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Abstract The presence of cancer stem-like cells (CSCs) has
been demonstrated to be associated with tumor metastasis,
chemoresistance, and rapid recurrence of various tumors.
The impact of CSC-related markers in the metastasis and
prognosis of ovarian cancer has not been well established. In
this study, the protein expression of musashi-1 and ALDHI1
was measured using immunohistochemistry. Results demon-
strated that the percentage of positive musashi-1 and ALDHI
expression were significantly higher in ovarian serous adeno-
carcinomas, mucinous adenocarcinomas and clear cell adeno-
carcinomas than in cystadenomas and normal tissues. The
percentage of positive musashi-1 and ALDHI1 expression
were significantly lower in patients identified with clinical stage
I or I ovarian adenocarcinomas without lymph node metasta-
sis compared to patients with clinical stage III or IV tumors
and lymph node metastasis. The expression of musashi-1 and
ALDHI1 was found to be highly consistent in ovarian adeno-
carcinomas. Univariate Kaplan-Meier analysis showed a neg-
ative correlation between musashi-1 or ALDH1 expression
and overall survival. Multivariate Cox regression analysis
showed that positive expression of musashi-1 or ALDHI in
ovarian adenocarcinoma was an independent predictor of poor
prognosis. Our study suggested that musashi-1 and ALDH1
expression are closely related to metastasis of ovarian
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adenocarcinoma. The positive expression of musashi-1 and
ALDH1 might be a poor-prognostic factor of ovarian
adenocarcinoma.
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Introduction

Ovarian cancer is the fifth most common gynecologic ma-
lignancy in women and the leading cause of death among
gynecologic malignancies worldwide [1]. This disease is
characterized by few early symptoms and poor prognosis
[2, 3]. More than 60 % of women diagnosed with ovarian
cancer have stage III or stage IV cancer in which tumor
cells have already spread beyond the ovaries. Currently,
surgical treatment is the primary treatment for well-
differentiated and localized tumors. For patients with ad-
vanced disease, the standard treatment is a combination of
reduction surgical treatment and chemotherapy. However,
the usefulness of chemotherapy is debatable. Many patients
with ovarian cancer that initially respond well to chemo-
therapy eventually relapse with drug-resistant disease [4].
Although many studies have tried to investigate the mech-
anisms responsible for chemoresistance, the mechanism
has not been elucidated.

Cancer stem-like cells (CSC) were first identified by Dr.
John Dick in 1999 [5]. Usually, CSCs are quiescent and gen-
erate tumors through the differentiation of stem-like cells into
multiple cell types [6]. Notably, current studies point to the
presence of a small subpopulation of CSCs, which are resis-
tant to current chemotherapy and radiation regimens and may
be responsible for relapse and metastasis of cancers [7]. Ben-
son et al. study found that the remaining tumor cells after anti-
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cancer therapy have a distinct molecular phenotype compared
to tumor cells that were sensitive to the therapy [8], which
supports the theory that CSCs escape chemotherapy and allow
the tumor to grow back after an initial remission [9]. However,
there is currently no widely accepted CSC marker for ovarian
cancer.

Aldehyde dehydrogenase (ALDHI1) is a cytosolic en-
zyme responsible for oxidizing a variety of intracellular
aldehydes to carboxylic acids [10] and is widely distributed
in a variety of tissues. Recently, ALDH1 activity has been
employed as a marker of stem-like cells in many cancers
including cervical and breast cancers [9]. Also, high activ-
ity of ALDHI1 is associated with poor prognosis in breast,
bladder and prostate cancer patients [9, 11]. Moreover,
ALDHI activity was demonstrated to be significantly
higher in metastatic breast tumor cells that escaped chemo-
therapy [12]. ALDHI expression was found to be signifi-
cantly increased after chemotherapy while high ALDHI
phenotype is a good predictive marker for chemotherapy
resistance and poor prognosis [13]. ALDHI1 also plays an
important role in tumor cell proliferation, invasion, and
metastasis [14, 15]. However, the role of ALDH1 in ovarian
cancer remains controversial. Chang et al study suggests
that ALDH1 is a favorable prognostic factor in ovarian
carcinoma [16]. Therefore, other CSC markers need to be
identified and ALDH1’s role as a CSC marker in ovarian
cancer requires further investigation.

The potential of CSCs to escape anti-tumor therapy is
probably related to the regulation of gene expression by
some key molecules [17]. One candidate gene is musashi-
1. Musashi-1 was first identified as a RNA-binding protein
required for asymmetric division of sensory neuron precur-
sor cells [18]. Musashi-1 expression was then found in
mouse small intestine and in human colon crypt stem cells
[19,20]. Recently, musashi-1 expression was identified in a
variety of cancers, including endometrial carcinoma [21].
The expression of musashi-1 in these malignancies was
considered a marker of their progression, metastasis, and
prognosis. In addition, musashi-1 has been shown to acti-
vate the Notch signaling pathway by suppressing the trans-
lation of the Notch inhibitor m-Numb [22]. Therefore,
musashi-1 is not only a marker of cancer stem cells but also
functions as a signaling molecule involved in the protection
of stem cells from chemo- or radiotherpy. However, the
expression of musashi-1 in ovarian cancer has not been
investigated.

In this study, the expressions of musashi-1 and ALDH1 in
surgically resected specimens including adenocarcinoma, mu-
cinous cystadenoma tissues, and normal ovarian tissues were
examined using immunohistochemistry. The correlation of
musashi-1 and ALDHI expressions with the behavior and
prognosis of adenocarcinoma, clinical manifestations, and
survival were evaluated.
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Materials and Methods
Case Selection

Eighty ovarian adenocarcinomas, 30 ovarian cystadenomas,
and 10 normal ovarian tissues were collected between 1996
and 1999. All diagnoses were based on morphological criteria,
immunohistochemical staining, and clinical findings. Patients
of all 80 adenocarcinomas were not given chemotherapy be-
fore surgical resection. The histopathologic subtypes of the 80
adenocarcinomas included 40 serous cystadenocarcinomas,
25 mucinous cystadenocarcinomas, and 15 clear cell adeno-
carcinoma. The histopathologic grading of the 80 adenocarci-
noma patients revealed that 20 patients had stage I (G1), 28
patients had G2 and 32 patients had G3, respectively. TNM
staging was determined using the FIGO (International Feder-
ation of Gynecology and Obstetrics) staging system. Accord-
ing to the FIGO system, 14 cases had stage I, 15 had stage II,
32 had stage III, and 19 had stage IV. Among the 80 patients
with adenocarcinomas, 50 patients had regional lymph node
metastasis, while 30 had no metastasis. Among the 80 adeno-
carcinomas, 29 developed in the left ovary, 26 in the right
ovary, and 25 developed bilaterally. Survival information of
80 patients with ovarian adenocarcinomas was obtained
through letters and phone calls, of which 38 patients survived
less than 5 years, 27 patients survived 5—10 years, and 15
patients survived longer than 10 years. No case was given
preoperative chemotherapy. Sixty-five cases received postop-
erative chemotherapy, including 30 cases for PC regimen
(platinum + cyclophosphamide) and 35 cases for TP regimen
(cisplatin + paclitaxel). The histopathologic subtypes of the 30
ovarian cystadenomas included 15 serous cystadenomas and
15 mucinous cystadenomas. The study was approved by the
Ethics Committee of Xiangya hospital, Central South Univer-
sity. Signed informed consent forms were obtained from all
subjects who participated in the study. The Code of Ethics of
the World Medical Association (Declaration of Helsinki) was
followed.

EnVision Immunohistochemistry

Four-micrometer-thick sections were cut from routinely
paraffin-embedded tissues. EnVision™ Detection Kit was
purchased from Dako Laboratories (CA, USA). The staining
of musashi-1 and/or ALDH1 was carried out according to the
manufacture’s protocol. Rabbit anti-human musashi-1 and
ALDHI primary antibodies were purchased from Cruz Bio-
technology (Santa Cruz, CA, USA). Briefly, the sections were
deparaffinized and then incubated with peroxidase inhibitor
(3 % H,0,) in the dark for 15 min, followed by EDTA-
trypsin digestion for 15 min. The sections were then incubated
with primary antibody for 60 min, followed by second anti-
body for 30 min, and washed with PBS for 3 x5 min. Solution
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A was added to the sections for 30 min followed by DAB
staining and hematoxylin counter-staining. The slides were
dehydrated with different concentrations (70—100 %) of alco-
hol, soaked in xylene for 3x5 min, and finally mounted with
neutral balsam. The positive controls were positive sections of
musashi-1 and ALDHI in hepatocellular carcinoma provided
by Cruz Biotechology Agent (Beijing Zhongshan Golden
Bridge Biotechology Co., Ltd, Beijing, China). The positive
controls were positive sections of musashi-1 and ALDHI1 in
hepatocellular carcinoma provided by Cruz Biotechology
Agent (Beijing Zhongshan Golden Bridge Biotechology
Co., Ltd, Beijing, China). The negative controls used 5 % fetal
bovine serum in place of primary antibodies. The positive case
was determined mainly by the percentage of positive stained
cells with a cutoff value of 10 %. To determine the percentage,
the positively and negatively stained cells were counted from
10 random fields and the percentage of positive cells was
calculated. The case with positive cells >10 % was considered
positive.

Statistical Analysis

Data was analyzed using the statistical package for the Social
Sciences Version 13.0 (SPSS 13.0). The relationship of
musashi-1 or ALDHI1 expression with histology or clinical
factors was analyzed using x2 or Fisher’s exact test. Kaplan-
Meier and time series test (log-rank test) were used for uni-
variate survival analysis. Cox proportional hazards model was
used for multivariate analysis and to determine the 95 % con-
fidence interval.

Results

Musashi-1 and ALDH1 Expression in Ovarian
Adenocarcinomas, Mucinous Cystadenomas and Normal
Ovarian Tissues

Immunohistochemistry showed that both musashi-1 (Fig. 1)
and ALDHI1 (Fig. 2) positive reactions were mainly localized
in the cytoplasm. The percentage of cases with positive
musashi-1 or ALDHI1 expression was significantly higher in
ovarian serous adenocarcinomas (57.5 %, 50.0 %, respective-
ly), mucinous adenocarcinomas (56.0 %, 52.0 %, respective-
ly) and clear cell adenocarcinomas (66.7 %, 53.3 %, respec-
tively) than in cystadenoma tissues (6.7 %, p<0.001) and
normal tissues (0 %, p<0.001) (Table 1). This suggests that
both musashi-1 and ALDHI1 could be used to evaluate pre-
malignancy changes. Of the 47 musashi-1 positive cases,
ALDHI1 was positively expressed in 31 cases, suggesting high
consistency in expression between these two markers
(p<0.001).

The Association of Musashi-1 and ALDH1 Expressions
with Clinicopathological Characteristics of Ovarian
Adenocarcinoma

As shown in Table 2, expression of musashi-1 and ALDH1
was significantly lower in patients with clinical stage I and II
tumors with no lymph node metastasis than patients with clin-
ical stage III and IV tumor with lymph node metastasis of
adenocarcinoma (p<0.001 or p=0.004). Expression of
musashi-1 was significantly lower in cases with G1 than in
cases with G3 (p=0.009). Also, expression of ALDHI was
significantly lower in hemilateral cases than in bilateral cases
(»p=0.043). Musashi-1 and ALDHI expression exhibited no
significant association with histopathologic subtypes and oth-
er clinicopathological characteristics, such as the sex and age.

The Correlation Between Musashi-1 and ALDH1
Expression with Survival in Patients with Ovarian
Adenocarcinoma

Survival information of 80 patients with adenocarcinoma was
obtained through letters and phone calls. Of which, 38 patients
survived less than 5 years (2 patients died in the first year, 36
died in 2nd, 3rd, and 4th years, respectively, 10 died in 5th
year), 27 patients survived 5-10 years (10 patients died in the
Sth year, 6 in the 6th year, 6 in the 7th year, 3 in the 8th year, 1
in the 9th year, and 1 in the 10th year), and 15 patients sur-
vived longer than 10 years. The Kaplan-Meier survival anal-
ysis revealed that the histological grades (p=0.000), lymph
node metastasis (p=0.000), clinical stage (p=0.000) and tu-
mor location in the ovary (p=0.005) were significantly asso-
ciated with the average survival time in the ovarian adenocar-
cinoma patients. The average survival time of musashi-1 or
ALDHI positive patients was significantly shorter than pa-
tients with negative musashi-1 or ALDH1 expression
(PMusashi-1 =0.000, Pay py;=0.000) (Table 3, Fig. 3a and b).
In addition, the average survival time of patients having both
musashi-1 and ALDH1 positive expression was significantly
lower than patients with both musashi-1 and ALDH1 negative
expression (Table 3, Fig. 3c). Cox multivariate analysis
showed that histological grades, lymph node metastasis, clin-
ical stage as well as musashi-1 or ALDH1 positive expression
negatively correlated with overall survival and positively cor-
related with mortality. This suggests that histological grading,
lymph node metastasis, clinical stage, and musashi-1 and
ALDHI expressions are risk factors and have strong impact
on prognosis of ovarian cancer (Table 4).

Discussion

Cancer stem-like cells have been widely identified in ovarian
cancers. However, the prognostic impact of the cancer stem
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Fig. 1 Immunohistochemistry of
musashi-1 expression.
Immunohistochemistry showed
that positive reaction was mainly
localized in the cell cytoplasm. a)
Positive musashi-1 expression
was observed in serous
adenocarcinoma. b) Positive
musashi-1 expression in
mucinous adenocarcinoma. ¢)
Positive musashi-1 expression in
clear cell adenocarcinoma. d)
Negative musashi-1 expression
was observed in cystadenoma

cell-related markers has not been widely identified in ovarian
adenocarcinomas. In this study, we measured the expression
of ALDHI together with musashi-1 in 80 ovarian adenocar-
cinomas. We then compared the expression of the two markers
in ovarian adenocarcinomas with their expression in ovarian
benign lesions, and normal tissues of the ovary. Normal ovar-
ian tissues were found not to express musashi-1 and ALDHI,

Fig. 2 Immunohistochemistry of
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benign lesions were found to express very low levels of
musashi-1 and ALDH1, and adenocarcinomas were found to
express high levels of the two markers. Musashi-1 and
ALDHLI levels significantly correlated with tumor metastases
and clinical outcomes of adenocarcinomas. The elevated
musashi-1 and ALDHI protein levels are also important
poor-prognostic factors independent of other

ALDHI expression.
Immunohistochemistry showed
that positive reaction was mainly
localized in the cell cytoplasm. a)
Positive ALDH1 expression was
observed in clear cell
adenocarcinoma. b) Positive
ALDHI expression was observed
in serous cystoadenoma. ¢)
Positive ALDH1 expression was
observed in mucinous
cystoadenoma. d) Negative

ALDH] expression was observed
in clear cell adenocarcinoma
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Table 1 Musashi-1 and ALDH1 expressions in benign and malignant lesions of ovarian cancer
Tissue types Total No: Musashi-1 ALDHI

Pos No: (%) X2 P Pos No:(%) X2 P
S. adenocarcinoma 40 23(57.5) 19.29 <0.001 20(50.0) 14.94 <0.001
M. adenocarcinoma 25 14(56.0) 16.09 <0.001 13(52.0) 17.98 <0.001
CC. adenocarcinoma 15 10(66.7) 18.41 <0.001 8(53.3) 12.60 <0.001
Cystadenoma 30 2(6.7) 2(6.7)

*Compared with cystadenoma. S.adenocarcinoma: serous adenocarcinoma; M. adenocarcinoma: mucious adenocarcinoma: CC. adenocarcinoma: clear

cell adenocarcinoma

clinicopathological factors. To our knowledge, this is the first
report to identify musashi-1 in ovarian cancer and document
the correlation of musashi-1 and ALDHI1 expression in pa-
tients with ovarian cancer. Therefore, our study provided a
chance to validate the role of CSC-related markers in the
progression and prognosis of ovarian cancers.

A previous study demonstrated that ALDH1 was detected
in 48.9 % of ovarian carcinomas [16], but it is a favorable
prognostic factor. However, ALDHI activity has been identi-
fied as an effective CSC marker and predictor of poor prog-
nosis in several tumors [9]. In this study, 58.8 and 51.3 % of
ovarian adenocarcinomas positively expressed musashi-1 and
ALDHI, respectively. Positive musashi-1 and ALDHI ex-
pression significantly correlated with lymph node metastasis
and clinical stage, suggesting that musashi-1 and ALDHI1-
positive tumor cells may be responsible for metastasis and

worsening clinical outcomes of ovarian cancers. Unitivariate
Kaplan-Meier analysis showed that positive expression of
musashi-1 or ALDH1 was associated with decreased overall
survival of ovarian adenocarcinomas. Multivariate Cox re-
gression analysis showed that positive musashi-1 or ALDHI
expression was an independent poor-prognostic factor in ovar-
ian adenocarcinoma (Table 4). This finding suggested that
musashi-1 and ALDHI1 are poor-prognostic factors for
ovarian cancer.

Cancer cells with positive ALDH1 expression have been
demonstrated to be resistant to chemotherapy in breast cancer
[13] and lung cancer [23]. This might be due to the fact that
once CSCs are treated with chemotherapy, ALDH expression
levels increased, thereby allowing CSCs to acquire the ability
to become drug resistant [11]. However, the role of ALDH]1 in
ovarian cancer was conflicting. Chang et al. study revealed

Table 2 Association of musashi-

1 and ALDHI expressions with Clinic pathological characteristics ~ Total =~ Musashi-1 ALDHI
the clinicopathological No: 2 2
characteristics of ovarian Pos No: X p Pos No: (%)  x P
adenocarcinoma (%)
Pathological subtypes
Serous 40 23(57.5) 0.49  0.782  20(50.0) 0.06 0972
Mucinous 25 14(56.0) 13(52.0)
Clear cell 15 10(66.7) 8(53.3)
Histopathologic grading
Gl 20 8(40.0) 6.70  0.035  8(40.0) 445  0.108
G2 28 15(53.6) 12(42.9)
G3 32 24(75.0) 21(65.6)
Lymph node metastasis
Yes 50 40(80.0) 24.84  0.000  35(70.0) 19.34  0.000
No 30 7(23.3) 6(20.0)
TNM staging
I 14 321.4) 2298  0.000 3(21.4) 16.51  0.001
I 15 4(26.7) 4(26.7)
I 32 24(75.0) 19(59.4)
v 19 16(84.2) 15(79.0)
Tumor location in ovary
Unilateral 55 29(52.7) 2.63  0.172  24(43.6) 4.08  0.043
Bilateral 25 18(72.0) 17(68.0)
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Table 3  Correlation between patient survival time and expression of
musashi-1 and ALDH1 and other clinicopathological parameters

Group Number Mean survival ~ p value
of cases(n)  time(years)
Pathological subtypes
Serous 40 6.58(1-15) 0.311
Mucinous 25 6.24 (1-12)
Clear cell 15 4.67(2-12)
Histopathologic grading
Gl 20 9.50 (4-15) 0.000
G2 28 6.50 (2-11)
G3 32 3.44 (1-9)
Lymph node metastasis
No 30 11.10(5-15) 0.000
Yes 50 3.54 (1-8)
Tumor location in ovary
Hemial 55 7.22(2-15) 0.005
Bilateral 25 4.20(1-11)
TNM staging
I 14 14.50(8-15) 0.000
I 15 7.87(5-12)
I 32 4.25(2-6)
v 19 2.47(1-4)
Musashi-1
+ 47 4.17(1-15) 0.000
- 33 8.42(3-12)
ALDHI1
+ 41 4.39(1-15) 0.000
- 39 7.62(3-12)
Musashi-1 + ALDH1
Musashi-1(+)ALDHI1(+) 39 4.10(1-12) 0.000
Musashi-1(—-)ALDH1(-) 31 8.42(3-15)

that ALDH1 is a favorable prognostic factor in ovarian
endometrioid adenocarcinomas [16]. Penumatsa et al. study
found that a low level of ALDHI1 was expressed in poorly
differentiated malignant serous ovarian cancer [24]. Interest-
ingly, Wang et al., study using tissue microarray of epithelial
ovarian cancer samples revealed that patients with higher
ALDHI1 expression had poor overall survival. However, their
results did not support ALDHI1 alone as an ovarian cancer
stem cell marker [25]. In contrast, Deng et al. study revealed
that serous ovarian cancer with a high percentage of ALDH1
positive cells was associated with poor clinical outcomes [26].
A recent immunohistochemical study demonstrated that
higher ALDHI1 levels are related to poorer prognosis of pa-
tients with ovarian serous adenocarcinoma and clear cell ade-
nocarcinoma [27]. Moreover, ALDHI has been demonstrated
to be a poor prognostic factor in other gynecologic malignan-
cies in women. For example, high ALDH]1 expression was an
independent factor for poor prognosis of uterine endometrioid
adenocarcinoma [28]. It is currently unclear whether the
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Fig. 3 Musashi-1 or ALDH]1 expression and survival in patients with
ovarian adenocarcinoma. a) Kaplan-Meier plots of overall survival in
patients with ovarian adenocarcinoma and with musashi-1 positive and
negative expression. b) Kaplan-Meier plots of overall survival in patients
with ovarian adenocarcinoma and with ALDHI positive and negative
expression. ¢) Kaplan-Meier plots of overall survival in patients with
ovarian adenocarcinoma and with musashi-1 (+)ALDHI1(+) and
musashi-1(—)ALDH1(—) expression

inconsistent findings are histopathologic-type specific or
comes from the differences in antibody specificity. Our study
demonstrated that high ALDH]1 expression correlated with
short overall survival time in ovarian adenocarcinomas (40
serous adenocarcinomas and 25 mucinous adenocarcinomas),
which was not associated with the histopathological subtype
of ovarian adenocarcinomas.
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Table 4 Multivariate Cox

regression analysis of overall Group Factor RC SE RR p value 95 % CI

survival in 65 ovarian

adenocarcinoma Lower Upper
Pathological subtypes S/M/CC 0.144 0.154 0.866 0.349 0.640 1.171
Pathologic grading G1/G2/G3 0.550 0.193 1.732 0.004 1.186 2.530
Lymph node metastasis no/yes 0.944 0.429 2.631 0.025 1.113 6.159
TNM staging /v 1.076 0.237 2.932 0.000 1.842 4.669
Tumor location in ovary H/B 0.385 0.271 1.469 0.155 0.864 2.497
Musashi-1 —/+ 1.027 0.443 2.796 0.021 1.182 6.635
ALDHI1 —/+ 0.985 0.437 2.684 0.025 1.149 6.249

Interestingly, our study revealed that ALDHI expression
was consistent with musashi-1 expression in ovarian adeno-
carcinomas. Musashi-1 is involved in the fate decisions of
stem cells, including the maintenance of the stem cell state,
differentiation and tumorigenesis [29, 30]. Tumors with high
musashi-1 expression are more likely to recur and have poor
prognosis [11, 31, 32]. In addition, musashi-1 is an important
molecule involved in the protection of stem cells. In this study,
ALDHI1 was positively expressed in 26 cases of 37 musashi-1
positive cases, suggesting a high consistency between these
two markers in ovarian cancer (P=0.000). The average sur-
vival time of musashi-1 or ALDH1 positive patients was sig-
nificantly lower than patients with negative musashi-1 or
ALDHI1 expression (Pusasni-1=0.000, PALDH1=0.000)
(Table 3, Fig. 3a and b). In addition, the average survival time
of patients having musashi-1 and ALDH]1 expression was
significantly lower than patients with neither musashi-1 nor
ALDHI expression (Table 3, Fig. 3c). With the knowledge
that chemotherapeutics only interfere with rapidly growing
cells, musashi-1 and ALDH]1-positive CSCs might be spared,
leading to tumor metastasis and rapid recurrence of tumor in
ovarian cancers after chemotherapy.

By considering that cancer stem-like cells confer resistance
to chemotherapy possibly through the modification of gene
expression of key markers, targeting these markers will sensi-
tize the chemotherapy of ovarian cancer. However, whether a
gene could serve as a marker of stem/progenitor cells is
dependent on its abundance in both the tumor and its cor-
responding normal tissues [26]. Consistent with previous
studies, ALDHI is expressed in a limited number of cells
of ovarian adenocarcinomas and not expressed in normal
ovary tissues. Also, the percentage of ALDHI positive
expression in benign cystadenoma is low (6.7 %). There-
fore, ALDH1 could be used as a stem cell marker for
ovarian adenocarcinomas. Interestingly, musashi-1 exhib-
ited a similar expression pattern to ALDHI in tumor, be-
nign and normal ovarian tissues. The highly consistent
expression between musashi-1 and ALDH]1 suggested that
they are similar markers for stem/progenitor cells in
ovarian cancers.

In conclusion, positive expressions of musashi-1 and
ALDHI in ovarian adenocarcinoma are important cancer stem
cell markers that are associated with clinical biological behav-
ior and prognosis.
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