) PrognoScan searches for
associations between gene expression and patient prognosis,
including OS and disease-free survival (DFS), across a large
collection of publicly available cancer microarray datasets,
were performed. The threshold was adjusted to a Cox P-value
<0.05.

GEPIA database analysis. Gene Expression Profiling
Interactive Analysis (GEPIA) (14) is a newly developed inter-
active web server for analyzing RNA sequencing expression
data from The Cancer Genome Atlas (TCGA) database (15).
The expression and survival analysis of p28GANK was
performed using GEPIA online software version 1.0. OC and
matched normal TCGA data and Genotype-Tissue Expression
(GTEXx) data were used for the expression analysis (16), and
log, (TPM+1) was used for the log-scale.

Statistical analysis. Statistical analysis was performed using
SPSS (version 18.0; SPSS Inc., Chicago, IL, USA). A Mann
Whitney-U test was used to compare two independent non-para-
metric samples. y* tests were used to assess associations
between p28GANK expression level and clinicopathological
features. Kaplan-Meier survival curves and log-rank tests were
used for survival analysis. Prognostic factors were evaluated
by univariate and multivariate analyses using Cox proportional
hazard regression models. P<0.05 was considered to indicate
a statistically significant difference. Kaplan-Meier survival
analysis was used on the Gene Expression Omnibus dataset
(GSE26712) using PrognoScan (12). Histological grading was
based on the World Health Organization Histological grading
system (17).

Results

P28GANK expression in OC and normal tissues. The expres-
sion level of p28GANK was higher in the cytoplasm of cancer
cells compared with normal tissues (Fig. 1). In the 30 normal
controls, only 10 samples (33.3%) exhibited a positive
P28GANK cytoplasmic staining. By contrast, of the 114 OC
specimens, positive cytoplasmic expression of p28GANK was
identified in 72 samples (63.2%; P<0.001; Table I).

P28GANK overexpression is associated with clinico-
pathological features. The association between the protein
expression of p28GANK and clinicopathological variables
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Table II. Association between p28GANK expression and
clinicopathological factors and of samples from patients with
ovarian cancer (n=114).

p28GANK
expression, n (%)
Variable n Low High P-value
Age, years 0.598

<50 36 12(33.3) 24 (66.7)

=50 78  30(38.5) 48 (61.5)

Omental 0.064
metastasis

No 27 14 (519) 13 (48.1)

Yes 87 28(322) 59(67.8)

Lymph node 0.765
metastasis

No 101  38(37.6) 63(62.4)

Yes 13 4 (30.8) 9 (69.2)

FIGO stage 0.042*

/11 17 10 (58.8) 7(41.2)

/v 97 32(33.0) 65(67.0)
Histological 0.553
grade

Gl1 28 9(32.1) 19(679)

G2/G3 86 33(384) 53(61.6)

Residual 0.005*
disease, cm

<2 98 41(41.8) 57(50.0)

>2 16 1(6.3) 15 (93.8)

Ascites 0.841

No 34 13(382) 21(61.8)

Yes 80 29(363) 51(63.8)
CA-125,U/ml 1.000

<35 12 4(33.3) 8 (66.7)

>35 102 38(37.3) 64(62.7)

Response to <0.001*
chemotherapy

Resistant 39 5(12.8) 34(87.2)

Sensitive 75 37(49.3) 38(50.7)
Histological 0.893
classification

Serous 71 30 (42.3) 41 (57.7)

Mucinous 18 6(33.3) 12 (66.7)

Endometrioid 20 9(450) 11(55.0)

Clear cell 5 2 (40.0) 3 (60.0)

*P<0.05. p28GANK, 26S proteasome non-ATPase regulatory subunit
10; FIGO, International Federation of Gynecology and Obstetrics;
CA-125, cancer antigen 125.

of OC are presented in Table II. p28GANK expression was
significantly associated with the International Federation
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Figure 2. OS and DFS analysis for patients with OC with high and low p28GANK expression. (A) OS and (B) DFS rate for all cases of OC; (C) OS and
(D) DFS rate for FIGO stage III-IV OC cases. All P<0.001. OS, overall survival; DFS, disease-free survival; OC, ovarian cancer; p28GANK, 26S proteasome
non-ATPase regulatory subunit 10; FIGO, International Federation of Gynecology and Obstetrics.

of Gynecology and Obstetrics (FIGO) stage (18) (P=0.042),
residual tumor size (P=0.005) and response to chemotherapy
(P<0.001). No significant associations were identified
between p28GANK expression and the other clinicopatho-
logical factors.

Association between p28GANK expression and survival time
of patients with OC. The 5-year survival curves stratified by
p28GANK expression are presented in Fig. 2. p28GANK
expression was revealed to be significantly associated with
OS (P<0.001) and DFS (P<0.001). A high expression level of
P28GANK was associated with worse OS and DFS times for
patients with OC. In addition, a FIGO-stratified analysis of all
patients was performed according to the level of p28GANK
expression. The results revealed that high expression of
p28GANK was associated with DFS and OS in patients with
FIGO III and IV OC (both P<0.001).

The Kaplan-Meier survival analysis demonstrated that
patients with high expression of p28GANK had significantly

shorter DFS (P=0.038) and OS (P=0.037) times using
the Gene Expression Omnibus dataset (GSE26712) from
PrognoScan (12) (Fig. 3). It was identified that p28§GANK
had no significant impact on and DFS (P=0.18) and OS time
(P=0.31; Fig. 4).

Univariate and multivariate analyses of prognostic variables
in patients with OC. Using univariate analysis, OS and DFS
times were revealed to be significantly associated with high
p28GANK expression (both P<0.001), omental metastasis
(P=0.011 and P=0.001, respectively), FIGO stage (P=0.007
and P=0.005, respectively), residual tumor size (both P<0.001)
and response to chemotherapy (both P<0.001) (Table III).
The multivariate analysis revealed that high expres-
sion of p28GANK (P=0.013), residual tumor size (P<0.010)
and response to chemotherapy (P=0.015) were independent
prognostic factors for OS in patients with OC (Table IV).
Furthermore, it indicated that high expression of p28GANK
(P=0.001), histological grade (P=0.010), residual tumor size
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Figure 3. PrognoScan analysis of the OS and DFS times for patients with OC with high and low p28GANK expression. OS (P=0.037) and DFS rate (P=0.038)
for all cases of OC. Dashed lines indicate the 95% confidence interval. OS, overall survival; DES, disease-free survival; OC, ovarian cancer; p28GANK, 26S

proteasome non-ATPase regulatory subunit 10.
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Figure 4. Analysis of OS and DFS times in ovarian cancer by Gene Expression Profiling Interactive Analysis. p28GANK expression was not associated with
(A) OS (P=0.31) and (B) DFS (P=0.18). Dashed lines indicate the 95% confidence interval. OS, overall survival; DFS, disease-free survival; p28GANK, 26S
proteasome non-ATPase regulatory subunit 10; HR, hazard ratio; PSMDI10, proteasome 26S subunit non-ATPase 1; TPM, transcript per million.

(P=0.009) and response to chemotherapy (P<0.001) were
independent prognostic factors for DFS time in these patients
(Table IV).

Discussion

The present study first analyzed the expression levels of
p28GANK by IHC, revealing that it was higher in OC tissues
compared with normal tissues. This finding is consistent with
the results of previous studies (19).

A high p28GANK expression level has also been reported
in several other types of cancer, including lung cancer, pancre-
atic cancer, colorectal cancer, esophageal squamous cell
carcinoma, mammary carcinoma, endometrial carcinoma and
hepatocellular carcinoma (10,12,20-24)

To further characterize the clinical prognostic implications
of p28GANK, the present study analyzed the associations
between p28GANK expression and the clinicopathological
features and prognosis of patients with OC. The THC results
indicated significant associations between the expression of
p28GANK and FIGO stage, residual disease and response to
cisplatin-based chemotherapy. In addition, a significant asso-
ciation was revealed between the expression of p28GANK and
poor prognosis for OC.

Chen et al (19) identified that a high expression level of
P28GANK was positively associated with clinical stage and

serum cancer antigen 125 levels, and negatively associated
with tumor grade. Furthermore, high levels of p28GANK
expression were associated with a poor prognosis and early
relapse. In addition, a high expression level of p28GANK
has been demonstrated to be associated with primary tumor,
lymph node metastasis, clinical stage and poor prognosis
in esophageal squamous cell carcinoma (22). In breast
cancer, p28GANK overexpression has been associated
with lymph node metastasis. Knockdown of p28GANK
has been reported to inhibit tumor metastases to the lungs
in animal models (23). Furthermore, p28GANK expression
was revealed to be significantly higher in cases of hepato-
cellular carcinoma with increased tumor size and distant
metastases (8). A similar observation has also been reported
for colorectal cancer (21). In summary, these findings indi-
cate a significant role of p28GANK in tumor metastasis and
progression.

Higashitsuji et al (4) first identified p28GANK as an
oncogenic protein that is overexpressed in hepatocellular
carcinoma. This protein controls the phosphorylation of
Rb by CDK4 and promotes the ubiquitination of p53 by
MDM2 (3,6). Man et al (10) revealed that p28GANK serves
an essential role in Ras-initiated tumorigenesis in human
lung cancer. It may decrease cancer cell focal adhesions
by regulating the activity of Ras-related C3 botulinum
toxin substrate 1, resulting in metastasis (23). p28GANK
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Table III. Univariate and multivariate analyses for overall survival.

Univariate analysis

Multivariate analysis

Variable HR 95% CI P-value HR 95% CI P-value
Age, years (<50 vs. =50) 1.353 0.867-2.113 0.183 1.052 0.660-1.676 0.832
Omental metastasis (no vs. yes) 1.926 1.163-3.190 0.011* 1.271 0.603-2.682 0.528
Lymph node metastasis 1.130 0.617-2.071 0.692 1.399 0.700-2.797 0.342
(absent vs. present)

FIGO stage (I/ I vs. III/ IV) 2.480 1.285-4.787 0.007* 1434 0.558-3.687 0.454
Histological grade 1.156 0.718-1.862 0.550 1.622 0.972-2.706 0.064
(G1 vs. G2/G3)

Residual disease, cm (<2 vs. >2) 6.715 3.748-12.032 <0.001* 2.408 1.237-4.687 0.010*
Ascites (no vs. yes) 1.464 0.938-2.285 0.093 1.184 0.729-1.922 0.495
CA-125, U/ml (=35 vs. >35) 1.125 0.564-2.243 0.739 0.794 0.379-1.665 0.542
Response to chemotherapy 0.202 0.130-0.315 <0.001* 0.276 0.161-0.472 <0.001*
(resistant vs. sensitive)

p28GANK (low vs. high) 2.535 1.650-3.895 <0.001* 1.818 1.137-2.908 0.013*

*P<0.05. HR, hazard ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; CA-125, cancer antigen 125;
p28GANK, 26S proteasome non-ATPase regulatory subunit 10.

Table I'V. Univariate and multivariate analyses for disease-free survival.

Univariate analysis

Multivariate analysis

Variable HR 95% CI P-value HR 95% CI P-value
Age, years (<50 vs. =50) 1.184 0.773-1.813 0.438 0.982 0.632-1.523 0.934
Omental metastasis (no vs. yes) 2.286 1.389-3.761 0.001* 1.735 0.806-3.738 0.159
Lymph node metastasis 0.960 0.535-1.721 0.890 0.865 0.444-1.683 0.699
(absent vs. present)

FIGO stage (I/I1 vs. II/IV) 2.395 1.301-4.409 0.005* 1.036 0.418-2.564 0.940
Histological grade 1.305 0.810-2.101 0.274 1.962 1.174-3.278 0.010*
(G1 vs. G2/G3)

Residual disease, 7.351 3.980-13.577 <0.001* 2.709 1.277-5.747 0.009*
cm (<2 vs. >2)

Ascites (no vs. yes) 1.412 0.921-2.165 0.114 1.077 0.676-1.718 0.754
CA-125, U/ml (<35 vs. >35) 1.579 0.792-3.147 0.194 1.443 0.676-3.080 0.343
Response to chemotherapy 0.013 0.003-0.053 <0.001* 0.014 0.003-0.061 <0.001*
(resistant vs. sensitive)

p28GANK (low vs. high) 3.126 2.027-4.821 <0.001* 2.390 1.459-3914 0.001*

*P<0.05. HR, hazard ratio; CI, confidence interval; FIGO, International Federation of Gynecology and Obstetrics; CA-125, cancer antigen 125;
p28GANK, 268 proteasome non-ATPase regulatory subunit 10.

promotes tumor growth and metastasis in hepatocarcinogen-
esis via the phosphoinositide 3-kinase (9), STAT3 (8) and
[B-catenin (11) signaling pathways. Further investigation has
confirmed that overexpression of p28GANK enhances the
epithelial-mesenchymal transition, which is defined as the
switching of polarized epithelial cells to a migratory fibro-
blastoid phenotype, strengthening matrix metalloproteinase
2 activity, and increasing vascular endothelial growth factor

expression (8,9). Therefore, p28GANK may promote cancer
metastasis in numerous ways.

Patients with OC have been treated with carboplatin
since 1989 (25). To the best of our knowledge, the present
study is the first to report that p28GANK overexpression
was associated with the response to platinum-based chemo-
therapy and the OS time of patients with OC. Accumulating
data suggest that cancer stem cells (CSCs) exhibit a higher
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capacity for self-renewal and chemoresistance. Sun et al (26)
identified that p28GANK mediates the dedifferentiation of
hepatocytes via a hepatocyte nuclear factor 4 a-dependent
mechanism. The decrease in p28GANK levels leads to
a significant decrease in the proportion of CSCs and the
degradation of octamer-binding transcription factor 4 in
hepatoma cells (27). p28GANK has also been reported to
be significantly associated with prominin-1 and Nanog in
colorectal cancer (28). These data suggest that p28GANK
may stimulate cancer cell stemness, resulting in resistance
to cisplatin chemotherapy.

A previous study suggested that p28GANK inhibits
apoptosis in hepatocellular carcinoma cells by enhancing the
adaptive response and endoplasmic reticulum chaperone BiP
expression under endoplasmic reticulum stress conditions (29).
Furthermore, it increases resistance to apoptosis and enhances
autophagy with sorafenib treatment (30). In summary, these
findings indicate that p28GANK may be a therapeutic target
for OC and a p28GANK inhibitor is likely to enhance the
effects of cisplatin chemotherapy.

Chen et al (19) identified that p28GANK can promote
OC cell proliferation. Consistent with this study, the present
findings revealed that high expression of p28GANK was
associated with FIGO stage and drug resistance. Therefore,
p28GANK may promote tumor progression by enhancing
resistance to treatment and may be a valuable therapeutic
target.

In conclusion, the current study demonstrated high
expression levels of p28GANK in OC. This expression was
associated with FIGO stage, residual tumor size, response
to chemotherapy, and poor OS and DFS. The present results
highlight the importance of p28GANK in the progression of
OC, and suggest that it may be a potential prognostic marker
and therapeutic target for the improvement of OC clinical
management.
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