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Expression of USP7 and MARCH?7 Is Correlated with Poor
Prognosis in Epithelial Ovarian Cancer
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Epithelial ovarian cancer (EOC) is one of the worst malignancies in females with poor overall survival due
to the rapid metastasis and the absence of ideal biomarkers. Ubiquitin-specific protease 7 (USP7), an
important deubiquitinating enzyme, was reported to be upregulated in several cancers, including liver,
prostate and colon cancers. Membrane associated RING-CH protein 7 (MARCH?7) belongs to the member
of the E3 ubiquitin ligases. In addition, MARCH?7 regulates T cell proliferation and the neuronal
development and participates in the membrane trafficking and protein degradation. Importantly, MARCH7
itself is ubiquitinated and acts as a potential substrate of USP7. However, the roles of USP7 and MARCH7
in EOC remain to be investigated. We collected 121 EOC patients and analyzed the expression levels of
USP7 and MARCH?Y in tumor tissues with immunohistochemical staining. We found that the high
expression of the two proteins was correlated with lymph node metastasis in EOC patients. Univariate and
multivariate analyses revealed that the patients with high expression of the two proteins showed poorer
prognosis compared with other patients. Subsequently, using SKOV3 human ovarian adenocarcinoma
cells, we showed that either USP7 or MARCH?7 enhanced the proliferation and invasion abilities. Moreover,
USP7 could regulate the expression levels of E-cadherin and -catenin through the MARCH7 signaling
pathway. Our findings indicate that USP7 and MARCH?7 are involved in the progression of EOC. In
conclusion, analyzing the expression of USP7 and MARCH7 has high prognostic value in predicting EOC

prognosis.
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Introduction

Ovarian cancer is a highly mortality gynecologic
malignancy, ranking the 5" leading cause of cancer death in
women, with 140,200 deaths reported annually worldwide
(Jemal et al. 2011; Siegel et al. 2013). Epithelial ovarian
cancer (EOC) makes up for 85-90% of the ovarian cancers,
accounting for the 2™ most frequent gynecologic cancer
(Ross et al. 2013; Chudecka-Glaz 2015). In most cases,
ovarian cancers are diagnosed at stage III or IV and usually
has a poor outcome due to the complete absence of specific
symptoms as well as the strong metastatic capacity and high
recurrence possibility, the 5-year overall survival rate of
EOC patients with advanced stage was less than 30% (Lowe
et al. 2013). Various prognostic factors for ovarian cancer
can reflect its intrinsic biology (e.g., pathological grade and
histological subtype), cancer stage, residual disease as well
as the performance status (Holschneider and Berek 2000;
Clark et al. 2001; Agarwal and Kaye 2005). Figuring out
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an ideal biomarker of ovarian cancer at the molecular level
could be helpful to predict the prognosis of EOC patients
and may provide novel therapies that are more appropriate.
Ubiquitination plays a critical role in diverse cellular
functions, such as regulating the ubiquitin-mediated protea-
somal degradation (Hershko and Ciechanover 1998) and
regulates the sorting of substrates by the endocytic route to
lysosomes (Hicke 1997). The E3 ubiquitin ligase contains
either HECT domains or RING domains (Joazeiro and
Weissman 2000). The RING domain is a kind of zinc-fin-
ger motif that is characterized by a conserved sequence of
cysteines and histidines, such as the RING-finger (C3HC4)
and RING-H2-finger (C3H2C3). The leukemia associated
protein domain (LAP) or the plant homeodomain (PHD) is
a motif related to the RING-finger structurally (Aasland et
al. 1995; Saha et al. 1995), which is distinguished by the
C4HC3 sequence. BKS domain is one subclass of the
PHD/LAP domain, discovered in poxvirus, herpesviruses
and several eukaryotic genomes (Nicholas et al. 1997). The
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sequence and function of the BKS is similar to the RING
and RING-H2 fingers, so the BKS subtype of the PHD/LAP
motifs is also called RING-CH (Swanson et al. 2001).
Thus, the membrane associated RING-CH proteins
(MARCH) belong to the E3 ubiquitin ligases, and MARCH
family consist 11 members in mammals (Bartee et al. 2004;
Lehner et al. 2005; Ohmura-Hoshino et al. 2006; Morokuma
et al. 2007). Besides the ubiquitination, MARCH proteins
play numerous cellular functions, including membrane traf-
ficking, immune regulation, protein degradation, and sper-
matogenesis. As a member of MARCH family, MARCH7
is highly expressed in neurons, stem cells, and lymphocytes
(Ramalho-Santos et al. 2002; Su et al. 2002; Szigyarto et al.
2010). It has been reported that MARCH?7 plays a crucial
role in the T cell proliferation and the neuronal develop-
ment (Muthukumarana et al. 2006). Recently, it has been
demonstrated that the MARCH?7 is associated with the
oncogenesis of the ovarian carcinoma (Hu et al. 2015),
indicating this specific ubiquitin ligase can play important
roles in the cancer.

The ubiquitin ligases can also be ubiquitinated as sub-
strates and be degraded as a consequence, which keeps the
balance of its quantity. The auto-ubiquitination of
MARCHY7 can decrease its protein level, and maintain nor-
mal metabolism. However, there also exist enzymes that
can deubiquitinate proteins, for example, USP7 (the
Herpesvirus Associated USP, HAUSP), the deubiquitinating
enzyme, can deubiquitinate MARCH?7 as reported by
Nathan et al. (2008). USP7 can deubiquitinate various
tumor suppressors (p53, PTEN), E3 ligases (MDM?2/
MDMX, viral proteins ICP0) and the chromatin-associated
proteins (the histone H2B, UHRF1 and Tip60), therefore
controlling important cellular functions involving in the
tumorigenesis (Everett et al. 1997; Li et al. 2004; Song et
al. 2008; Hussain et al. 2009; Faesen et al. 2011). It has
been reported that USP7 was upregulated in many tumors,
such as prostate cancer, colon cancer, hematoma, and lung
cancer (Song et al. 2008; Hussain et al. 2009; Chen et al.
2015).

However, the expression of USP7 in EOC has not been
investigated; there has been no study illustrating the role of
USP7 in the tumorigenesis, metastasis, and the prognostic
significance of EOC. In addition, the association of USP7-
MARCHT7 ubiquitin-regulation with EOC has not been
reported. In the current study, we explored the expression
of MARCH?7 and USP7 in ovarian cancer cell lines and
clinical tissues, and then analyzed the role of these two pro-
teins in the EOC tumorigenesis, metastasis, and their prog-
nosis value. The combination of these two biomarkers is
helpful to identify the prognosis much better than either the
only one. We further performed experiments to explore the
underlying mechanism, showing that the expression level
of MARCHY7 can be regulated by USP7, and the function of
USP7 in the cell proliferations and cell invasion capacity
can be at least partially regulated by its downstream signal
molecular MARCH7.

Patients and Methods

Patients

A total of 121 patients diagnosed with primary serous ovarian
cancer between 2000 and 2014 from Yidu Central Hospital of
Weifang and Women & Children’s Health Care Hospital of Linyi
were enrolled for this retrospective analysis. This study was reviewed
and approved by the Clinical Research Ethics Committee of Women
& Children’s Health Care Hospital. All the resected tumor tissues
were embedded with paraffin. Additional seven fresh paired tumor
tissues and adjacent normal ovarian tissues were kept at —180°C lig-
uid nitrogen freezers before use. Signed informed consent forms
were obtained from all subjects who participated in the study. In all
cases, the following parameters were collected: age, pathological
grade, FIGO stage (International Federation of Gynecology and
Obstetrics), serum CA-125 level and lymphatic invasion. None of the
patients received pre-operative chemotherapy or radiotherapy. Patient
outcome was evaluated as the months of survival from the date of
tumor resection up to June 2014 or the date of last follow-up.

Immunohistochemistry

Paraffin-embedded samples were cut into sections and de-
waxed and rehydrated using a graded series of ethanol, followed by
microwave antigen retrieval. After blocked with 0.3% hydrogen per-
oxidase, sections were incubated overnight at 4°C with MARCH7
(1:100, bs-9341R, Bioss, Beijing, China) or USP7 primary antibody
(ab4080, Abcam, USA). Fetal bovine serum (FBS) was used as the
negative control. Immunostaining was conducted using the DAB kit.
The sections were then followed with hematoxylin staining, dehy-
drated, cleared, and mounted.

Semi-quantitative analysis of immunohistochemistry results

All the immunostained slides were revised and scored by two
pathologists blinded to the clinical parameters, separately. The
MARCH?7 positivity was defined as cytoplasm staining, while the
USP7 positivity was defined as the nuclear staining with correspond-
ing antigens. For the staining assessment, staining intensity was
graded as score 0 (negative), 1 (weak, pale yellow), 2 (moderate, dark
yellow), and 3 (strong, brown). The percentage of the positive cells
was also scored as 0 (0-5%), 1 (5-25%), 2 (26-50%) and 3 (51-100%).
The final immunoreactivity score (IRS) was calculated by multiplying
the intensity and percentage scores (range: 0-9). Then we chose IRS
= 4 as the cut-off score for the evaluation of MARCH?7 or USP7
expression, and the following values were considered as the high
expression group: MARCH7 > 4.0 and/or USP7 > 4.0.

Cell Culture and transfection

SKOV3 cells (the human ovarian adenocarcinoma cell line)
were obtained from ATCC and cultured in RPMI 1640 supplemented
with 10% FBS, penicillin and streptomycin. The full length (FL,
1-1102) and low-activity truncation (1-1050) (Ma et al. 2010) of
human origin USP7 gene was constructed in the pcDNA3.1 vector
(pcDNA3.1-USP7 and pcDNA3.1-USP7-1-1050), respectively. Cells
were transfected with pcDNA3.1-plasmids (pcDNA3.1-vector,
pcDNA3.1-USP7, pcDNA3.1-MARCH?7) or siRNAs using
Lipofectamine™ 2000 Transfection Reagent (Thermo Fisher
Scientific, USA).

The siRNA for USP7 and MARCH7 were purchased from
Shanghai Gene Pharma Co., Ltd. (Shanghai, China), the siRNA
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sequences were as followed:

Scrambled siRNA: 5'-UUCUCCGAACGUGUCACGUATAT-3";

USP7: 5-ACCCUUGGACAAUAUUCCUTAT- 3’ (Chen et al.
2015);

MARCH7: 5'-GCACACGUGUCCGAUUUAU-3" (Hu et al.
2015).

Cell Viability Assay

The SKOV3 cell viability was evaluated 24 hours after transfec-
tion (scrambled siRNA, pcDNA3.1-vector, pcDNA3.1-USP7,
pcDNA3.1-MARCH7, USP7 siRNA, MARCH?7 siRNA, respec-
tively.) using the Presto-Blue Cell Viability Reagent (Invitrogen, Life
Technologies, USA) according to the instructions. The fluorescence
was then measured at wavelength of 560 nm and 590 nm using micro-
plate reader. Higher fluorescence represents higher total metabolic
activity.

Matrigel invasion assay

Invasion of SKOV3 cells was evaluated by the Matrigel inva-
sion assays using 8 um Matrigel-coated transwells (BD Biosciences,
USA). A total of 2 x 10° cells were seeded into the upper chamber
side, while the lower chambers were filled with 700 xl RPMI 1640
containing 10% FBS. After cultured for 12 hours at 37°C, the inva-
sive cells on the lower chamber were fixed with 4% paraformalde-
hyde, stained with 0.05% crystal violet, and counted under micro-
scope. Five fields were counted and photographed for each transwell
chamber at 200x magnification.

Western blot analysis

The clinical tumor tissues and adjacent normal ovarian tissues
were lysed with RIPA lysis buffer, while the cultured ovarian cancer
cells were lysed with NP-40 lysis buffer (Beyotime Biotechnology,
Shanghai, China), and then centrifuged at 12,000 rpm for 15 minutes
at 4°C. Then quantified the concentration of supernatant with
Bradford detection kit. Equal amount of protein (about 10 ug) was
loaded in the SDS-PAGE gel, then transferred to NC membrane
(PALL Company, USA) and incubated with primary antibody (1:
1,000) overnight at 4°C. After washed by Tris-buffered saline (TBS)
for 3 times, the NC membrane was incubated in secondary antibody
(1: 5,000) for 1 hours at 37°C and subsequently visualized by ECL
(Santa Cruz biotechnology, USA).

Immunoprecipitation assay

For immunoprecipitation assay, after transfected (pcDNA3.1-
vector, pcDNA3.1-HA-tagged-USP7-FL, pcDNA3.1-HA-tagged-
USP7-1-1050) and cultured for 48 hours, cells were harvested and
lysed in 4°C for 30 min. After centrifugation at 12,000 rpm for 15
min, anti-HA-Agarose antibody (Sigma, USA) were added to the
supernatant and binding for 4 hours in 4°C. Then wash the beads
with lysis buffer for three times, added 2 x SDS loading buffer onto
the precipitated HA-beads and analyzed by immunoblotting.

Immunofiuorescence

Briefly, cells (transfected with pcDNA3.1-MARCH7 or
MARCH7 siRNA) were fixed with 4% formaldehyde and then per-
meabilized by 0.5% Triton-100. Expression of E-cadherin and
f-catenin were detected with primary antibodies as well as the fluoro-
phore-conjugated isotype-specific and affinity cross-adsorbed anti-
bodies. Nucleus was finally stained with DAPI. Immunofluorescence

were observed using the Olympus fluorescence microscope.

Statistical Analysis

Survival curves were plotted by the Kaplan-Meier analysis, and
the significant differences between subgroups were calculated with
the log-rank test. Cox proportional hazard model was used to per-
form realize the multivariate survival analysis. The correlation
between MARCH7 and USP7 protein expression was determined
using Spearman’s test. Differences were considered significant when
the P value was less than 0.05 (two-side). All statistical analyses
were managed using the SPSS 22.0 statistical software package
(Chicago, IL, USA).

Results

Patients characteristics

Of the 121 EOC cases aging from 46 to 75 years
(median 54.0 years), 85 patients (70.2%) were diagnosed
with pathological grade I or grade II, the other 36 patients
(29.8%) with grade III; and 45 patients (37.2%) with FIGO
stages I~II and 76 patients (62.8%) with stage III~IV. The
lymph node metastasis was positive in 60 patients (49.6%).
Overall survival time was defined as the length from the
date of surgery to the date of death or the last visit. The
5-year overall survival rate of the cases was 52.0% and the
median survival time was 72.0 months. Table 1 exhibits the
parameters characteristics of these cases.

USP7 and MARCH?7 proteins are up-regulated in human
serous ovarian cancer tissues

We performed the Western blot analysis and immuno-
histochemical (IHC) staining to verify the expression pat-
terns of USP7 and MARCH?7 in ovarian cancer tissues.
Increased USP7 and MARCH?7 protein level was found in
six of seven serous ovarian cancer tissues compared with
adjacent non-tumorous ovarian tissue (from patient #1-#7,
Fig. 1A). IHC results also demonstrated the immunoreac-
tivities of USP7 in the nucleus while the MARCH?7 protein
in the cytoplasm. According to the IHC score criteria
described in the methods, the protein level was divided into
high expression (Fig. 1C, E, both from patient #4) and low
expression (Fig. 1B, D). Of the 121 EOC tissues investi-
gated, 56 cases (46.3%) were regarded as USP7-high
expression and 51 cases (42.1%) with MARCH7-high
expression (Table 1). Moreover, the Spearman correlation
analysis revealed a corresponding correlation between
USP7 expression and MARCH7 expression in EOC (R* =
0.577; P<0.001, Fig. 1F).

Expression of USP7 and MARCHY7 is associated with tumor
progression

To further illustrate the significance of USP7 and
MARCH?7 expression in ovarian cancer, we analyzed the
associations between upregulation of the two proteins with
the clinicopathological characteristics of EOC (Table 1).
We found that high expression of USP7 and MARCH?7
were both significantly correlated with the lymph node
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Fig. 1. Expression of USP7 and MARCH?7 in clinical ovarian cancer samples.

(A) The expression of USP7/MARCH?7 in seven paired samples of EOC tissues versus adjacent normal ovarian tissues
was measured by western blot. AN: Tumor adjacent non-tumorous tissue; T: Tumor tissue. (B) Low USP7 expression:
in this case, the score of staining intensity is 1 and the score of positive cell percentage is 0. So the total score is 0
(calculated by score of staining intensity multiplying the score of positive cell percentage), indicating USP7 low-expres-
sion. (C) IHC staining of USP7 from tumor tissues of patient #4 in (A): the score of staining intensity is 3 and the score
of positive cell percentage is 3. Total score is 9 and indicated USP7 high-expression. Arrows pointed the strong IHC
nucleus staining. (D) Low MARCH?7 staining: the score of staining intensity is 0 and the score of positive cell percent-
age is 0. Total score is 0 and defined as MARCH7 low-expression. (E) IHC staining of MARCH7 from tumor tissues
of patient #4 in (A): the score of staining intensity is 2 and the score of positive cell percentage is 3. Total score is 6 and
indicated MARCH?7 high-expression. Arrows pointed the strong IHC cytoplasm staining. (F) The relationship between
USP7 and MARCH?7 expression in EOC patients. The Spearman correlation analysis revealed a corresponding correla-
tion between USP7 overexpression and MARCH?7 overexpression (n = 121, R* = 0.577; P < 0.001).

Scale bar: 100 um.
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Table 1. Basic clinicopathologic parameters of patients and the correlation with USP7 and MARCH?7 expression.

Variables Cases USP7 expression P value MARCH?7 expression P value
(n=121) Low (n, %) High (n, %) Low (n, %) High (n, %)

Age (years) 0.794 0.259

<60 85 45 (52.9%) 40 (47.1%) 52 (61.2%) 33 (38.8%)

> 60 36 20 (55.6%) 16 (44.4%) 18 (50.0%) 18 (50.0%)

Pathological grade 0.597 0.742

Gl ~G2 85 47 (55.3%) 38 (44.7%) 50 (58.8%) 35 (41.2%)

G3 36 18 (50.0%) 18 (50.0%) 20 (55.6%) 16 (44.4%)

FIGO stage 0.290 0.023*

I~1I 45 27 (60.0%) 18 (40.0%) 32 (71.1%) 13 (28.9%)

mr~1v 76 38 (50.0%) 38 (50.0%) 38 (50.0%) 38 (50.0%)

CA-125 0.523 0.175

<900 61 31 (50.8%) 30 (49.2%) 39 (63.9%) 22 (36.1%)

>900 60 34 (56.7%) 26 (43.3%) 31 (51.7%) 29 (48.3%)

LN metastasis 0.008* 0.036*

No 61 40 (65.6%) 21 (34.4%) 41 (67.2%) 20 (32.8%)

Yes 60 25 (41.7%) 35 (58.3%) 29 (48.3%) 31 (51.7%)

The associations were evaluated with chi-square test.
*statistically significant
FIGO, International Federation of Gynecology and Obstetrics; USP7, ubiquitin-specific protease 7;
MARCH7, membrane associated RING-CH protein 7.
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Fig. 2. The combination of USP7 and MARCH?7 expression level in carcinoma tissues was found to enhance the accuracy of
predicting prognosis for EOC patients. (A) Compared with USP7-high expression group, the overall survival was sig-
nificantly better in the USP7-low expression group. (B) Positive expression of MARCH?7 has significant negative asso-
ciation with overall survival. (C) Positive expressions of combined USP7/MARCH?7 showed better prognostic value for

EOC patients.

metastasis (P = 0.008, P = 0.036, respectively), and the
MARCHY7 higher expression level indicated more advanced
FIGO stages (P = 0.023, Table 1). There was no statisti-
cally significant association of USP7 or MARCH7 with
patients’ age, pathological grade or the CA-125 level.

Univariate and multivariate analyses
The overall survival rate was calculated to find prog-
nostic factors by univariate analysis. The Kaplan-Meier

analysis demonstrated that patients with high USP7 overex-
pression showed poorer overall survival than those with
low USP7 expression tumors (P = 0.005, Fig. 2A, Table 2).
On the other hand, the high expression of MARCH7 was
also significantly associated with poor overall survival (P =
0.002, Fig. 2B, Table 2). With regard to the combined
expression of USP7 and MARCHY proteins, we divided the
patients into three subgroups: group 1, patients exhibiting
high expression of USP7 and MARCH?7 in the EOC tissues
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Table 2. Kaplan-Meier survival analysis.

Variables Cases Overall survival time (months) P value
(n=121) Mean 5-year survival rate

Age (years) 0.030*

<60 85 82.7 68.7%

> 60 36 61.3 49.5%

Pathological grade 0.003*

Gl ~G2 85 83.9 72.6%

G3 36 55.2 41.7%

FIGO stage <0.001*

I~1 45 104.1 92.5%

I ~1v 76 57.9 44.8%

Preoperative CA125 0.662

<900 61 80.3 57.5%

>900 60 74.8 67.5%

Lymph node metastasis <0.001*

No 61 96.8 86.9%

Yes 60 55.3 40.3%

USP7 expression 0.005*

Low expression 65 87.0 70.6%

High expression 56 63.3 52.0%

MARCH?7 expression 0.002*

Low expression 70 88.9 72.5%

High expression 51 58.7 48.5%

Both USP7 and MARCH7 <0.001*

high expression

No 94 88.0 66.6%

Yes 27 48.4 46.1%

The overall survival rate was evaluated with Kaplan-Meier survival analysis; the
univariate results was performed by log-rank test.

*statistically significant.

FIGO, International Federation of Gynecology and Obstetrics; USP7, ubiquitin-
specific protease 7; MARCH?7, membrane associated RING-CH protein 7.

(USP7-high/MARCH7-high, 27 patients); group 2, patients
with tumors showing different expression of USP7 and
MARCH7 (USP7-high/MARCH7-low or USP7-low/
MARCH?7-high, 53 patients); and group 3, patients with
low expression of the both proteins (USP7-low/MARCH?7-
low, 41 patients). Notably, there was a significant trend of
the worst overall survival in patients with high expression

of both USP7 and MARCH?7 (P < 0.001, Fig. 2C, Table 2),
and the overall survival for patients in group 2 (USP7-high/
MARCH?7-low or USP7-low/MARCH?7-high) was worse
than those in group 3, and were also statistically different
from those in group 1 (Fig. 2C). Besides, the USP7 and
MARCHY7 expression levels, other clinicopathological fac-
tors including age, pathological grade, FIGO stage, and the
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Table 3. Cox multivariate analysis of the clinicopathological parameters for overall survival.

Variables Hazard ratio  95% Confidence Interval P value
Age 1.494 0.852 ~2.619 0.161
> 60 vs. < 60 years

Pathological grade 1.670 0.929 ~ 3.000 0.086
G3 vs. G1~G2

FIGO stage 2.655 1.322 ~ 5.331 0.006*
HI~IVvs. I~11

Lymph node metastasis 1.994 0.985 ~ 4.034 0.055
Positive vs. Negative

USP7 expression 2.957 1.356 ~ 6.448 0.006*
High vs. Low

MARCH?7 expression 3.069 1.377 ~ 6.840 0.006*
High vs. Low

Both USP7 and MARCH?7 high expression 3.181 1.108 ~ 9.135 0.032*

Yes vs. No

Multivariate analysis was performed with the hazards regression model.

*statistically significant.

FIGO, International Federation of Gynecology and Obstetrics; USP7, ubiquitin-specific protease
7; MARCH?7, membrane associated RING-CH protein 7.

lymph node metastasis were all dramatically associated
with the overall survival, as indicated by the Kaplan-Meier
survival analysis (Table 2).

In multivariate analysis, the Cox proportional hazards
model showed that advanced FIGO stages (P = 0.006), high
USP7 protein expression (P = 0.006), high MARCH?7 pro-
tein expression (P = 0.006), as well as the combination of
USP7 and MARCH?7 protein level (P = 0.032) were all the
independent prognostic factors for the overall survival in
EOC patients (Table 3).

USP7 and MARCH?7 can regulate the cell proliferation and
invasion

We performed the overexpression and knock-down
experiments to evaluate the functions of USP7 and
MARCH?7 in ovarian cancer cells. The transfection effi-
ciency was checked with Western blot analysis (Fig. 3A).
As shown in Fig. 3B, the knock-down of either USP7 or
MARCH?7 can inhibit the viability of the SKOV3 cells,
while the overexpression of USP7 or MARCH7 can
enhance their proliferation. Similar results were observed
on the aspect of the cell invasion ability, showing both
USP7 and MARCH?7 can positively regulate the cell inva-
sion (Fig. 3C).

The signaling axis of USP7-MARCH?7-E-cadherin/[-catenin

In addition, we carried out the experiments to investi-
gate the underlying signaling pathways. Through in vitro
studies, we found that the expression levels of MARCH?7
and f-catenin can be positively regulated by USP7, but
E-cadherin expression was downregulated (Fig. 4A).
Interestingly, when MARCH7 was knocked-down by
siRNA, the effects of USP7 on E-cadherin and f-catenin
expression was attenuated (Fig. 4A). To verify the interac-
tion between USP7 and MARCH?7, we constructed a low-
activity USP7 truncation (pcDNA3.1-HA-tagged-USP7-
1-1050) (Ma et al. 2010) without changing its substrate-
binding affinity and over-expressed it in the SKOV3 cells.
Immunoprecipitation results showed that both USP7-FL
and USP7-1-1050 could pull-down MARCH?7 (Fig. 4B). In
addition, the immunofluorescence experiments confirmed
that overexpression of MARCH?7 can increase the expres-
sion level of f-catenin but down-regulate the expression of
E-cadherin. On the other hand, MARCH7-siRNA showed
the opposite effects (Fig. 4C).

Discussion

The ubiquitin-mediated protein down-regulation plays
critical roles in maintaining protein level and the normal
cellular process, such as cell cycle and tumor progression.
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Fig. 3. USP7 and MARCH?7 can regulate the cell proliferation and invasion.
(A) The efficiency of USP7 and MARCH?7 knock-down and overexpression was detected by western blot. (B) Either
USP7 or MARCH?7 knock-down can down-regulate the proliferation capacity of SKOV3 cells, while their overexpres-
sion can significantly increase the cell viability. (C) USP7-siRNA or MARCH7-siRNA can inhibit the cell invasion,
while the overexpression of these two proteins can up-regulate the invasion of SKOV3 cells through Matrigel invasion

assay.

Negative regulation of ubiquitin-mediated protein degrada-
tion can cause development of various cancers (Hoeller et
al. 2006). The MARCH?7, a novel E3 ubiquitin ligase par-
ticipating in the regulation of neuronal development and the
T cell proliferation (Muthukumarana et al. 2006), was
recently reported to function in the development of the
ovarian cancer (Hu et al. 2015). Moreover, the removal of

ubiquitin from the ubiquitylated proteins is also significant
on determining the ubiquitylation state of E3-ubiquitin
ligase substrates (including some E3-ubiquitin ligases
themselves, which could be auto-ubiqutylated), thus the de-
ubiquitylating (DUB) enzymes have also emerged as
important regulators in controlling various cell functions.
Several DUBs have been reported to contribute in the DNA
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4. Identification of the signaling axis USP7-MARCH7-E-cadherin/f-catenin.

(A) USP7-siRNA can down-regulate the expression of MARCH?7 and f-catenin, while up-regulate the protein level of
E-cadherin; the overexpression of USP7 showed the opposite effects. However, when knock-down the MARCH?7 after
the USP7 overexpression, the regulating effects of USP7 on E-cadherin and f-catenin expression was attenuated, show-
ing no statistical difference with the control groups (pcDNA3.1-vector or scrambled siRNA group). (B) Immunoprecip-
itation results showed both HA-tagged USP7-FL and USP7-1-1050 can interact with protein MARCH?7, indicating
MARCH7 may be the substrate of the deubiquitinating enzyme USP7. (C) Immunofluorescence experiments indicated
that MARCH?7 overexpression can positively regulate the expression level of f-catenin, while inhibit the expression of
E-cadherin; the MARCH7-siRNA showed opposite effects.
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damage response, such as USP1, USP7 and USP28 (Nijman
et al. 2005; Zhang et al. 2006; Morra et al. 2015). The
USP7 can de-ubiquitinate several E3 ligases (MDM2/
MDMX, viral proteins ICP0) and tumor suppressors (p53,
FOXO, PTEN, and claspin), therefore regulates important
cellular process correlated with the tumorigenesis (Everett
et al. 1997; Li et al. 2004; Song et al. 2008; Hussain et al.
2009). Consistent with its functions, USP7 is upregulated
in many cancers, including prostate, colon, liver and lung
cancers (Song et al. 2008; Hussain et al. 2009; Chen et al.
2015). Most interestingly, the MARCH7 was reported to
be upregulated by the USP7 in embryonic stem cells,
according to a previous report (Nathan et al. 2008), but
there were no studies about the roles of USP7 and
MARCH?7 in the ovarian cancer and the relationship
between the two proteins in the corresponding cells.

Although concentrated studies on the molecular mech-
anisms of EOC have been conducted, the prognosis can be
quite different even with similar pathological grades and
FIGO stages. Nowadays, treatment of human ovarian can-
cer has been increasingly informed by various biomarkers
that predict patient prognosis and a number of candidate
prognostic biomarkers have already been discovered for
human EOC. However, previously clinical trials showed
that the vast majority of them perhaps be poorly suited to
the significance of identifying treatments, but might effec-
tive only in certain selected subsets of patients. Therefore,
identifying novel and efficient biomarkers for EOC with
better clinical application is still in urgent demand. In the
present study, our data demonstrated that the abnormal
expressions of USP7 and MARCH?7 proteins appeared to be
associated with the FIGO stage of EOC, its clinicopatho-
logical features and patient survivals. These strong correla-
tions suggest that USP7 and MARCH?7 overexpression pro-
motes tumor development and that USP7 and/or MARCH?7
could possibly serve as a biomarker for a more advanced
phenotype of EOC. To our knowledge, our results firstly
demonstrated the prognostic significance of the co-expres-
sion of USP7 and MARCH?7 in EOC.

Since accumulating studies have suggested that the
combined biomarkers may be more efficient than the single
one in the prognosis of various human carcinomas, we
hypothesized that the prognostic significance of the combi-
nation of USP7 and MARCH7 (USP7/MARCH7) might be
better than USP7 or MARCH7 alone. To validate this
assumption, we analyzed the correlations of USP7/
MARCH?7 combined expression, USP7 expression, and
MARCH?7 expression with overall survival of EOC patients,
respectively. Our data showed that USP7/MARCH7 com-
bined expression, USP7 expression, and MARCH?7 expres-
sion were all independent predictive factors for overall sur-
vival of EOC patients. More interestingly, USP7/MARCH7
combined expression could be more powerfully in predict-
ing the prognosis of EOC patients, indicating that the detec-
tion of co-expression of USP7 and MARCH?7 could be used
to design appropriate, individualized treatment and be help-

ful to characterize patients who may benefit from close fol-
lowing up after surgery.

We further investigated the functions of these two pro-
teins in the human ovarian cancer cell line, SKOV3. We
found that both USP7 and MARCH?7 can regulate the pro-
liferation and invasion of SKOV3 cells. In addition, USP7
can regulate the expression of E-cadherin and f-catenin by
altering the expression of MARCH7. Considering the
report that MARCH7 can act as the substrate of USP7
(Nathan et al. 2008), our results suggest the involvement of
the USP7-MARCH7-E-cadherin/f-catenin axis in the pro-
gression of EOC. Additional molecular and clinical
research would be necessary to confirm our findings.

In summary, USP7 and MARCH?7 proteins are differ-
entially expressed in EOC and closely connected with the
biological characteristics of this malignancy. Combination
of USP7 and MARCH?7 expression may function as a prom-
ising biomarker for prognostication of the EOC.
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