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Abstract Ubiquitin-specific protease 10 (USP10), a novel
deubiquitinating enzyme, is associated with androgen re-
ceptor transcriptional activity and pathological processes
of tumor. However, information between USP10 and the
adrenal gland is limited. In particular, the role of USP10 in
adrenal tumors has not been elucidated yet. This study aims
to investigate the expression of USP10 in the human normal
adrenal gland and various adrenal tumors. Tissue samples
were obtained from 30 adrenocortical adenomas, nine adre-
nocortical adenocarcinomas, and 20 pheochromocytomas
following laparoscopic surgery. Twenty normal adrenal
glands were obtained from kidney surgical resection con-
ducted due to renal cell carcinomas. USP10 expression was
investigated on protein levels using immunohistochemistry
and on mRNA levels using bioinformatics analysis in the
Gene Expression Omnibus (GEO) Datasets. In the 20 cases
of normal adrenal glands analyzed, USP10 protein was con-
stantly expressed in situ in the cortex of the adrenal glands,
but in the medulla of the gland, only the sustentacular cells
were detected positive. In adrenal tumors, detectable levels
of USP10 protein were found in 100 % (30/30)
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adrenocortical adenomas, 88.89 % (8/9) adrenocortical car-
cinomas, and 10 % (2/20) pheochromocytomas. Bioinfor-
matics analysis did not show a significant difference in
USP10 messenger RNA (mRNA) expression between adre-
nal tumors and normal adrenal gland tissues. A positive
USP10 immunoreaction can be useful in distinguishing ad-
renal cortical tumors from pheochromocytoma.

Keywords USP10 - Adrenal gland - Adrenocortical
adenoma - Adrenocortical carcinoma - Pheochromocytoma

Introduction

Ubiquitin-specific protease 10 (USP10), also known as
UBPO, localized on chromosome 16q24.1, and originally
discovered as a deubiquitinating enzyme that interacts with
Ras-GAP SH3 domain-binding protein (G3BP) [1], takes
part in various biological processes by stabilizing several
proteins [2, 3]. Increased USP10 expression has been de-
tected in some breast cancer and glioblastoma samples [4],
and USP10 overexpression has been associated with poor
prognosis in patients with glioblastoma multiforme [5]. De-
creased USP10 expression has been observed in gastric can-
cer tissues, and its downregulation has been associated with
invasion, metastasis, and prognosis of gastric cancer [6].
Moreover, USP10 as a novel regulator of p53 provides an
alternative mechanism for p53 inhibition in cancers. USP10
is constitutively downregulated in renal clear cell carcino-
ma, most of which contain wild-type p53. Meanwhile, ele-
vated USP10 levels have been detected in a subset of renal
cell carcinomas that contain p53 mutations [7]. Recent stud-
ies have also shown that USP10 suppresses proliferation
and growth of pancreatic cancer cells [8]. Therefore,
USP10, as a novel deubiquitinating enzyme, has a crucial
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role in various pathological processes of tumor. However,
little information is available concerning USP10 expression
in various adrenal tumors and normal adrenal gland.

The adrenal gland is a composite of two endocrine organs:
one mesodermally derived (cortex) and the other
neuroectodermally derived (medulla). The adrenal cortex is
divided into three zones. The outermost layer is the zona
glomerulosa, which lies immediately beneath the capsule and
is a site of mineralocorticoid production. The zona fasciculata,
which is situated between the glomerulosa and reticularis and
the widest of the three layers because it composes nearly 80 %
of the cortical volume, is responsible for producing glucocor-
ticoid and sex hormones (adrenal androgens). The innermost
layer is the zona reticularis, which lies directly next to the
medulla, is also involved in the secretion of glucocorticoids
and sex hormones (especially for androgens). The biological
action of androgens is mediated through androgen receptors
(ARs). Relatively high levels of ARs have been detected in the
adrenal glands of both male and female rats [9]. Moreover,
USP10 is a cofactor that binds to the ARs and stimulates the
androgen response of target promoters [10, 11]. Therefore,
these findings have promoted us to investigate whether
USP10 is constitutively expressed in normal adrenal cortex.

Pheochromocytoma is a catecholamine-producing tumor,
with preferential localization in the adrenal medulla. The dis-
tinction between adrenal cortical tumors and pheochromocy-
toma is sometimes difficult to determine because of confound-
ing clinical presentations, overlapping morphologies, and
some degrees of immunophenotypic overlap. Thus, this study
also aims to confirm whether USP10 immunoreaction can be
useful in distinguishing adrenal cortical tumors from
pheochromocytomas.

Materials and Methods
Patients and Tissue Samples

All cases were taken consecutively and retrospectively from
the Department of Pathology, Renmin Hospital of Wuhan
University. Surgical samples were fixed by immersion in
4 % buftered formalin for 2448 h, sampled, and then paraf-
fin-embedded. After obtaining written consent, demographic
and clinical pathological data were collected in the hospitals
using a standard interviewer-administered questionnaire and/
or medical records. This study was approved by the ethics
committee of the hospitals involved.

Tissue was obtained from 30 adrenocortical adeno-
mas, nine adrenocortical carcinomas, and 20 adrenal
pheochromocytomas following laparoscopic surgery. A
total of 20 normal adrenal glands were obtained from
kidney surgical resections, which were conducted be-
cause of renal cell carcinomas, free of metastatic disease,

and other pathologies. Differential diagnosis between ad-
renocortical adenomas and carcinomas was performed
according to the standard criteria described by Wesis
[12]. All carcinoma cases presented vascular and capsu-
lar invasion, cellular pleomorphism, atypical mitosis,
high mitotic rates, and a variable amount of necrosis.
Differential diagnosis between adrenocortical tumors
and pheochromocytomas was performed according to
morphologic features and immunohistochemical staining
results of Melan A and CgA.

Patients for normal adrenal glands were aged from 23 to
75 years old (mean: 55.85 years old), with male predominance
(12 males and 8 females). Patients for adrenocortical adeno-
mas ranged from 33 to 76 years old (means: 51.23 years old),
with equal sex distribution (15 males and 15 females). Patients
for adrenocortical carcinomas ranged from 34to 62 years old
(mean: 50.22 years old), with female predominance (two
males and seven females). Patients for pheochromocytomas
ranged from 15 to 71 years old (mean: 44.50 years old), with
female predominance (six males and 14 females). A wide
range in tumor sizes was seen in adrenocortical adenomas
(0.8 to 6 cm, mean 2.27 cm), adrenocortical carcinomas (1.7
to 9 cm, mean 5.27 cm), and pheochromocytomas (0.8 to
6 cm, mean 4.96 cm). All pheochromocytomas lacked meta-
static disease at the time of resection.

Immunohistochemistry

Immunostaining was performed as described previously [6].
Briefly, deparaffinized sections were treated with 3 % H,0,,
and then subjected to antigen retrieval by citric acid (pH 6.0).
After overnight incubation with primary antibody (anti-
USP10, 1:250, ab109219, Abcam, Cambridge, MA; anti-
CgA (MAB-0142, DO-7) and anti-Melan A (MAB-0589,
A42C7), ready-to-use, Maixin Bio, Fujian, China) at 4 °C,
the sections were incubated for 15 min at room temperature
with horseradish peroxidase-labeled polymer conjugated with
secondary antibody ((MaxVision™ Kits) and 1 min with di-
aminobenzidine. Afterward, the sections were lightly counter-
stained with hematoxylin. The sections without primary anti-
body served as negative controls. The immunohistochemical
staining results of USP10 in all sections were evaluated by
two independent observers (Zeng and Zhou) unaware of the
disease outcome.

Gene Expression Data Analysis

Human normal adrenal gland and adrenal tumor data sets, as
well as their corresponding clinical data, were downloaded
from the public available Gene Expression Omnibus (GEO)
datasets (http://www.ncbi.nlm.nih.gov/gds/). Two
independent data sets from GDS1096 and GDS3113 were
utilized to analyze the relative expression level of USP10
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messenger RNA (mRNA) in various types of human normal
tissues [13, 14]. Two independent data sets from GSE10927
and GSE39716 were utilized to analyze the ratio of USP10/
GAPDH mRNA in human normal adrenal cortex (n=10)
and medulla (n=8) [15, 16]. One independent data set from
GSE68889 was utilized to analyze the ratio of USP10/
GAPDH mRNA in different layers of the human normal
adrenal gland cortex (n=4). One independent data set from
GSE10927 was utilized to analyze the ratio of USP10/
GAPDH mRNA in the human normal adrenal gland cortex
(n=10), adrenocortical adenoma (n=22), and adrenocorti-
cal carcinoma (n=33). One independent data set from
GSE39716 was utilized to analyze the ratio of USP10/
GAPDH mRNA in the human normal adrenal gland medul-
la (n=8) and pheochromocytoma (n=21). For GDS1096,
GSE10927, and GSE68889, the intensity of probe
209137 s _at was used to represent the USP10 expression
level, whereas the intensity of probe 212581 x_at was used
to represent the GAPDH expression level. For GDS3113,
the intensity of probe 222023 was used to represent the
USP10 expression level. For GSE39716, the intensity of
probe 7997633 was used to represent the USP10 expression
level, whereas the intensity of probe 7953385 was used to
represent the GAPDH expression level. The housekeeping
gene GAPDH expression was used as internal control.

Statistical Analysis

All the experimental data were analyzed by SPSS 15.0 statis-
tical software (SPSS, Inc., Chicago, IL, USA). Comparisons
of proportions were evaluated using a chi-square test. Stu-
dent’s two-tailed ¢ test was used to compare data between
two groups. ANOVA was used to compare data between three
groups. A p value of less than 0.05 was regarded as statisti-
cally significant.

Results

USP10 Protein Expression in Human Normal Adrenal
Glands

In all normal adrenal glands examined, USP10 protein
was constantly expressed in situ in the cortex of adrenal
glands, but in the medulla of the adrenal gland, only the
sustentacular cells were detected positive (Fig. 1a, b). In
addition, USP10 expression was differently distributed in
different layers of the adrenal cortex. In glomerular cell
layer, positive reaction was most frequently observed in
the cytoplasm in a diffuse but weak form (Fig. le). In the
zona fasciculata, cells showed intense and continuous
immunoreactions in the cytomembrane (Fig. 1d). In the
zona reticularis, cells showed intense and diffused
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immunoreactions in the cytoplasm (Fig. 1c¢). All adrenal
medulla cells were always completely negative, except for
sustentacular cells (Fig. 1c).

USP10 mRNA Expression in Human Normal Adrenal
Glands

To obtain USP10 mRNA expression level, two independent
microarray data sets containing various types of human nor-
mal tissues were analyzed, including GDS1096 and
GDS3113. The data sets showed that USP10 mRNA can be
detected in human normal adrenal gland tissues, as well as
other multiple tissues. The data set from GDS1096 showed
that the relative expression levels of USP10 mRNA in the
adrenal gland, brain, kidney, breast, and stomach were 1,
0.45, 0.94, 0.84, and 0.76, respectively (Fig. 2a). The data
set from GDS3113 showed that the relative expression levels
of USP10 mRNA in the adrenal gland, brain, kidney, and
breast were 1, 1.12, 0.71, and 0.57, respectively (Fig. 2b).
Afterward, we further analyzed the relative mRNA expression
level of USP10 in the human normal adrenal cortex and me-
dulla from GSE10927, GSE39716, and GSE68889. The data
sets showed that USP10 mRNA can be detected in the zona
fasciculata, zona reticularis, zona glomerular, and medulla.
However, no significant difference among these regions was
found (Fig. 2¢c and d).

USP10 Protein Expression in Adrenal Tumors

In adrenal tumors, USP10 protein expression was detected in
100 % (30/30) adrenocortical adenomas, and 88.9 % (8/9)
adrenocortical carcinomas (Fig. 3). In adrenocortical adeno-
mas, two different patterns of USP10 staining can be observed
in the each case: (1) diffused and strong cytoplasmic reactivity
with USP10 (Fig. 4a) and (2) continuous and strong
immunoreactions in the cytomembrane (Fig. 4b). In adreno-
cortical carcinomas, diffused and moderate intensity cytoplas-
mic USP10 reactivity was identified in eight of nine cases
(Fig. 4c). Pheochromocytoma did not have a constant appear-
ance. Two different cases presented an immunoreaction com-
parable with adrenocortical adenomas, where positivity was
restricted to focal areas; whereas, 18 cases were completely
negative (Fig. 3). In addition, sustentacular cells immuno-
stained for USP10 protein at the periphery of the tumor nests
can be observed in all pheochromocytomas (Fig. 4d).

USP10 mRNA Expression in Adrenal Tumors

To obtain USP10 mRNA expression level in adrenal tumors,
two independent microarray data sets containing various ad-
renal tumors were analyzed, including GSE10927 and
GSE39716. The data set from GSE10927 showed that
USP10 mRNA can be detected in benign and malignant
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Fig. 1 Immunohistochemical
detection of USP10 protein in
normal adrenal gland. (a) HE
staining of normal adrenal gland
(original magnification, %40). (b)
Sections are stained with a
monoclonal antibody against
USP10 and counterstained with
hematoxylin in normal adrenal
gland (original magnification,
x40). (¢, d, e) Slides represent
different layers of the adrenal
gland in Fig. 2b (original
magnification, X200). Zg: zona
glomerulosa; Zf: zona fasciculata;
Zr: zona reticularis; M: adrenal
medulla

adrenocortical tumors and in normal adrenal gland cortex.
However, the ratio of USP10/GAPDH mRNA in the human
normal adrenal gland cortex (n=10), adrenocortical adenoma

Fig.2 USP10 mRNA expression
in the human normal adrenal
gland and other tissues is detected
by bioinformatics analysis in the
GEO datasets. (a) The data set
from GDS1096 shows the relative
expression level of USP10
mRNA in the adrenal gland,
brain, kidney, breast, and
stomach. (b) The data set from
GDS3113 shows the relative
expression level of USP10
mRNA in the adrenal gland,
brain, kidney, and breast. (¢) The
data sets from GSE10927 and
GSE39716 shows the ratio of
USP10/GAPDH mRNA in the
human normal adrenal cortex and
medulla (Student’s two-tailed

t test). (d) The data set from
GSE68889 shows the ratio of
USP10/GAPDH mRNA in the
zona glomerulosa, zona
fasciculata, and zona reticularis
(ANOVA)
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difference among these groups was observed (Fig. 5a). The
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Fig. 3 Statistical analysis of USP10 protein expression in adrenocortical
adenomas (n=30), adrenocortical adenocarcinomas (n=9), and
pheochromocytomas (n=20). *P<0.05, Chi-square test

data set from GSE39716 showed that USP10 mRNA can also
be detected in the human normal adrenal gland medulla and
pheochromocytoma. However, the ratio of USP10/GAPDH
mRNA in the human normal adrenal gland medulla (n=8)
and pheochromocytoma (n=21) were 0.71+0.03 and 0.71+
0.02, respectively. No significant difference was observed be-
tween these two groups (Fig. 5b).

Fig. 4 Immunohistochemical
detection of USP10 protein in
adrenal tumors. (a)
Adrenocortical adenoma:
neoplastic cells show intense and
diffused immunoreactions in the
cytoplasm. (b) Adrenocortical
adenoma: neoplastic cells show
intense and continuous
immunoreactions in the
cytomembrane. (c)
Adrenocortical carcinoma: tumor
showing USP10-positivity. (d)
Pheochromocytoma: tumor
showing USP10-negative. DAB
staining (brown); nuclear
counterstaining (hematoxylin);
original magnification, x200

Discussion

USP10 is a protein consisting of 798 amino acids and be-
longs to the USPs family of cysteine proteases. USP10 has a
critical role in modulating ARs function. Overexpression of
USP10 enhances ARs transcriptional activity, whereas its
knockdown has the opposite effect. Moreover, USP10 was
originally detected in DNA-bound ARs complexes, two of
which may interact with each other [10, 11]. The adrenal
gland is an endocrine organ. The zona fasciculata and
reticularis of the adrenal cortex are sites for sex hormone
production (adrenal androgens). In addition, the biological
action of androgens is mediated through the ARs. These
findings promoted us to investigate the expression of
USP10 in human adrenal glands.

In this study, we demonstrated that USP10 protein is
constantly expressed in situ in the adrenal gland cortex,
mostly in the zona fasciculata and reticularis, but not in
the medulla. In the zona fasciculata, cells showed intense
and continuous immunoreactions in the cytomembrane.
In the zona reticularis, cells show intense and diffused
immunoreactions in the cytoplasm. In the glomerular cell
layer, positive reaction is most frequently observed in the
cytoplasm in a diffused but weak form. The distribution
of USP10 protein and androgen production showed an
overlap in the adrenal gland, indicating that the function
of USP10 in the adrenal gland cortex may be associated
with androgen through the regulation of AR protein sta-
bilization. In addition, we further analyzed the
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Fig.5 USP10 mRNA expression
in adrenal tumors. (a) The data set
from GSE10927 shows the ratio
of USP10/GAPDH mRNA in the
human normal adrenal cortex,
adrenocortical adenoma, and
adrenocortical carcinoma
(ANOVA). (b) The data set from
GSE39716 shows the ratio of
USP10/GAPDH mRNA in the
human normal adrenal medulla
and pheochromocytoma
(Student’s two-tailed ¢ test)

o

n=10

USP10/GAPDH mRNA

expression of USP10 mRNA in the human normal adre-
nal gland using bioinformatics analysis in the GEO
datasets. USP10 expression can be detected in multiple
human normal tissues, including the brain, kidney,
breast, and stomach. Therefore, these tissues were used
as an internal control. In this study, the data sets showed
that the expression level of USP10 mRNA in the human
normal adrenal gland was similar to that in the brain,
kidney, breast and stomach. Further bioinformatics anal-
ysis in the GEO datasets demonstrated that the expres-
sion level of USP10 mRNA also can be observed in the
adrenal gland medulla, which indicated that the absence
of USP10 protein in the medulla occurred at post-
transcriptional level.

Recent studies demonstrated that USP10 is involved in
various biological processes through regulation of protein
stabilization [17]. For example, USP10 plays a role in
facilitating the deubiquitination of CFTR in early
endosomes, thereby enhancing the endocytic recycling of
CFTR [18, 19]. Th2-dominated inflammation can be
inhibited by USP10 through deubiquitination and stabili-
zation of T-bet [2]. USP10 antagonizes c-myc transcrip-
tional activation through SIRT6 stabilization to suppress
tumor formation [20]. USP10 deubiquitylates the histone
variant H2A.Z and functions in AR-mediated gene activa-
tion [11]. USP10 is a host factor that inhibits stress-
induced reactive oxygen species production and apoptosis
in HTLV-1-infected T cells [21]. USP10 inhibits genotoxic
NF-kB activation by MCPIP1-facilitated deubiquitination
of NEMO [22]. USP10 immunoreactivity has been report-
ed in a limited number of tumors. Increased USP10 ex-
pression has been detected in some breast cancer and glio-
blastoma samples [4, 5]. Decreased USP10 expression has
been found in gastric cancer and renal cancer tissues [6].
However, little information is available concerning USP10
protein expression in adrenal tumors. In the present study,
we investigated the expression of USP10 protein in

(o3

GSE10927
n=22

GSE39716
n=8

n=33 n=21

USP10/GAPDH mRNA

various adrenal tumors and found that the frequency of
USP10 protein-positive expression in adrenal cortical tu-
mors (100 % adrenocortical adenomas and 89 % adreno-
cortical carcinomas) was higher than that in pheochromo-
cytomas (10 %). However, the result of bioinformatics
analysis in the GEO datasets showed that no significant
differences among adrenocortical adenomas, adrenocorti-
cal carcinomas, and pheochromocytomas. These findings
suggest that only a positive USP10 protein-immunoreaction
can be useful in distinguishing adrenal cortical tumors from
pheochromocytoma.

Differential diagnosis between benign and malignant
adrenal cortical tumors can be a difficult task. There-
fore, we also wanted to know whether USP10 is a use-
ful marker in distinguishing adrenocortical adenoma and
carcinoma. However, in this study, the result of USP10
on protein levels using immunohistochemistry and on
mRNA levels using bioinformatics analysis in GEO
datasets failed to distinguish adrenocortical adenoma
from adrenocortical carcinoma.
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