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Abstract

Krukenberg tumor originated from stomach in female patients is common in clinical practice, but it is still uncertain whether
surgical resection of ovarian metastases could improve the outcome. Some studies suggested that a certain group of
patients could benefit from the resection of ovarian metastases. However, conclusions were different between studies and
there was no data to illustrate if certain molecular markers were associated with patients’ survival. In this study, we analyzed
the effects of resection of ovarian metastases, and investigated prognostic factors in 133 patients with ovarian metastases
originated from stomach. Furthermore, we examined the expression of some cancer stem cells (CSCs) markers or related
molecules in 64 ovarian metastases specimens and analyzed the correlation between these molecules and patients’ survival.
We found that the median overall survival (mOS) of all 133 patients was 16 months, and “gastrectomy” and “without
ascites” were two independent prognostic factors associated with longer survival. The mOS of the patients with
gastrectomy was longer than that of patients had not undergone gastrectomy (19 vs. 9 months, p = 0.048). Patients without
ascites survived longer than those with ascites (mOS: 21 vs. 13 months, p = 0.008). We also found that Sox2, CD44 or CD133
positive expression in ovarian metastases were risk factors correlated with poor survival, and Sox2 expression was an
independent prognostic indicator. These results suggested that ovarian metastasectomy might help to prolong the survivor
of some patients with Krukenberg tumor originated from stomach. Patients without ascites, and with resected or resectable
primary gastric cancer lesion could get benefit from and be potential candidate for surgical treatment. The expression of
Sox2 might serve as a prognostic indicator for predicting patients’ survival and be helpful for selecting patients in future.

Citation: Peng W, Hua R-X, Jiang R, Ren C, Jia Y-N, et al. (2013) Surgical Treatment for Patients with Krukenberg Tumor of Stomach Origin: Clinical Outcome and
Prognostic Factors Analysis. PLoS ONE 8(7): €68227. doi:10.1371/journal.pone.0068227

Editor: Neil A. Bhowmick, Cedars Sinai Medical Center, United States of America
Received January 22, 2013; Accepted May 28, 2013; Published July 9, 2013

Copyright: © 2013 Peng et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits
unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: These authors have no support or funding to report.
Competing Interests: The authors have declared that no competing interests exist.
* E-mail: guoweijian1@sohu.com (WJG); fudanlijin@163.com (JL)

@ These authors contributed equally to this work.

Introduction the samples of these studies were small (less than 70 cases) and
some of these studies enrolled patients with other origins including
colon cancer and breast cancer, but evaluated them all together
without discrimination. Therefore, we exclusively and retrospec-

Opvarian metastases originated from stomach (primarily defined
as krukenberg tumor), is usually seen in female patients with
gastric cancer [1,2]. It is considered as a late stage disease and the
prognosis is still very poor. Until now, optimal treatment has not
been established, and it is still uncertain whether surgical resection
of ovarian metastases could improve the outcome. Some studies
have investigated the role of metastasectomy in the treatment of
krukenberg tumor originated from stomach and demonstrated that
resection of ovarian metastases might prolong survival [3-6].
However, the role of ovarian metastasectomy is still under debate
and only a certain group of patients might benefit from resection
of ovarian metastases. Some studies indicated that ovarian
metastasectomy was beneficial when gross residual diseases were
thoroughly eradicated [7-9], while some other studies suggested
that metachronous ovarian metastases or unilateral ovarian

tively analyzed the outcome of metastasectomy in more patients
(n=133) with krukenberg tumor originated from stomach to get
more convincing evidence and investigated the clinical and
pathological prognostic factors to help selecting subgroups of
patients that might benefit from surgical treatment.

Apart from clinical and pathological factors, we also paid
attention to molecular biomarkers that might influence the
prognosis. Latest studies suggested that cancer stem cells (CSCs),
which are highly tumorigenic and exist as a minority population
within tumors, play significant roles in cancer initiation, progres-
sion and metastasis, and treatment failure [14,15]. CD44 and
CD133 are two stem cell biomarkers extensively investigated and
' ) ) employed to identify a series of CSCs including ovarian CSCs and
metastases might correlate with good survival [10-13]. However, gastric CSCs [14-18]. Besides CD44 and CD133, many molecules
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are also regarded as CSCs related molecules or biomarkers, such
as Oct4, Sox2, p-AKT, p-ERK, Bmi-1, Mel-18 and CBX?7. These
molecules are involved in the maintenance of stemness, or related
with tumorigenesis, progression and prognosis of some kinds of
cancer [19-25]. So we proposed that some of these CSCs related
molecules might correlate with the survival of patients who
underwent resection of ovarian metastases originated from
stomach. By investigating the clinical and pathological character-
istics of the patients and the CSCs related molecules’ expression
profile of the ovarian metastases, we aimed to identify risk factors
of prognosis which might help to select patients that could benefit
from the resection of ovarian metastases, consequently providing
optimal treatment strategy for patients with ovarian metastases
originated from stomach.

Materials and Methods

Patients

From March 1998 to March 2011, 133 patients who underwent
resection of ovarian metastases originated from stomach were
retrospectively reviewed. Among them, the primary lesion and
ovarian metastases were both resected in 89 patients, while 44
patients underwent only ovarian metastasectomy. Among 69
patients with synchronous metastases, 25 patients underwent both
gastrectomy and ovarian metastasectomy, and 44 patients only
underwent ovarian metastasectomy. All the patients’ cancer
specimens were reviewed by a board of pathologists and were
confirmed as gastric carcinoma and krukenberg tumor originated
from the stomach. The expression of CSCs related molecules was
examined in ovarian metastatic specimens obtained from 64
patients from the total population. Patients with cancer of multiple
origins and serum albumin<(35 g/L before ovarian metasetasect-
omy were excluded.

Identification of Clinical-pathological Characteristics

Clinical-pathological characteristics that possibly influence the
prognosis of patients were identified and showed in Table 1,
including age (>50 or =50 years), synchronous or metachronous
ovarian metastases, gastrectomy(yes/no), extra-ovarian metastases
before resection of ovarian metastases (yes/no), ascites before
resection of ovarian metastases(yes/no), ovarian involvement(uni-
lateral or bilateral), and residual disease post ovarian metasta-
sectomy(yes/no). Gastrectomy was defined as gastrectomy con-
current, before or after ovarian metastasectomy; extra-ovarian
metastases were determined by C'T/MRI tomography or ultraso-
nography before ovarian metastasectomy; ascites was determined
by CT/MRI tomography or ultrasonography before ovarian
metastasectomy. Ovarian metastases were diagnosed by patho-
logical examinations after ovarian metastasectomy.

Evaluation of Pathological Features and Detection of
CSCs Related Molecules Expression in Ovarian
Metastastic Lesions

Pathologic type and differentiation, and tumor/stromal cell
ratio of each tissue in paraffin sections of ovarian metastases were
evaluated by two independent pathologists. The expression of
proliferation cell nuclear antigen (PCNA), which is a marker of
cells proliferation, in cancer cells of ovarian metastases was
detected by immunohistochemical analysis (IHC) and interpreted
by two independent pathologists.

The expression of CSCs-related molecules, including CD44,
CD133, Oct4, Sox2, p-AKT, p-ERK, Bmi-1, Mel-18 and CBX7,
in paraffin sections of ovarian metastases was detected by IHC
method. THC was performed by using a highly sensitive
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streptavidin-biotin-peroxidase detection system as described [17].
The following primary antibodies were used: anti CD44 (dilution
1:100; CST), anti CD133 (dilution 1:100; Miltenyi), anti Oct4
(dilution 1:100; Abcam), anti Sox2 (dilution 1:100; CST), anti p-
AKT (dilution 1:100; CST), anti p-ERK (dilution 1:100; Santa),
anti Bmi-1 (dilution 1:100; CST), antt CBX7 (dilution 1:100;
Abcam), anti Mel-18 (dilution 1:100; Santa). All slides were
interpreted by two independent observers in a blinded fashion.
More than 5% of the cells were stained with moderate or strong
staining intensity was considered positive, otherwise, the sample
was considered negative.

Ethics Statement

The study protocol was approved by the ethics review board of
Shanghai Cancer Center, Fudan University. Written informed
consent was obtained from all study participants. All of the
procedures were done in accordance with the Declaration of
Helsinki and relevant policies in China.

Statistical Analysis

Overall survival was calculated from the date of ovarian
metastasectomy to death or last follow up time. The Kaplan-Meier
method was used to calculate survival and log-rank test was
performed to compare the difference of overall survival between
groups. Independent prognostic factors were determined by
multivariate analysis using the Cox proportional hazards model.
Pearson % test was used to determine the correlation between the
expressions of CSCs related molecules in ovarian metastatic
specimens and clinicopathologic factors. A value of P<<0.05 was
considered statistically significant. Statistical calculations were
performed using SPSS Software Version 15.0 (SPSS Inc.,Chicago,
IL,USA).

Results

Overall Survival of the 133 Patients and Prognostic
Clinical and Pathological Factors

The overall survival of the 133 patients ranged from 2 to 70
months. The median overall survivalmOS) was 16 month-
$(95%CI:13.33-18.67 months) (Figure 1A), and average overall
survival was 20 months(95%CI : 16.78-23.98 months). Univariate
analysis showed that no gastrectomy, ascites and residual disease
were risk factors correlated with poor survival (Table 1). Multi-
variate analysis by Cox proportional hazards model showed that
ascites (p=0.008, HR 1917, 95%CI 1.190-3.090) and no
gastrectomy (p =0.048, RR 1.598, 95%CI 1.003-2.545) were
two independent risk factors associated with poor survival. The
mOS of the patients with or without ascites was 13 months
(95%CI 8.79-17.21 months) and 21 months (95%CI 19.73-22.27
months) respectively, and the survival of the former was inferior to
that of the latter (p = 0.000) (Figure 1B). The mOS of the patients
who had or had not undergone gastrectomy was 19 months
(95%CI 15.35-22.65 months) and 9 months (95%CI 7.96-10.04
months) respectively, and the survival of the former was longer
than that of the latter (p =0.000) (Figure 1C). In contrast, age,
synchronous or metachronous ovarian metastases, residual diseas-
es post ovarian metastasectomy were not independent prognostic
factors by multivariate analysis.

Subgroup Analysis According to Prognostic Factors

By subgroup analysis, we investigated the prognosis factors in 89
patients who underwent both gastrectomy and ovarian metasta-
sectomy. Among them, 23 patients underwent gastrectomy
concurrently with metastasectomy, 64 patients underwent gastrec-

July 2013 | Volume 8 | Issue 7 | 68227



Surgical Treatment for Krukenberg Tumor

Table 1. Correlation between clinicopathological factors and survival of the 133 patients.

Characteristics No. of patients mOS (months) a0S (months) P value

Age =50 year 105 16 22.08 0.054
>50 year 28 9 13.90

Ovarian metastases Metachronous 64 17 22.90 0.087
Synchronous 69 13 16.51

Gastrectomy Yes 89 19 2493 0.000
No 44 9 11.56

Extra-ovarian metastasis No 119 16 20.38 0.884
Yes 14 16 17.07

Ascites No 49 21 29.86 0.000
Yes 84 13 13.94

Ovarian involvement Unilateral 29 19 2212 0.185
Bilateral 104 15 18.65

Residual disease No 50 20 28.75 0.000
Yes 83 13 14.81

mOS: median overall survival.
a0s: average overall survival.
doi:10.1371/journal.pone.0068227.t001

tomy before and 2 after ovarian metastasectomy. Multivariate
analysis showed that ascites was an independent risk factor
associated with poor survival. The mOS of patients with or
without ascites was 16 months (95%CI 18.69-23.31 months) and
21 months (95%CI 11.60-20.40 months) respectively. The
survival of patients without ascites was superior to that of the
patients with ascites (p = 0.002) (Figure 1D).

We also analyzed the 69 patients with synchronous ovarian
metastases, including 25 patients underwent both gastrectomy and
metastasectomy, and 44 patients didn’t undergo gastrectomy. We
found that the survival of the 25 patients who had undergone both
gastrectomy and metastasectomy was longer than the other 44
patients underwent metastasectomy only (21 VS. 9 months,
p=0.000) (Figure 1E).

Additionally, the mOS of the patients who had undergone
gastrectomy and without ascites was 21 months, while the patients
who hadn’t undergone gastrectomy and with ascites was only 9
months. The survival of the former was significantly longer than
that of the latter (p = 0.000) (Figure 1F).

Pathological Features and Expression of CSCs Related
Molecules in 64 Ovarian Metastatic Specimens

Pathologic type and differentiation evaluation showed that in 64
ovarian metastatic specimens, only one case was middle differen-
tiated adenocarcinoma, other 63 cases were low differentiated,
including32 adenocarcinoma, 1 mucinous adenocarcinoma, and
30 signet ring cell carcinoma. The tumor/stromal cell ratio in
metastatic specimens ranged from 10% to 85% (median, 35%) and
PCNA positive rate of cancer cells ranged from 1% to 90%
(median, 60%).

According to the results of the IHC assay of 64 tumor
specimens, CD44 and CD133 were located in the cytomembrane
with a positive rate of 72% (46/64) and 70% (45/64),respectively;
Oct4 was expressed in the nucleus and the positive rate was 79.7%
(51/64); Sox2 was distributed in the nucleus with a positive rate of
81.3% (52/64); the major part of p-AKT was located in cytoplasm
with a minor distribution in the nucleus, and the positive rate was
93.8% (60/64); p-ERK was majorly distributed in the nucleus with
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a minor part in cytoplasm, and the positive rate was 64% (41/64).
Bmi-1, Mel-18, and CBX7 were majorly located in the nucleus,
and the positive rate was 80% (51/64), 37.5% (24/64), and 53.1%
(34/64), respectively (Table 2).

The Correlation between CSCs Related Proteins

Expression and Clinicopathologic Factors and Survival

In 64 paraffin-embedded ovarian metastatic samples, we
examined the association between CSCis related proteins and the
survival of patients. Univariate analysis showed that positive
expression of CD44, CD133 and Sox2 correlated with poor
survival (the positive/negative expression profiles of the three
molecules were shown in Figure 2). The average OS in CD44
positive and negative patients was 15.77 months and 44.96
months, respectively (P=0.006) (Table 2, Figure 3A); the average
OS in CD133 positive and negative patients was 15.60 months
and 36.75 months, respectively (P=0.007) (Table 2, Figure 3B);
the average OS in Sox2 positive and negative patients was 15.85
months and 59.24 months, respectively (P=0.001) (Table 2,
Figure 3C). These results indicated that CD44, CD133 and Sox2
were risk factors associated with poor survival after ovarian
metastasectomy. However, other CSCs related proteins including
Oct4, p-AKT, p-ERK, Bmi-1, Mel-18 and CBX7 were not related
to prognosis (P values ranged from 0.240 to 0.983) (Table 2).

In these 64 cases, age, synchronous or metachronous ovarian
metastases, gastrectomy, ascites, and residual disease were also
correlated with survival by univariate analysis. Other clinicopath-
ologic factors, including pathologic type, tumor/stromal cell ratio,
and PCNA positive rate, were not correlated with survival.
Multivariate Cox proportional hazards model analysis, which
included CD44, CD133, Sox2, age, synchronous or metachronous
ovarian metastases, gastrectomy, ascites, and residual disease,
showed that only Sox2 expression was an independent prognostic
indicator of overall survival (p = 0.04).

We also evaluated the correlation between the expression of
CD44, CD133, or Sox2, and clinicopathologic factors including
pathologic type, tumor/stromal cell ratio, and PCNA positive rate.
We found that there was only a trend of correlation between Sox2
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Figure 1. Survival curves of the whole population and subgroups according to prognostic factors. (A) Overall survival curve of the total
133 patients. (B) Survival curves of the patients with or without ascites. (C) Survival curves of the patients who had or hadn’t undergone gastrectomy.
(D) Survival curves of the patients with or without ascites in the subgroup of 89 patients who underwent gastrectomy. (E) Survival curves of the
patients had or hadn’t undergone gastrectomy in the subgroup of 69 patients with synchronous ovarian metastasis. (F) Survival curves of patients
who underwent gastrectomy and without ascites or patients who hadn’'t undergone gastrectomy and with ascites.
doi:10.1371/journal.pone.0068227.g001
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Table 2. Correlation between expressions of CSCs related
proteins and survival.
No. of mOS a0s

Factors patients (months) (months) P value

CD44 Positive 46 11 15.57 0.006
Negative 18 * 44.96

CD133 Positive 45 9 15.60 0.007
Negative 19 25 36.75

0CT4 Positive 51 14 23.83 0.983
Negative 13 13 19.85

SOX2 Positive 52 11 15.85 0.001
Negative 12 * 59.24

p-AKT Positive 60 14 2332 0.821
Negative 4 3 12.25

p-ERK Positive 41 13 19.11 0.653
Negative 23 17 29.36

Bmi-1 Positive 51 12 22.18 0.240
Negative 13 27 20.44

Mel-18 Positive 24 13 22.29 0.710
Negative 40 16 19.90

CBX-7 Positive 34 10 22.88 0.278
Negative 30 16 21.67

*More than half of the patients were still alive at last follow up and mOS could

not be calculated.

mOS: median overall survival.

a0sS: average overall survival.

doi:10.1371/journal.pone.0068227.t002
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expression and synchronous or metachronous ovarian metastases
(p=0.071), or residual disease (p=0.087); CD44 expression and
extra-ovarian metastases (p = 0.077) (Table 3).

Discussion

Previous studies showed that the prognosis of patients with
metastatic gastric cancer was very poor and the mOS ranged from
9-11 months after receiving chemotherapy [26-28]. Even when
Trastuzumab was administered to combine with chemotherapy for
advanced or metastatic gastric cancer patients with overexpression
of HER-2, mOS was only modestly improved to 13 months [29].
However, the positive rate of HER-2 was low (about 10%-20%),
thus only a few patients can get benefit from Trastuzumab
administration [30]. In our study, the mOS of the patients
underwent ovarian metastasectomy originated from stomach was
16 months, significantly longer than that of patients with
metastatic gastric cancer received chemotherapy in previous
reports [26-29]. Thus the outcome possibly favors the role of
ovarian metastasectomy in female gastric cancer patients with
ovarian metastasis.

Prognostic factors and subgroup analysis can help to select
patients who might get benefit from surgical treatment. In the
present study, we found that no gastrectomy and with ascites were
two independent risking factors associated with poor survival in
patients underwent ovarian metastasectomy. The mOS of patients
who had undergone gastrectomy was significantly longer than that
of patients who had not (19 vs. 9 months, p = 0.048). Moreover, in
the 69 patients with synchronous ovarian metastases, the survival
of 25 patients who underwent both gastrectomy and ovarian
metastasectomy was also significantly longer than that of the rest
44 patients who hadn’t undergone gastrectomy (mOS: 21 vs. 9
months, p=0.000). Some of previous studies indicated that
synchronous ovarian metastasis was an unfavorable factor

C

Figure 2. Expressions of three CSCs related molecules in paraffin sections of ovarian metastases. A representative figure of positive
(upper panel) or negative (lower panel) expression of (A) CD44, (B) CD133, and (C) Sox2 detected by IHC as described in experimental procedures
(original magpnification, x200).

doi:10.1371/journal.pone.0068227.g002
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Figure 3. Expressions of three CSCs related molecules in ovarian metastases correlated with patients’ survival. (A) Survival curves of
patients with positive or negative expression of CD44. (B) Survival curves of patients with positive or negative expression of CD133. (C) Survival curves
of patients with positive or negative expression of SOX2.

doi:10.1371/journal.pone.0068227.9003

Table 3. Correlation between CSCs related proteins expressions and clinicopathological characteristics.
Sox2 CD44 CD133
(+) (=) P (+) (=) P (+) (=) P
pathological type
adenocarcinoma 27 6 0.904 24 9 0.876 24 9 0.663
signet ring cell carcinoma/ 25 6 22 9 21 10
mucinous adenocarcinoma
tumor/stromal cell ratio
>30% 27 7 0.688 25 9 0.754 24 10 0.959
=30% 25 5 21 9 21 9
PCNA
>25% 37 10 0.638 33 14 0.945 32 15 0.937
=25% 11 2 9 4 9 4
age
>50 years 10 5 0.202 9 6 0.400 10 5 0.976
=50 years 42 7 37 12 35 14
ovarian metastases
metachronous 28 3 0.071 23 8 0.689 22 9 0.911
Synchronous 24 9 23 10 23 10
gastrectomy
No 22 3 0.426 18 7 0.986 20 5 0.174
Yes 30 9 28 11 25 14
extra-ovarian metastasis
No 42 12 0.225 36 18 0.077 38 16 1.000
Yes 10 0 10 0 7 3
ascites
No 14 6 0.227 12 8 0.154 13 7 0.531
Yes 38 6 34 10 32 12
ovarian involvement
Bilateral 1 10 1.000 38 13 0.560 34 17 0.355
Unilateral 1" 2 8 5 1 2
residual disease
No 18 8 0.087 19 7 0.860 19 7 0.689
Yes 34 4 27 11 26 12
doi:10.1371/journal.pone.0068227.t003
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correlated with poor survival [31]. However, in our study, we
found that no gastrectomy, but not synchronous or metachronous
metastasis, was an independent prognostic factor associated with
poor survival. It suggested that gastrectomy or not is more
important than synchronous or metachronous metastasis for
prognosis. Even in synchronous metastasis, patients underwent
both gastrectomy and ovarian metastasectomy survived longer and
got benefit from surgical treatment when primary gastric cancer
lesion can also been resected. While the mOS of the patients who
hadn’t undergone gastrectomy was only 9 months, similar to that
of patients with metastatic gastric cancer after receiving chemo-
therapy [26-29]. So survival could not be improved if the original
tumor lesion was not eradicated, even though the ovarian
metastasis was resected. Due to this finding, we don’t advocate
ovarian metastasectomy if the primary site hadn’t or couldn’t been
resected.

The survival of patients without ascites was significantly longer
than that of patients with ascites (mOS: 21 vs. 13 months,
p=0.008). Additionally, based on the analysis of the 89 patients
who underwent both ovarian metastasectomy and gastrectomy, we
also found that ascites was an independent risking factor associated
with poor survival (p = 0.003). The results were consistent with that
in Li’s study [31]. In gastric cancer patients, ascites may be caused
by tumor invasion of peritoneum or malnutrition and ascites were
usually associated with disseminative metastases in abdomen-
pelvic cavities. In the present study, we excluded the patients with
low blood albumin in order to exclude the nutritional factor
related ascites, so in our study ascites might serve as an indicator of
disseminative abdomen-pelvic metastasis. Previous studies have
indicated that disseminative abdomen-pelvic metastases correlated
with poor prognosis [7-9], but it’s more convenient and easier to
use ultrasonography or CT/MRI tomography to detect ascites
than to detect abdomen-pelvic metastases especially in those
patients with disseminative but small metastatic tumor lesions. So
it was rational for us to select ascites as the parameter to predict
patients’ outcome prior to ovarian metastasectomy. We did not
find residual disease or unilateral ovarian metastases as risk factors
associated with survival, which were proposed in other studies [7—
10]. We speculated that, this may be related to the retrospectively
design of our study and confounding factors.

As the mOS of the patients who had undergone gastrectomy
and without ascites was 21 months, which is much longer than that
of the patients with metastatic gastric cancer receiving chemo-
therapy (9-11 months) in previous reports, it is rational to
conclude that this subgroup of patients could get benefit from and
be potential candidate for surgical treatment. On the other hand,
as the mOS of the patients with primary lesion hadn’t been
resected or with ascites was similar with that of the patients with
metastatic gastric cancer receiving chemotherapy in literature,
ovarian metastasectomy should not be recommended for these
patients.

There was significant correlation between the expression of
three GSCs related molecules (Sox2, CD44 and CDI133) in
ovarian metastases and the survival of patients. CD44 and CD133
were extensively investigated and regarded as CSCs markers in a
series of tumors including gastrointestinal tumors [20,21]. CD44
has numerous functions, such as supporting cell migration and
transmitting proliferation signals [19]. CD133 was widely distrib-
uted in gastric cancer cells and when it was antagonized by special
antibody, the growth of gastric tumor will be inhibited [32].
Futhermore, it was reported that CD133 was an independent
prognostic factor superior to the depth of invasion and similar to
nodal involvement in gastric cancer [33]. In the present study,
among 64 cases, the positive rates of CD44 and CD133 in ovarian

PLOS ONE | www.plosone.org

Surgical Treatment for Krukenberg Tumor

metastatic specimens were 71.9% and 70.3%, respectively. The
survival of patients with positive expression of CD44 or CD133 in
tumor tissue was much shorter than that of patients with negative
expression. These results suggested that CD44 and CD133 were
risk factors correlated with poor prognosis.

Sox2 is a key transcription factor required for maintaining cells’
pluripotency. Overexpression of Sox2, Oct4, Klf4 and c-Myc in
somatic/mature cells could generate induced pluripotent stem cells
(iPS), showing the critical role of Sox2 and Oct4 in maintaining
the pluripotency of stem cells [34]. Sox2 plays an important role in
the regulation of organ development and cell type specification,
especially in the development of embryonic stem cells (ESCs) [35].
Sox2, or Oct4 also plays a pivotal role in cancer development
[36,37]. In the present study, we found that Sox2, but not Oct4,
was a risk factor associated with poor survival. Importantly, Sox2
expression was an independent prognostic indicator of overall
survival, which suggests its’ importance in determining the
prognosis and that it might serve as a prognostic indicator for
predicting patients’ survival and be helpful for the selection of
patients in future.

Though PISK/AKT and ERK-MAPK signaling pathways were
reported to be essential for maintaining the pluripotency of stem
cells and play important roles in cancer progress [23,38], we didn’t
find p-AKT and p-ERK, activated molecules of these two
pathways, correlated with prognosis according to our present
results. We also didn’t find that the expression of Bmi-1, Mel-18
and CBX7, which are the members of polycomb family proteins,
correlated with the prognosis. Polycomb group (PcG) proteins play
important roles in the development of vertebrate organisms,
regulation of cell proliferation, senescence and tumorigenesis. We
have found that Bmi-1 and CBX7 were overexpressed in gastric
cancer tissues and correlated with cancer progress and prognosis,
while Mel-18 expression inversely correlated with Bmi-1 expres-
sion and Mel-18 could negatively regulate Bmi-1 [39-41].
Although we didn’t find Bmi-1, Mel-18 or CBX-7 expression
were prognostic factors, it’s still too early to deny the prognostic
value of these proteins as the limited samples in our study.

It’s still uncertain of the existence and the role of GSCs in gastric
cancer. The results of high positive expression rate of CSCs related
proteins in ovarian metastatic tissues of gastric cancer, and the big
difference of mOS between patients with positive and negative
expression of some CSCs related molecules (CD44, CD133, or
SOX2) suggested the existence of CGSCs in gastric cancer and that
some CSCs markers or related proteins might serve as prognostic
factors and help to select patients who might get benefit from
surgical treatment in the future. Due to the retrospective design of
our study and the fact that the IHC examination was performed in
limited cases, prospective trials are needed to extensively elucidate
the factors correlated with survival of patients with ovarian
metastases originated from stomach underwent ovarian metasta-
sectomy.

Conclusions

Opvarian metastasectomy might be helpful for prolonging the
survivor time of some patients with Krukenberg tumor originated
from stomach. Patients without ascites, and with resected primary
gastric cancer lesion could get benefit from and be potential
candidate for surgical treatment. We do not recommend patients
to undergo ovarian metastasectomy if the primary stomach lesion
hadn’t or couldn’t been resected, or ascites was detected. Positive
expression of three CSCs related molecules, CD44, CD133 or
Sox2, correlated with poor survival, and expression of Sox2 was an
independent prognostic factor. Prospective studies are needed to
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further confirm the benefit of ovarian metastasectomy in selected
patients.

Acknowledgments

The authors thank the following individuals for their assistance with the
conduct of the study: Yu-Fan Chen, Xiao-Wei Zhang, and Li-Qing Zhao.
The authors also acknowledge the efforts of the dedicated study volunteers.

References

20.

21.

. Al-Agha OM, Nicastri AD (2006) An in-depth look at Krukenbergtumor: an

overview. Arch Pathol Lab Med 130: 1725-1730.

. Ekbom GA, Gleysteen JJ (1980) Gastric malignancy: resection for palliation.

Surgery 88: 476-481.

. McGill F, Ritter DB, Rickard C, Kaleya RN, Wadler S, et al. (1998)

Management of Krukenberg tumors: an 11-year experience and review of the
literature. Prim Care Update Ob Gyns 5: 157-158.

. Chiavellati L, Castaldo P, Stipa F, Di Stefano D, Campagnol M, et al. (1992)

Surgical treatment of Krukenbergtumours: case reports and clinical consider-
ation. Ital ] Gastroenterol 24: 412-417.

. McGill FM, Ritter DB, Rickard CS, Kaleya RN, Wadler S, et al. (1999)

Krukenberg tumors: can management be improved? GynecolObstet Invest 48:
61-65.

. Ayhan A, Guvenal T, Salman MC, Ozyuncu O, Sakinci M, et al. (2005) The

role of cytoreductive surgery in nongenital cancers metastatic to the ovaries.

Gynecol Oncol 98: 235-241.

. Kim HK, Heo DS, Bang Y]J (2001) Prognostic factors of Krukenberg’stumor.

Gynecol Oncol 82: 105-109.

. Yonemura Y, Bandou E, Kinoshita K, Kawamura T, Takahashi S, et al. (2003)

Effective therapy for peritoneal dissemination in gastric cancer. Surg Oncol

Clin N Am 12: 635-648.

. Jun SY, Park JK (2011) Metachronous ovarian metastases following resection of

the primary gastric cancer. J Gastric Cancer 11: 31-37.

. Cheong JH, Hyung WJ, Chen J, Kim J, Choi SH, et al. (2004) Surgical

management and outcome of metachronousKrukenberg tumors from gastric
cancer. J Surg Oncol 87: 39-45.

. Wang J, Shi YK, Wu LY, Wang JW, Yang S, et al. (2008) Prognostic factors for

ovarian metastases from primary gastric cancer. Int J Gynecol Cancer 18: 825
832.

. Magee JA, Piskounova E, Morrison SJ (2012) Cancer stem cells: impact,

heterogeneity, and uncertainty. Cancer Cell 21: 283-296.

. Jun SY, Park JK (2011) Metachronous ovarian metastases following resection of

the primary gastric cancer. J Gastric Cancer 11: 31-37.
Sales KM, Winslet MC, Seifalian AM (2007) Stem cells and cancer: an overview.
Stem Cell Rev 3: 249-255.

. Alvero AB, Chen R, Fu HH, Montagna M, Schwartz PE, et al. (2009) Molecular

phenotyping of human ovarian cancer stem cells unravels the mechanisms for
repair and chemoresistance. Cell Cycle 8: 158-166.

. Xue Z, Yan H, Li J, Liang S, Cai X, et al. (2012) Identification of cancer stem

cells in vincristine preconditioned SGC7901 gastric cancer cell line. J Cell

Biochem 113: 302-312.

. Takaishi S, Okumura T, Tu S, Wang SS, Shibata W, et al. (2009) Identification

of gastric cancer stem cells using the cell surface marker CD44. Stem Cells 27:
1006-1020.

. Curley MD, Therrien VA, Cummings CL, Sergent PA, Koulouris CR, et al.

(2009) CD133 expression defines a tumor initiating cell population in primary
human ovarian cancer. Stem Cells 27: 2875-2883.

. Louderbough JM, Schroeder JA (2011) Understanding the dual nature of CD44

in breast cancer progression. Mol Cancer Res 9: 1573-1586.

Yu J, Vodyanik MA, Smuga-Otto K, Antosiewicz-Bourget J, Frane JL, et al.
(2007) Induced pluripotent stem cell lines derived from human somatic cells.
Science 318: 1917-1920.

Chen YC, Hsu HS, Chen YW, Tsai TH, How CK, et al. (2008) Oct-4
expression maintained cancer stem-like properties in lung cancer-derived
CD133-positive cells. PLoS One 3: ¢2637.

. Tazzari PL, Cappellini A, Ricci F, Evangelisti C, Papa V, et al. (2007) Multidrug

resistance-associated protein 1 expression is under the control of the
phosphoinositide 3 kinase/AKT signal transduction network in human acute
myelogenous leukemia blasts. Leukemia 21: 427-438.

PLOS ONE | www.plosone.org

Surgical Treatment for Krukenberg Tumor

Author Contributions

Conceived and designed the experiments: WJG JL WP RXH. Performed
the experiments: WP RXH RJ CR YNJ. Analyzed the data: WP RXH.
Contributed reagents/materials/analysis tools: RXH WP. Wrote the
paper: WP RXH.

27.

28.

30.

31.

33.

34.

36.

37.

38.

39.

40.

41.

. LiJ, Wang G, Wang C, Zhao Y, Zhang H, et al. (2007) MEK/ERK signaling

contributes to the maintenance of human embryonic stem cell self-renewal.
Differentiation 75: 299-307.

. Lukacs RU, Memarzadeh S, Wu H, Witte ON (2010) Bmi-1 is a crucial

regulator of prostate stem cell self-renewal and malignant transformation. Cell
Stem Cell. 7: 682-693.

5. Forzati F, Federico A, Pallante P, Fedele M, Fusco A (2012) Tumor suppressor

activity of CBX7 in lung carcinogenesis. Cell Cycle. 11: 1888-1891.

. Ajani JA, Rodriguez W, Bodoky G, Moiseyenko V, Lichinitser M, et al. (2010)

Multicenter phase III comparison of cisplatin/S-1 with cisplatin/infusional
fluorouracil in advanced gastric or gastroesophageal adenocarcinoma study: the
FLAGS trial. J Clin Oncol 28: 1547-1553.

Van Cutsem E, Moiseyenko VM, Tjulandin S, Majlis A, Constenla M, et al.
(2006) Phase III study of docetaxel and cisplatin plus fluorouracil compared with
cisplatin and fluorouracil as first-line therapy for advanced gastric cancer: a
report of the V325 Study Group. J Clin Oncol 24: 4991-4997.

Cunningham D, Starling N, Rao S, Iveson T, Nicolson M, et al. (2008)
Capecitabine and oxaliplatin for advanced esophagogastric cancer. N Engl ] Med
358: 36-46.

. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, et al. (2010)

Trastuzumab in combination with chemotherapy versus chemotherapy alone for
treatment of HERZ2-positive advanced gastric or gastro-oesophageal junction
cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet. 376:
687-697.

Kataoka Y, Okabe H, Yoshizawa A, Minamiguchi S, Yoshimura K, et al. (2012)
HER2 expression and its clinicopathological features in resectable gastric cancer.
Gastric Cancer. Mar 14. [Epub ahead of print].

Li W, Wang H, Wang J, Lv F, Zhu X, et al. (2012) Ovarianmetastasesresection
from extragenitalprimarysites: outcome and prognosticfactoranalysis of 147
patients. BMC Cancer. 12: 278.

Smith LM, Nesterova A, Ryan MC, Duniho S, Jonas M, et al. (2008) CD133/
prominin-1 is a potential therapeutic target for antibody-drug conjugates in
hepatocellular and gastric cancers. Br J Cancer. 99: 100-109.

Ishigami S, Ueno S, Arigami T, Uchikado Y, Setoyama T, et al. (2010)
Prognostic impact of CD133 expression in gastric carcinoma. Anticancer Res
30: 2453-2457.

Takahashi K, Tanabe K, Ohnuki M, Narita M, Ichisaka T, et al. (2007)
Induction of pluripotent stem cells from adult human fibroblasts by defined
factors. Cell 131: 861-872.

5. Pevny LH, Lovell-Badge R (1997) Sox genes find their feet. Genet Dev 7: 338

344.

Wang Q, He W, Lu C, Wang Z, Wang ], et al. (2009) Oct3/4 and sox2 are
significantly associated with an unfavorable clinical outcome in human
esophageal squamous cell carcinoma. Anticancer Res 29: 1233-1241.

Monk M, Holding C (2001) Human embryonic genes re-expressed in cancer
cells. Oncogene 20: 8085-8091.

Cinti C, Vindigni C, Zamparelli A, La Sala D, Epistolato MC, et al. (2008)
Activated AKT as an indicator of prognosis in gastric cancer. Virchows Arch
453: 449-455.

Zhang XW, Sheng YP, Li Q, Qin W, Lu YW, et al. (2010) BMI1 and Mel-18
oppositely regulate carcinogenesis and progression of gastric cancer. Mol Cancer
9: 40.

Zhang XW, Zhang L, Qin W, Yao XH, Zheng LZ, et al. (2010) Oncogenic role
of the chromobox protein CBX7 in gastric cancer. J Exp Clin Cancer Res 29:
114.

Lu YW, LiJ, Guo WJ (2010) Expression and clinicopathological significance of
Mel-18 and Bmi-1 mRNA in gastric carcinoma. J Exp Clin Cancer Res 29: 143.

July 2013 | Volume 8 | Issue 7 | 68227



