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Abstract Sox10 is a transcription factor regulating the devel-
opment of several cell lineages and is involved in tumor de-
velopment. However, the clinicopathological relevance of
Sox10 expression in ovarian cancer has not been examined.
We assessed expression of Sox10 in ovarian epithelial tumors
by immunohistochemistry and assessed its prognostic value
by analyzing the correlation between its expression and clin-
icopathological factors. We used tissue microarrays including
244 ovarian epithelial tumors. Sox10 staining was found in
the cytoplasm or nucleus of tumor cells. Malignant serous,
mucinous, and endometrioid tumors were significantly more
likely to express Sox10 than benign and borderline tumors.
Expression patterns in adenocarcinomas were different for
histologic subtypes: nuclear Sox10 staining was common in
clear-cell adenocarcinomas and serous adenocarcinomas,
whereas all cases of mucinous and endometrioid tumors were
negative for nuclear staining. Nuclear Sox 10 staining was also
associated with chemoresistance and shorter overall survival
in ovarian adenocarcinomas, notably in high-grade serous ad-
enocarcinoma. Sox10 is expressed in many ovarian carcino-
mas, suggesting that it might be involved in oncogenesis of
ovarian carcinoma. Expression pattern of Sox10 differs be-
tween histological subtypes. Nuclear Sox10 expression is an
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independent indicator of poor prognosis in ovarian adenocar-
cinomas, notably in high-grade serous adenocarcinomas.
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Biomarkers

Introduction

Ovarian epithelial tumors stand out as a result of an increasing
incidence and high mortality, due to the late diagnosis and
frequent recurrence. Despite numerous studies searching for
prognostic markers which predict the risk of recurrence, no
useful marker is yet available. For early diagnosis, accurate
determination of prognosis and the development of tailored
therapy, which might improve outcome for these patients, new
markers are needed.

Sox10 is a transcription factor of the sex determining re-
gion Y (SRY)-related high motility group (HMG)-box gene
family. It plays an important role in the maintenance and mi-
gration of neural crest stem cells [1-4], and in their differen-
tiation into neural crest-derived melanocytes and glia [5, 6].
Loss-of-function mutations in Sox 10 gene impair the develop-
ment of neural cells and melanocytes, resulting in
neurocristopathies such as Waardenburg syndrome, character-
ized by sensorineural hearing loss and hypopigmentation [5,
7, 8]. Sox10 also contributes to the maintenance of stem cell
properties in the neural crest [9].

Sox10 is expressed in melanocytes and Schwann cells, and
in the corresponding tumors [10]. Therefore, it can be used as
a marker of peripheral neural tumors, melanocytic tumors [10,
11], and neural crest-derived tumors [12]. Sox10 is considered
to be a more sensitive marker than S-100 for these tumors
[11]. In addition, Sox10 has also been found in some human
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solid tumors. For example, in neuroendocrine tumors of the
lung, it is expressed by sustentacular cells, the presence of
which is inversely correlated with neuroendocrine tumor
grade [13]. Sox10 expression has been reported in basal-like,
triple-negative and metaplastic carcinoma of breast [14],
acinic cell carcinoma, adenoid cystic carcinoma,
myoepithelial carcinoma, pleomorphic adenoma of salivary
gland [15, 16], and hepatocellular carcinoma [17]. Sox10 re-
portedly functions as an oncogene by cell cycle dysregulation
in melanomagenesis [18], and by activating the Wnt/[3-
catenin cascade in hepatocellular carcinoma [17]. In contrast,
Sox10 is silenced or downregulated in prostatic carcinoma
[19] and in gastrointestinal cancer [20], suggesting that in
these tumors, it might function as a tumor suppressor.

In ovarian carcinomas, the expression pattern and the role
of Sox10 are controversial. In two previous studies that used
tissue microarrays and immunohistochemistry to detect Sox10
expression in tumor tissue, all 26 samples of ovarian carcino-
ma were negative for Sox10 [11, 21]. However, we previously
showed that Sox/0 mRNA expression is upregulated in
chemoresistant ovarian serous carcinomas compared to
chemosensitive carcinomas and normal control tissues [22].

To clarify whether or not Sox10 is expressed in ovarian
carcinomas, we examined Sox10 protein expression in 244
ovarian epithelial tumors by immunohistochemical staining
on a tissue microarray. We also determined if Sox10 expres-
sion might constitute a valuable marker for differential diag-
nosis or prognosis and compared its expression with clinico-
pathological parameters and patient survival.

Materials and methods
Tissue samples and pathologic examination

We studied formalin-fixed, paraffin-embedded ovarian ep-
ithelial tumor tissue samples from 244 women who had
been treated at the CHA Bundang Medical Center be-
tween 1998 and 2013. Treatment consisted of radical sur-
gery followed by a first-line chemotherapy regimen,
consisting of paclitaxel and cisplatin or carboplatin.
Chemoresistance was defined as persistent or recurrent
carcinoma within 6 months after initiation of first-line
Taxol-platinum chemotherapy, according to the National
Comprehensive Cancer Network (NCCN) guidelines.
Clinicopathological data were obtained from clinical
databases of the hospital. The histological subtype of each
ovarian tumor had been determined according to the
World Health Organization classification. Clinical stage
had been evaluated according to the criteria of the
International Federation of Gynecology and Obstetrics
(FIGO). Histopathologic grading of serous adenocar-
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cinoma was assessed according to a two-tiered system of
high grade (HG) and low grade (LG).

Tissue microarray

Tissue samples were retrieved from the tumor bank of
the CHA Bundang Medical Center, School of
Medicine, CHA University. Hematoxylin and eosin
(H&E)-stained sections of the selected cases were
reviewed, and representative areas were marked on
the H&E-stained sections and corresponding paraffin
blocks. For each case, three tissue cores with a diam-
eter of 2 or 3 mm were punched out from the marked
tissue areas of each donor tissue block. They were then
arranged into recipient paraffin blocks using a manual
microarray device (UNITMA, Quick-RAY, UNITech
Science, Seoul, Korea).

Immunohistochemical analysis

Tissue microarrays were deparaffinized in xylene for 30 min
and rehydrated in a graded series of alcohol. Endogenous
peroxidase activity was blocked via 30 min of treatment with
3 % hydrogen peroxide in methanol. For antigen retrieval, the
sections were heated in 0.1 mol/l citrate buffer (pH 6.0) for
15 min in a microwave oven. Slides were incubated for 60 min
at room temperature with mouse monoclonal anti-human
Sox10 antibody (ab122977; 1:150 dilution; Abcam,
Cambridge, UK) in 0.3 % bovine serum albumin (BSA) in
Tris-buffered saline (pH 7.4). They were then incubated for
30 min with a secondary antibody using a HRP Polymer
Ultravision LP Detection System (Thermo Scientific,
Waltham, MA, USA) at room temperature. The sections were
then developed with diaminobenzidine and counterstained
with hematoxylin. Immunohistochemical staining was
interpreted by two independent pathologists. Expression of
Sox10 was considered positive when >25 % of tumor cells
in the three cores of a sample were stained. As control, we
used neurogenic tumors, such as schwannoma, which were
diffusely positive for Sox10.

Statistical analyses

Statistical analysis was conducted using the SPSS statistics
software package (IBM SPSS Statistics version 20).
Associations between Sox10 expression and clinicopatholog-
ical factors were evaluated using x> analysis. For survival
analysis, the Kaplan-Meier method, log-rank test, and Cox
proportion hazard model were used. All tests were two-sided,
and p < 0.05 was considered significant.
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Results
Clinicopathological characteristics

We enrolled 244 women in the study, with an age range from 19
to 86 years (mean 47.9 years); 94 patients (38.5 %) were >50
years. Histological types included 131 serous tumors, 73 mucin-
ous tumors, 32 endometrioid tumors, and 8 clear-cell carcinomas.
Of the 123 patients with a malignant tumor, including all tumor
types, 41 % had nodal metastases and 25 % had distant metas-
tases (Table 1). FIGO stages in these 123 cases were stage I,
28 %; stage I, 10 %; stage 111, 46 %; and stage IV, 16 %.

Of the 80 patients with HG serous adenocarcinoma, 53 %
had nodal metastases and 34 % had distant metastases. FIGO
stages in these cases was stage I, 6 (8 %); stage II, 10 (13 %);
stage 111, 45 (56 %); and stage IV, 19 (24 %). Chemoresistance
was recorded in 39 % of these cases.

Sox10 expression in ovarian epithelial tumors

In all 244 cases, focal or diffuse Sox 10 staining was observed
in the cytoplasm or nucleus of ovarian epithelial tumor cells
(Fig. 1). The results of staining for each histological tumor
type are presented in Table 2. Cytoplasmic staining was seen
in 86 % of HG serous adenocarcinomas, 75 % of
endometrioid adenocarcinomas, 50 % of mucinous

Table 1  Clinicopathologic characteristics of ovarian adenocarcinomas
and high-grade serous adenocarcinomas

Clinicopathologic Ovarian High-grade serous
parameters adenocarcinomas adenocarcinomas
(n=123) (n = 80)
Cases, 1 (%) Cases, 1 (%)
Age (years)
<50 59 (48.0 %) 29 (36.3 %)
>50 64 (52.0 %) 51(63.7 %)
FIGO stage
1 34 (27.6 %) 6 (7.5 %)
2 12 (9.8 %) 10 (12.5 %)
3 57 (46.3 %) 45 (56.25 %)
4 20 (16.3 %) 19 (23.75 %)

Nodal metastasis
Negative 73 (59.3 %)

50 (40.7 %)

38 (47.5 %)
Positive 42 (52.5 %)

Distant metastasis

Negative 92 (74.8 %) 53 (66.2 %)

Positive 31(25.2 %) 27 (33.8 %)
Chemoresistance

No 98 (79.7 %) 49 (61.2 %)

Yes 25(20.3 %) 31(38.8 %)

adenocarcinomas, and in <50 % of cases for the other tumor
types. Nuclear staining was seen in 63 % of clear-cell carci-
nomas, 23 % of HG serous adenocarcinomas, 22 % of LG
serous adenocarcinomas, and 4 % of serous borderline tumors,
while it was negative in all other tumor types.

The immunohistochemical staining pattern of Sox10 was
compared between the various ovarian tumor types (Fig. 2).
For cytoplasmic staining (Fig. 2a), a significant association was
found with malignancy in serous (p < 0.001), mucinous
(p <0.001), and endometrioid tumors (p = 0.0046). For nuclear
staining, a significant association was found with malignancy in
serous tumors (Fig. 2b), with lower number of positive cases in
benign and borderline tumors (p = 0.022 for LG serous adeno-
carcinoma, and p = 0.004 for HG serous adenocarcinoma.)

Cytoplasmic Sox10 staining of HG serous, endometrioid,
and mucinous adenocarcinomas was more frequent than that
of clear-cell carcinomas (Fig. 2c¢), but the difference was sta-
tistically significant only for HG serous and endometrioid ad-
enocarcinomas (p < 0.001 and p = 0.004, respectively).
Nuclear staining was more frequent in clear-cell carcinomas
than in HG serous (p = 0.014), mucinous (p = 0.003), and
endometrioid (p < 0.001) while a nonsignificant trend was
found for LG serous adenocarcinomas (p = 0.092).

Correlation between Sox10 staining and clinicopathologic
parameters in serous adenocarcinomas

We analyzed associations between Sox10 staining and clini-
copathological parameters in 80 cases of HG serous adenocar-
cinomas, the most frequent and lethal type of ovarian carcino-
ma. Cytoplasmic Sox 10 staining was not significantly associ-
ated with any clinicopathological factor. Nuclear Sox10 stain-
ing was positively associated only with chemoresistance
(Table 3, p = 0.006). Nuclear staining was found in 39 % of
chemoresistant but in only 12 % of cases of chemosensitive
serous adenocarcinomas. Patient age, FIGO stage, and the
presence of nodal or distant metastases were not associated
with nuclear Sox10 staining.

Association of Sox10 immunoreactivity with overall
survival

Survival analyses were separately performed for the 123 ade-
nocarcinomas and separately for the 80 HG serous adenocar-
cinomas (Fig. 3). Median follow-up was 51.1 months (range,
0.6-141.1 months). During the follow-up period, 30 of the
123 patients (24 %) died of disease, including 21 patients with
HG serous adenocarcinoma. Kaplan-Meier analysis revealed
that nuclear Sox10 staining (n = 25) was associated with
shorter overall survival (81 % (79/98) vs. 56 % (14/25)) in
patients with ovarian adenocarcinoma (Fig. 3a, p =0.013). As
shown in Fig. 3b, nuclear Sox10 staining in HG serous ade-
nocarcinoma was also associated with poorer overall survival.
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Fig. 1 Immunohistochemical staining of Sox10 in ovarian epithelial mucinous borderline tumor (e); f positive cytoplasmic staining in
tumors. (a, b) Negative staining in serous cystadenoma (a) and serous mucinous adenocarcinoma; g no reactivity in endometriotic cyst; h
borderline tumor (b); ¢ positive nuclear Sox10 staining in serous endometrioid adenocarcinoma showing cytoplasmic Sox10 staining; i
adenocarcinoma; d, e no reactivity in mucinous cystadenoma (d) and positive nuclear Sox10 staining in clear-cell carcinoma

Table 2 Sox10 immunoreactivity of ovarian epithelial tumors

Cases, n Cytoplasmic staining, 7 (%) Nuclear staining, 7 (%)
Negative (%) Positive (%) Negative (%) Positive (%)

Serous Adenocarcinoma, HG 80 11 (13.7) 69 (86.3) 62 (77.5) 18 (22.5)

Adenocarcinoma, LG 9 6 (66.7) 3(33.3) 7 (77.8) 2(22.2)

Borderline tumor 25 17 (68) 8(32) 24 (96) 14)

Cystadenoma 17 10 (58.8) 7 (41.2) 17 (100) 0(0)
Mucinous Adenocarcinoma 10 5(50) 5(50) 10 (100) 0(0)

Borderline tumor 44 40 (90.9) 409.1) 44 (100) 0(0)

Cystadenoma 19 18 (94.7) 1(5.3) 19 (100) 0 (0)
Endometrioid Adenocarcinoma 16 4(25) 12 (75) 16 (100) 0(0)

Endometriotic cyst 16 12 (75) 4 (25) 16 (100) 0(0)
Clear-cell carcinoma 8 7 (87.5) 1(12.5) 3(37.5) 5(62.5)
Total 244

Positive indicates that score is more than 1+ (>25 % of tumor cells)
HG high grade, LG low grade
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Fig. 2 a High-grade serous, mucinous, and endometrioid
adenocarcinomas have significantly higher expression of cytoplasmic
Sox10 than benign or borderline tumors (p < 0.001, p < 0.001, and
p = 0.0046, respectively, x> test). b In serous adenocarcinomas, nuclear
Sox10 expression is significantly higher than in serous benign or
borderline tumors (p = 0.022 for low-grade serous adenocarcinoma and
p = 0.004 for high-grade serous adenocarcinoma, y? test). ¢ Serous and
endometrioid adenocarcinomas were significantly more likely to have

For the group with nuclear Sox10 staining overall survival
was significantly lower (8/18, 44 %) than for the nuclear
Sox10 negative group (51/62, 82 %) (p < 0.001).

We also performed multivariate Cox regression (Table 4).
In the 123 adenocarcinomas, nuclear Sox10 positivity
(HR = 3.408, p < 0.002) and higher stage (HR = 13.806,
p < 0.001) were independent predictors of poor survival.
Similarly, in the 80 HG serous adenocarcinomas, nuclear
Sox10 positivity (HR = 6.613, p < 0.001), and higher stage

b Nuclear Sox10 positivity
[ Benign and borderline
@ Low grade adenocarcinoma

W (High grade) Adenocarcinoma
30

P =0.004

P =0.022
|

20}

[ 2.3% |22.2%

Proportion of Sox10 immunoreactivity (%)

Serous tumor

@ Serous adenocarcinoma, low grade
m Serous adenocarcinoma, high grade
g Mucinous adenocarcinoma

= Endometrioid adenocarcinoma

0 Clear cell carcinoma

P=0.014

Nuclear Sox10 positivity

cytoplasmic Sox10 expression than clear-cell carcinoma (p < 0.001 and
p = 0.004, respectively). Cytoplasmic Sox10 expression in serous
adenocarcinoma was more frequent than in mucinous adenocarcinoma
(»p = 0.005). Nuclear Sox10 expression in clear-cell carcinoma was
significantly more frequent than in high-grade serous, mucinous, or
endometrioid adenocarcinomas (p = 0.014, p = 0.003, and p < 0.001,
respectively, x° test)

(HR = 8.015, p = 0.046) were significantly associated with
poor overall survival, suggesting that nuclear Sox10 positivity
is an independent indicator of poor prognosis.

Discussion

Ovarian carcinoma accounts for the largest proportion of
tumor-related mortality of all gynecological malignancies
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Table 3 Relationship between nuclear Sox10 staining and
clinicopathologic parameters of high grade serous adenocarcinoma

Clinicopathologic Cases, Nucelar Sox10 staining
parameters n
Positive, n  Negative,n  p
(%) (%) value
Age (years)
<50 29 6 (20.7) 23 (79.3) 0.77
>50 51 12 (23.5) 39 (76.5)
FIGO stage
lor2 16 4 (25) 12 (75) 0.789
3or4 64 14 (21.9) 50 (78.1)
Nodal metastasis
Negative 38 8 (21.1) 30 (78.9) 0.768
Positive 42 10 (23.8) 32 (76.2)
Distant metastasis
Negative 53 12 (22.6) 41 (77.4) 0.966
Positive 27 6(22.22) 21 (77.78)
Chemoresistance
No 49 6(12.2) 43 (87.8) 0.006*
Yes 31 12 (38.8) 19 (61.3)

[23], due to late detection and frequent recurrence [24, 25].
There have been many efforts to develop biomarkers for early
detection of the disease and for accurate prognosis but as yet
without conclusive or reproducible results. One of the reasons
for this is that ovarian carcinomas are heterogeneous in view
of the existence of serous, endometrioid, clear cell, and mu-
cinous subtypes, each of these subtypes being associated with

a
1.04 == —— MNuclear Sox10 positive group
in ovarian carcinoma (n=25)
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in ovarian carcinoma (n=98)
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Fig. 3 Kaplan-Meier survival curves for nuclear Sox10
immunoreactivity. a In the 123 patients with ovarian adenocarcinoma,
nuclear Sox10 expression correlated with poorer overall survival rate
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different molecular pathogenetic events and a different re-
sponse to therapy [26-28]. Development of biomarkers for
early diagnosis and prognosis of the different subtypes is
necessary.

In a previous study on genes related to chemoresistance in
ovarian cancer, we found that Sox/0 mRNA expression is
significantly upregulated in HG serous adenocarcinomas
compared to normal controls and in chemoresistant carcino-
mas compared to chemosensitive ones [22]. We therefore
studied expression characteristics of Sox10 protein, to deter-
mine if Sox10 can be used as a marker for differential diag-
nosis or to predict outcome in various types of ovarian
carcinoma.

Sox genes belong to the high mobility group superfamily
and encode transcription factors. They regulate various devel-
opmental processes, and their encoded proteins are involved
in different tumors as tumor promoter or suppressor. Sox10 is
overexpressed in peripheral neural and melanocytic tumors
[11] and in solid tumors such as neuroendocrine tumor of
the lung [13], basal-like, triple-negative and metaplastic car-
cinoma of breast [14], and hepatocellular carcinoma [17].
Sox10 knockdown in human melanoma cells induces senes-
cence and suppresses melanomagenesis [18]. Sox10 was re-
ported to be significantly upregulated in hepatocellular carci-
noma, and it induced proliferation of hepatocellular carcinoma
cells and elevation of 3-catenin levels [17], which formed a
Sox10/TCF4/3-catenin complex to transactivate downstream
target genes. Therefore, Sox10 is considered as an oncogene
in melanoma and hepatocellular carcinoma. In contrast, Sox10

1.04 - Nuclear Sox10 positive group in
serous carcinoma, high grade (n=18)
--- Nuclear Sox10 negative group in
serous carcinoma, high grade (n=62)
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(p = 0.013, log-rank). b Among the 80 patients with high-grade serous
adenocarcinoma, nuclear Sox10 positivity also associated with poor
overall survival (p < 0.001, log-rank)
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Table 4 Multivariate Cox regression analysis for nuclear Sox10 staining and clinicopathologic parameters for 123 adenocarcinomas and 80 high-

grade serous adenocarcinomas

Cases, n Death, n Overall survival (months) Hazard ratio p value
Ovarian adenocarcinomas

Age (years)
<50 59 11 60.5 + 38.0 1.953 0.083
>50 64 19 425 +£314

FIGO stage
lor2 46 2 62.5+37.3 13.806 <0.001*
Jor4 77 28 443 £ 332

Nodal metastasis
Negative 73 12 55.6 £36.8 0.951 0.9
Positive 50 18 44.7 £334

Distant metastasis
Negative 92 20 52.9 +£36.3 0.773 0.524
Positive 31 10 45.8 £34.0

Sox 10 nuclear expression
Negative 98 19 52.3 +36.2 3.408 0.002*
Positive 25 11 46.7 + 34.0

High-grade serous adenocarcinomas

Age, years
<50 29 55.6 £34.7 2.55 0.06
>50 51 15 41.7 £27.6

FIGO stage
lor2 16 1 53.4+£32.8 8.015 0.046*
3or4 64 20 475 +32.8

Nodal metastasis
Negative 38 46.8 £29.1 1.337 0.563
Positive 42 14 46.7 £ 32.7

Distant metastasis
Negative 53 13 45.1 £29.5 0.818 0.671
Positive 27 50.0 + 33.7

Sox 10 nuclear expression
Negative 62 11 48.8 £ 32.7 6.613 <0.001*
Positive 18 10 39.6 £22.8

Positive indicates that score is more than 14+ (>25 % of tumor cells)

functions as a tumor suppressor in some other tumors. Sox10
inhibits the Wnt/3-catenin signaling pathway in digestive car-
cinomas by interacting with (3-catenin [20]. Interaction of
Sox10 with (3-catenin inhibits tumor cell survival, metastasis,
and epithelial-mesenchymal transition and suppresses stem
cell properties [20]. Similarly, Sox10 was found downregulat-
ed in prostate carcinoma tissue compared to benign prostate
tissue. In prostate carcinoma, low immunoreactivity of Sox10
was associated with high PSA level and advanced pathologi-
cal stage [19]. Clearly, the role of Sox10 in oncogenesis of
epithelial tumors needs to be further elucidated.

We found that in ovarian carcinomas, Sox10 expression is
associated with oncogenic properties. Sox10 expression was
significantly more common in ovarian adenocarcinomas, in-
cluding serous, mucinous, and endometrioid types than in
their benign and borderline counterparts. This result is in

contrast with those of a previous study, reporting that Sox10
is not expressed in ovarian carcinomas (21 serous and 2 clear-
cell carcinomas) [21]. The number of cases in this study, how-
ever, was small, smaller tissue cores were used as well as a
different primary antibody, a goat polyclonal antibody raised
against a peptide mapping at the N-terminus of Sox 10, where-
as we used a mouse monoclonal antibody raised against re-
combinant human Sox10. The different sources of antibody
and different epitope specificity might be responsible for these
differences in immunohistochemical staining.

The adenocarcinomas in our study showed distinct Sox10
expression patterns according to histological type. Serous and
clear cell types showed both nuclear and cytoplasmic staining,
whereas mucinous and endometrioid types showed only cyto-
plasmic staining, suggesting that the pathobiology of ovarian
adenocarcinoma subtypes is different, particularly between
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mucinous and serous types. Of note, nuclear Sox10 expres-
sion was more common in clear-cell adenocarcinoma (63 %)
than in other types (0-23 %), which suggests that it might be a
useful differential marker for clear-cell carcinoma.

We found nuclear expression of Sox10 to be positively
associated with chemoresistance, in agreement with our pre-
vious report with higher expression of Sox10 mRNA in
chemoresistant HG serous adenocarcinomas [22]. We hypoth-
esize that this is associated with the stem cell supporting prop-
erties of Sox10 in normal tissues and cancer [29, 30]. Nuclear
Sox10 staining was also significantly associated with shorter
overall survival, and an independent marker of poor prognosis
in both serous adenocarcinomas and all ovarian adenocarci-
nomas. Considering that Sox10 is a transcription factor, in-
creased nuclear expression of Sox10 may be related to aggres-
siveness of a malignant tumor. In hepatocellular carcinoma
cells, Sox10 promotes proliferation and facilitates TCF4 bind-
ing to {3-catenin, the stable Sox10/TCF4/3-catenin complex
activating downstream target genes [17].

We found cytoplasmic Sox 10 staining in serous adenocar-
cinomas and in a small proportion of clear-cell carcinomas but
not in association with aggressiveness. The function of cyto-
plasmic Sox 10 is not clear. Rehberg et al. [31], however, dem-
onstrated Sox10 nucleo-cytoplasmic shuttling in HeLa and C6
cells. The active leucine-rich nuclear export signal of Sox10
appeared to be a key determinant this nucleo-cytoplasmic
shuttling and inhibition of nuclear export of Sox10 by an
export-defective mutation decreased transactivation of endog-
enous target genes. These data suggest that Sox10 nucleo-
cytoplasmic shuttling may be important in its DNA-binding
activity. Cytoplasmic Sox10 expression has also been reported
in prostatic adenocarcinoma, but not in association with poor
survival [19]. In a study on adenoid cystic carcinomas, nuclear
Sox10 staining was intense and cytoplasmic staining was de-
tectable in a majority of tumor cells [15]. Further studies on
molecular mechanisms associated with cytoplasmic expres-
sion of Sox10 are clearly needed.

In conclusion, we found that Sox10 is expressed in most
types of ovarian carcinoma and with different expression pat-
terns in different histological types. We also found nuclear
Sox10 expression to be an independent indicator of poor sur-
vival in ovarian carcinomas. Further studies on the molecular
mechanisms involved and eventual therapeutic importance of
Sox10 in ovarian carcinomas are warranted.
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