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Abstract The purpose of this study was to investigate the
relationship between the expression of CD147 and Lewis y
antigen in epithelial ovarian carcinoma tissues and resistance
to chemotherapeutic drugs, and its underlying clinical sig-
nificance, and to analyze the correlation between the
expression of CD147 and Lewis y antigen. Ninety-two
ovarian cancer patients were divided into a chemother-
apeutic-drug-resistant group (34 patients) and a drug-sensi-
tive group (58 patients). Immunohistochemical assays were
used to measure CD147, and Lewis y antigen to investigate
their correlation with chemotherapy resistance. Multivariate
logistic regression was used to analyze the relationships
between risk factors and resistance to chemotherapy in
ovarian cancer. Cox’s model was used to analyze the rela-
tionships between risk factors and prognosis. The proportion
of tissues expressing CD147 and Lewis y antigen in the drug-
resistant group were 94.12 and 91.67 %, respectively, which
were significantly higher than those in the sensitive group
(77.59 and 60.34 %, respectively). The multivariate analysis
indicated that the expression of CD147 and Lewis y antigen
and the pathological stage of the ovarian cancer were all
independent risk factors for drug resistance. Expression of
CD147 and Lewis y antigen was high in the resistant group,
and they correlated positively with each other. The expression
of CD147 and Lewis y antigen was significantly higher in the
drug-resistant group and their expression correlated posi-
tively in the ovarian epithelium. The expression of CD147
and Lewis y antigen and the pathological stage of ovarian

J.Gao - Z. Hu - J. Liu - D. Liu - Y. Wang - M. Cai -

D. Zhang - M. Tan - B. Lin (IX)

Department of Obstetrics and Gynecology, Shengjing Hospital
Affiliated to China Medical University, Shenyang 110004, China
e-mail: linbei88 @hotmail.com

cancer were all independent risk factors for drug resistance
and prognosis in ovarian cancer.
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Introduction

Ovarian cancer has the highest mortality of all female
genital neoplasms. Chemotherapeutic drug resistance is an
important factor in the treatment outcome. Therefore, it is
very important to identify the risk factors for drug resis-
tance and to identify new treatment targets.

CD147 is an inducer of matrix metalloproteinases
(MMPs). As an adhesion molecule, it is strongly expressed
in many malignant tumor cells. CD147 is considered to be
an important molecule in the progression of tumors and
influences the biological behavior of tumor cells, including
their metastasis and invasion, by inducing MMPs and
angiogenesis factors in both tumor and stromal cells.

Many studies have demonstrated that the expression of
CD147 is associated with the drug resistance of tumors, and
high expression of CD147 can increase the drug resistance of
tumor cells [1]. Small interfering RNA obstruction of
CD147 expression can increase the sensitivity of tumor cells
to chemotherapeutic drugs [1-3]. Studies have indicated that
the drug-resistance mechanism of CD147 acts through its
interaction with the hyaluronan receptor, CD44, which
affects the expression of downstream factors in the signaling
pathway [4—7]. CD147 can also influence the expression and
functions of many drug-resistance-associated proteins [8],
thereby affecting the drug resistance of tumor cells.

Glycosylation plays an important role in the functions of
the CD147 molecule [9, 10]. Lewis y antigen is a tumor-
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associated carbohydrate antigen. In a previous study, we
showed that Lewis y antigen is related to the proliferation,
adhesion, and drug resistance of tumors [11-15]. Lewis y
antigen, as part of the receptors on the surfaces of cells,
influences the biological behaviors of tumors [8, 10, 12].
Wang et al. [16] found that obstructing the N-glycosylation
of CD147 and P-glycoprotein (P-gp) or increasing their
ubiquitination and degradation enhanced the sensitivity of
MCEF7/Adr cells to doxorubicin.

Although studies of the effects of CD147 on ovarian
cancer biology and drug resistance have increased in recent
years, the effect of modifying the glycosylation of CD147
on drug resistance remains unclear. In this study, based on
previous experiments, we used immunohistochemical
methods to investigate the expression of CD147 and Lewis
y antigen and their correlation in histological samples from
patients with drug-resistant or drug-sensitive ovarian can-
cer. The relationships between these molecules and che-
motherapeutic drug resistance in ovarian cancer and their
clinical significance are discussed.

Materials and methods
Materials
Surgical samples

Ninety-two paraffin samples were obtained from operations
performed in 2006-2010 in the Department of Gynecology
and Obstetrics of Shengjing Hospital Affiliated to the China
Medical University. Following cytoreductive surgery and 6—8
cycles of systematic chemotherapy, each patient was fol-
lowed up for at least 1 year. Of the 92 cases of primary epi-
thelial ovarian cancer studied, 58 were serous
cystadenocarcinoma, eight were mucinous cystadenocarci-
noma, four were endometrioid carcinoma, seven were clear
cell carcinoma, and 15 were poorly differentiated adenocar-
cinoma. There were 15 highly differentiated, 35 moderately
differentiated, and 27 poorly differentiated tumors, according
to their histological grades. The sample included 19 stage I
tumors, 13 stage II tumors, and 60 stage III tumors [according
to the International Federation of Gynecology and Obstetrics
(FIGO) criteria]. All the tumors were primary, and the patient
information and follow-up data were complete. No chemical
treatment was used in any patient before surgery.

Drug-resistance-related clinical and pathological
parameters

Tissues were obtained between 2006 and 2010 from 92

patients with ovarian cancer who met the inclusion criteria
and for whom the follow-up data were complete. The
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clinical and pathological parameters obtained for the
ovarian cancer patients included age, clinical stage, dif-
ferentiation, histological subtype, and chemotherapy
scheme (paclitaxel + carboplatin). The patients were
divided into the chemotherapy-resistant group (34 patients)
and the chemotherapy-sensitive group (58 patients),
according to the guideline of the National Comprehensive
Cancer Network: recurrence during the chemotherapy
period or within 6 months after chemotherapy was defined
as drug resistance; recurrence 6—12 months after chemo-
therapy was defined as partial sensitivity; and recurrence
beyond 12 months after chemotherapy or no recurrence
was defined as drug sensitivity.

Main reagents

Rabbit polyclonal anti-CD147 antibody and mouse mono-
clonal anti-Lewis y antibody (clone A 70-C/C8) were
purchased from Abcam Company (UK). Bovine serum
albumin and the diaminobenzidine kit were purchased from
Zhong shan Biotechnology Company (China). Other
reagents were supplied by our laboratory.

Methods

This study was conducted at the Shengjing Hospital
Affiliated to the China Medical University, China. The
Ethics Committee of the Shengjing Hospital Affiliated to
the China Medical University approved the study
(Approval No. 2013PS166K).

Immunohistochemistry

Streptavidin—biotin—peroxidase (SP) immunohistochemis-
try was performed. The tissues were fixed in 4 % formal-
dehyde and embedded in paraffin, and 4-mm-thick serial
sections were prepared. The working dilutions of the
CD147 and Lewis y antibodies were 1:100 and 1:200,
respectively. The staining procedure was according to the
SP kit manual. Phosphate-buffered saline replaced the
primary antibody in the negative control. A liver cancer
sample was used the positive control for CD147, and a
colon cancer sample as the positive control for Lewis y
antigen.

Analysis of immunohistochemistry results

The presence of brown-colored granules on the cell
membrane or in the cytoplasm was taken to be a positive
signal and was classified according to the color intensity as
follows: not colored = 0, light yellow = 1, brown = 2,
and tan = 3. We chose five high-power fields in a series
from each slice, scored them for color intensity, and then
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calculated the average percentage cell chromatosis: posi-
tive cell rate of <5 % =0, 5-25 % = 1, 26-50 % = 2,
51-75 % = 3, and more than 75 % = 4. The final score
was determined by multiplying the positive cell rate and
the positive signal score: 0-2 was equal to negative
expression (—), 3—4 was equal to weakly positive (+), 5-8
was equal to moderate positive (++), and 9-12 was equal
to strong positive (4+++). The results were read by two
independent observers to control for variability.

Statistical analyses

The statistical analyses were performed with the SPSS
version 13 software. Data expressed as mean + SD were
used for the statistical analysis. Student’s # test was applied
to compare data between two groups, and analysis of var-
iance was used to compare data among multiple groups.

The * test was used to analyze the expression of CD147
and Lewis y antigen and the clinicopathological parame-
ters. Spearman’s correlation analysis was used to calculate
the coefficient R of the indices and to analyze their cor-
relations. Cox’s model was used to analyze prognoses. A
P < 0.05 was considered statistically significant.

Results

Expressions of CD147 and Lewis y antigen
in the ovarian tissues of each group

The expression of CD147 was mainly detected in the cell
membrane in the 92 cases of malignant ovarian tumor. Its
expression was low in the cytoplasm and nuclei, as indi-
cated by staining. The expression rate of CD147 in the
drug-resistant group was 94.12 %, which was significantly
higher than that in the drug-sensitive group (77.59 %;
P < 0.05). The expression intensity of CD147 in the drug-
resistant group was also significantly higher than that in the
drug-sensitive group. In the former, 17 tumors showed
strong positivity, representing 50 % of the group members,
whereas in the latter, only seven tumors (12 %) showed
strong positive CD147 expression (Table 1; Fig. 1).

The expression of Lewis y antigen was similar to that of
CD147. It was mainly localized to the cell membrane, and
the cytoplasm was rarely stained. Its positive expression

Table 1 Expression of CD147 and Lewis y antigen in the two groups

rate in the drug-resistant group was 91.67 %, which was
significantly higher than that in the drug-sensitive group
(60.34 %; P < 0.05) (Table 1; Fig. 1).

Drug Resistance-Related Risk Factors Univariate
Analysis

Univariate analysis of the pathological stage, pathological
grade, and pathological type of the cancer patients in the
drug-resistant and drug-sensitive groups indicated that the
two groups differed significantly only in terms of their
pathological stage (P = 0.01; Table 2).

Multivariate analysis of drug resistance in ovarian
cancer

The age, pathological stage, pathological grade, patholog-
ical type of the patient, and the expression of CD147 and
Lewis y antigen were included as the dependent variables
in a multivariate logistic regression analysis (forward
stepwise regression). The results indicated that CD147,
Lewis y antigen, and the pathological stage of the cancer
were all independent risk factors for drug resistance in
ovarian cancer (Table 3).

Correlation between the expression of CD147
and Lewis y antigen in ovarian cancer tissues

In the 92 ovarian cancer tissues examined, 58 showed
simultaneous positive expression of CD147 and Lewis y
antigen and four showed their simultaneous negative
expression.

In tissues with high-intensity CD147 expression, the
expression of Lewis y antigen was also high. The expres-
sion of the two molecules correlated linearly (R; = 0.293,
P < 0.05, Table 4).

Prognostic analysis
Survival curves
A follow-up survey of the ovarian cancer patients in the

two groups was conducted (until December 2013). The
survey data were analyzed with a Kaplan—Meier analysis,

Groups Cases CD147 Lewis y antigen

— + ++4+ +++ Positive cases Positive rate (%) — + ++ +++ Positive cases Positive rate (%)
Resistant group 34 2 5 10 17 32 94.12 3 4 19 8 33 91.67
Sensitive group 58 13 15 23 7 45 77.59 23 16 19 0 36 60.34
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Fig. 1 Expression of CD147
and Lewis y antigen. CD147
resistant group (a), CD147
sensitive group (b), Lewis y
antigen resistant group (c),
Lewis y antigen sensitive
group (d)
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Table 2 Drug resistance- Groups Total cases  Resistant group Sensitive group P value
related risk factors by univariate
analysis Cases Rate (%) Cases Rate (%)
FIGO stages
1 19 1 2.94 18 31.03 0.01
1I 13 3 8.82 10 17.24
m 60 30 88.24 30 51.72
Differentiation
High 15 5 14.71 10 17.24 0.298
Moderate 35 12 35.29 23 39.66
Poor 42 17 50.00 25 43.10
Histological subtype
Serous cystadenocarcinoma 58 24 70.59 34 58.62 0.872
Mucinous cystadenocarcinoma 8 4 11.76 4 6.90
Endometrioid carcinoma 4 1 2.94 3 5.17
Clear cell carcinoma 7 1 2.94 6 10.34
Poorly differentiated adenocarcinoma 15 4 11.76 11 18.87

and the log-rank test was used to test the results. The
mortality of patients with strong CD147 expression, drug
resistance, and pathological stages III-IV was significantly
higher than that of patients with weak CD147 expression,
drug sensitivity, and pathological stages I-II (P = 0.027,
0.000, and 0.018, respectively, Fig. 2). The mortality of
patients with positive expression of Lewis y antigen was
higher than that of patients with no Lewis y antigen
expression, but the difference was not statistically signifi-
cant. When pathological differentiation and pathological
type were used to divide the patients, the mortality of the
groups did not differ significantly (Fig. 3).
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Cox’s model

The Cox’s model analysis indicated that CD147, Lewis y
antigen, and the pathological stage of the cancer were all
independent risk factors for the prognoses of ovarian can-
cer patients (Table 5).

Discussion

CD147 was first discovered in pulmonary tissues in 1984, as
a secreted factor of human fibroblast-activated collagenase
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Table 3 Drug resistance-related risk factors by multivariate logistic
regression analysis

Factors p SE P OR 95 % CI

CD147 —1.264 0433 0.003 0.283 0.121 0.660
Lewis y antigen —1.903 0.521 0.000 0.149 0.054 0414
Pathological stage —1.233 0.523 0.018 0.291 0.105 0.811

Table 4 Correlation between expression of CD147 and Lewis y
antigen in ovarian cancer

Lewis y antigen CD147 Total
Positive cases Negative cases

Positive cases 58 10 68

Negative cases 20 4 24

Total 78 14 92

[17]. It belongs to the type I transmembrane glycoproteins of
immunity superfamily [18]. CD147, also called extracellular
matrix (ECM) metalloproteinase inducer, is so named
because of its activity in inducing the secretion of extra-
cellular MMPs. CD147 is strongly expressed in many tumor
tissues, whereas it is not expressed or is expressed at low
levels in normal tissues. It participates in many biological
processes in cells.

Matrix metalloproteinases are Zn>"-dependent proteo-
lytic enzymes that can degrade the ECM and facilitate the
metastasis of tumor cells. In tumor cells, CD147 stimulates
the secretion of MMP-1 and MMP-2. It also forms com-
plexes with MMP-1 on the surfaces of tumors, which cause
the MMPs to accumulate around the tumor cells, thereby
facilitating the degradation of the matrix surrounding them
and facilitating their migration [19].

Studies have found that the expression of CD147 in liver
transplantation patients is closely associated with CD34,
which is a marker of microvessel density [20]. In tumor
tissues, the expression of CD147 correlates positively with
the expression of vascular endothelial growth factor [21],
which suggests that CD147 is closely related to the growth,
invasion, and angiogenesis of tumors. CD147 also interacts
with integrins a3B1 and a6f1 and participates in the for-
mation of the blood—brain barrier. This implies that CD147
plays a role in the process of cell adhesion [22].

The molecular mechanism of drug resistance in tumor
cells is very complex and can involve the following factors: a
reduction in drug uptake or an increase in drug excretion;
drug deactivation; changes in drug localization; recovery
from drug-induced damage; and the inhibition of apoptosis
[23]. Changes in the cycles of tumor cells also affect drug
resistance [24]. In recent years, a new drug-resistance
mechanism in tumors, cell-adhesion-mediated drug

resistance (CAM-DR), has drawn wide attention [25-27].
Cell-ECM adhesion plays an important role in the metastasis
of tumors [26]. Tumor cells have greater survival potential
and a greater capacity to resist apoptosis when they adhere to
their surrounding environment. The growth and metastasis of
tumor cells are closely related to drug resistance. Chemo-
therapeutic drug resistance has long been a difficult problem
in the treatment of ovarian cancer. Research into the
underlying drug-resistance mechanism and targeted coun-
termeasures has been highly topical issues in ovarian cancer
studies. In recent years, CD147 has been recognized as a
drug-resistance-associated protein, and its role in tumor
multidrug resistance and the underlying mechanism have
attracted increasing attention.

It has been confirmed that CD147 is related to the drug
resistance of many tumors. Pan et al. [28], using a pro-
teomic analysis, found that the expression of CD147 is
elevated in drug-resistant tissues. After CD147 knockout in
the ovarian cancer cell line HO-8910PM, the invasive
capacity of the cells and their tumorigenic potential in nude
mice were reduced and the cells were more sensitive to
paclitaxel [29]. Yang et al. [30] found that the expression
of MDR1/P-gp and CD147/CD98hc complexes was high in
a cisplatin-resistant ovarian cancer cell line (SKOV3/
DDP), whereas in the maternal cells (SKOV3), their
expression was low. When the expression of CD98hc or
CD147 was reduced with an RNA interference technique,
both the expression of the target genes and P-gp and the
dose of cisplatin required for 50 % survival of drug-resis-
tant tumor cells (ICsg) were reduced [30]. Hao et al. [6]
found that the expression of MCT4 and MRP2 decreased
after CD147 knockout in prostate cancer cells. The sensi-
tivity of cells to docetaxel increased, and the expression of
p-AKT and p-ERK, which are closely related to cell sur-
vival and growth, was downregulated. CD147 knockout in
a human oral squamous cell line increased the cells’ sen-
sitivity to vincristine, all-transretinoic acid, and taxol [31].

In this study, we have confirmed using clinical samples
that the expression of CD147 is significantly higher in
chemotherapeutic-drug-resistant ovarian cancer than in
chemotherapy-sensitive ovarian cancer. As a newly dis-
covered drug-resistance-associated protein in tumors,
CD147 is a candidate target molecule for strategies that
inhibit tumor metastasis and reduce drug resistance in
tumors. Although the relationship between CD147 and the
drug resistance of tumors has been explained in a prelim-
inarily way, the mechanism of multidrug resistance
remains unclear. It may involve the CD44 hyaluronan
ligand and its downstream signaling pathway [4-7], or
CD147 could also affect the expression and functions of
multiple drug-resistance-associated proteins [8].

The most common form of CD147 is a single-stranded
transmembrane  glycoprotein, with  three  N-linked
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Fig. 2 Overall survival of ovarian cancer patients according to the
expression of CD147, different groups and the FIGO stages

glycosylation sites. CD147 exists as both low-glycosylated
(LG-CD147) and high-glycosylated (HG-CD147) molecules.
The N-linked glycosylation of CD147 is crucial for the
induction of MMPs, because only HG-CD147 self-crosslinks
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Fig. 3 Overall survival of ovarian cancer patients according to Lewis
y antigen, differentiation and histologic subtype

on the surface of the cell membrane and induces the synthesis
of MMPs [32]. In contrast, deglycosylated or low-glycosyl-
ated CD147 cannot induce the formation of MMPs or has
some inhibitory effect on it.
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Table 5 Cox’s regression analysis of prognosis

Factors p SE P Exp (B) 95 % CI
CD147 0.434 0.176 0.014 1.543 1.093 2.179
Lewis y antigen 3.759 1.386 0.007 420915 2.837 649.032
Age 0.574 0.213 0.007 1.775 1.170 2.693

Our previous studies showed that the fucosylation of
receptors on the surface of the cell membrane can increase
the adhesion of cells and the CAM-DR of cells [14, 33-35].
Core fucosylation is essential for cell migration and signal
transduction and plays a key role in the interaction between
intercellular and extracellular matrices. In this way, it
influences tumor cell migration. Lewis y antigen is a
doubly fucosylated oligosaccharide. As a cancer-associated
antigen, it has received attention because of its role in the
genesis and development of tumors. Wang et al. [16]
showed that obstruction of the N-glycosylation of CD147
and P-gp and their increased ubiquitination and degrada-
tion enhanced the sensitivity of MCF7/Adr cells to doxo-
rubicin. CD147 is involved in the regulation of tumor cell
growth, with an antiapoptotic effect that acts via different
pathways in breast cancer, oral squamous cancer, and head
and neck squamous cell cancer. The downregulation of
CD147 expression in liver cancer cells with RNAI inter-
ference or the treatment of liver cancer cells with anti-
CD147 antibody substantially inhibited the adhesion and
invasion of liver cancer cells [36, 37].

Our previous experiments confirmed that Lewis y anti-
gen is part of the CD147 structure. The Lewis y modifi-
cation of CD147 increases the malignant behavior of cells,
such as the proliferation and adhesion of ovarian cancer
cells and the drug resistance of cells (results to be pub-
lished). The present study has shown that the expression of
Lewis y antigen and CD147 is similar. The expression of
both was high in drug-resistant ovarian cancers, and the
expressions of CD147 and Lewis y antigen correlated
positively in the ovarian epithelium. The expression of
CD147 and Lewis y antigen and the pathological stage of
ovarian cancer were all independent risk factors for drug
resistance. Cox’s multivariate regression analysis indicated
that the expression of CD147 and that of Lewis y antigen in
tissues was independent risk factors for the prognosis of
ovarian cancer. The results of this study indicate that the
expression of CD147 and Lewis y antigen in histopathol-
ogical samples is important in predicting the drug resis-
tance and prognosis of ovarian cancers.

Li et al. [8] found that in breast cancer, CD147 regulates
P-gp, MMP2, and MMP9 via the ERK1/2 pathway, thereby
affecting the invasion and drug resistance of the cells. In a
previous study, we demonstrated that the expression of

MMP-2 and MMP-9 is elevated in the RMG-1-H cell line,
together with high expression of Lewis y antigen. After
treatment with Lewis y antigen, the expression of MMP-2
and MMP-9 decreased significantly [32]. Because Lewis y
antigen influences the biological behavior of cells via the
ERK1/2 pathway [12], it is assumed that, as part of the
CD147 structure, Lewis y antigen influences the drug
resistance of ovarian cancer via the ERK1/2 pathway.
The results of this study show that the immunohisto-
chemical assay of CD147 and Lewis y antigen in ovarian
cancer tissues can be used as an important index of the
appropriate clinical chemotherapy and the prognostic out-
come. An increased understanding of CD147 and the signal
transduction pathway involved in the chemotherapeutic
drug resistance induced by its glycosylation should provide
the foundation for chemosensitization strategies and the
development of new chemotherapeutic methods.
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