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Abstract: CD47 is a membrane receptor that belongs to the immunoglobulin superfamily and plays an important
role in the mechanisms of tumor immune escape. CD47 participates in tumor immune escape by combining with
SIRPa to reduce the phagocytic activity of macrophages. There are six potential N-glycosylation sites on CD47, and
glycosylation is known to be necessary for its membrane localization. However, it is still unknown to what extent
glycosylation influences CD47 ligand binding properties and subsequent signaling. By using immunoprecipitation
and confocal laser scanning microscopy, we showed that CD47 contains Lewis y antigen. Immunohistochemical
analysis demonstrated that both the positive expression and the overexpression of CD47 and Lewis y antigen in
cancer tissues and borderline tumors were significantly higher than those in benign ovarian tumors and normal
ovarian tissues (P < 0.05). A linear correlation between the expression patterns of CD47 and Lewis y antigen was
evident (r = 0.47, P < 0.01). The high expression of CD47 and Lewis y antigen showed significant correlations with
the clinical pathological parameters of ovarian cancer [International Federation of Gynecology and Obstetrics (FIGO)
standards, lymph node metastasis, and degree of differentiation] (P < 0.05). The Cox model and Kaplan-Meier tests
showed that high expression of CD47 was an independent adverse risk factor for the prognosis of ovarian cancer.
Cases with both high CD47 and Lewis y antigen expression had poor prognoses. Our study demonstrates that Lewis
y antigens of CD47 may play a crucial role in the development of ovarian cancer, and could be new targets for im-
munotherapy for ovarian cancer.
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Introduction notherapy in the treatment of ovarian cancer
has been a recent focus.
Ovarian carcinoma is the most common gyne-

cological malignant tumor. The mortality rate of Tumor cells are derived from normal cells.

epithelial ovarian carcinoma (EOC) ranks first of
all gynecological malignant tumors. EOC is a
major type of tumor that threatens the health of
women [1]. The early symptoms of EOC are not
obvious, and approximately 70% of presenting
patients are advanced-stage when they are
diagnosed. Due to chemoresistance and recur-
rence, the five-year survival of ovarian cancer
patients is less than 30% [2], and this situation
has not changed in recent decades. Primary
debulking surgery, followed by platinum and
taxane-based chemotherapy, is still the main
treatments for ovarian cancer, although immu-

Immune function, particularly natural killer (NK)
cells and cytotoxic T cells for tumor immune
surveillance, can effectively prevent the devel-
opment of cancer [3, 4]. However, tumor-specif-
ic transplantation antigens and tumor-associat-
ed transplantation antigens expressed by tumor
cells may mutate or not be expressed, which
will affect the presentation and activation of
T-cell antigens by dendritic cells. This would pre-
vent cytotoxic T lymphocytes from effectively
recognizing and Killing the tumor cells, thus
allowing the progeny cells to become tumor
cells and escape immune surveillance [5-7].
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Cancer stem cells (CSC) can have self-renewal,
unlimited proliferation potential, lymphatic and
distant metastases, exogenous cytotoxic drug
resistance, and other characteristics [8, 9], by
expressing specific markers. CSCs shed from
the primary tumors into the lymphatic vessels
and peripheral circulation, and can occur very
early during cancer development, providing the
“seed” for tumor metastasis and recurrence.
The cancer stem cells escape surveillance and
clearance by the immune system, which plays
an important role in the process of immune
escape of tumor cells. Recently, there has been
a significant breakthrough in the use of tumor-
specific transplantation antigens as immuno-
therapy targets on the tumor, providing new
possibilities for the treatment of this disorder.

Glycoprotein CD47 is also called integrin-asso-
ciated protein (IAP), a member of the immuno-
globulin superfamily. CD47 is involved in cell
proliferation, apoptosis, and adhesion [10-12],
playing an important role in the activation, pro-
liferation and migration of T-cells [13-15], and
inhibiting the phagocytosis of macrophages
when combined with SIRP alpha 1 (SIRPal)
[16]. In addition, CD47 is highly expressed in a
variety of hematologic malignancies, such as
acute myeloid leukemia and non-Hodgkin's
lymphoma, with high expression significantly
associated with poor prognosis [17]. CD47 is
also abnormally expressed in a variety of solid
tumors such as bladder cancer, breast cancer,
colon cancer, and prostate cancer [18]. Recent
studies suggest that CD47 plays an important
role in tumor immune escape. In particular, the
co-expression of CD47, CD44, and c-Met on the
cell surface of breast cancer stem cells has an
important role in breast cancer metastasis
[19]. Anti-CD47 antibody could eliminate and
suppress the metastasis and recurrence of
many kinds of solid tumors. Without affecting
normal cells, anti-CD47 antibody-mediated
phagocytosis of targeted tumor cells can pro-
vide antitumor activity by promoting the phago-
cytosis of these cells by macrophages [20].
Furthermore, this antibody has anticancer
effects on tumor stem cells (CSCs), and their
differentiated subtypes can alter the tumori-
genic tumor-associated macrophages (TAMSs)
into anti-neoplastic cells to enhance their
phagocytic activity. Inhibition of CD47 expres-
sion in mice enhanced the radiosensitivity of
tumor cells, and had a protective effect on nor-
mal tissues [21].
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The Lewis y antigen is a blood type-related anti-
gen that plays an important role in embryogen-
esis and the immune process of intercellular
recognition. By expressing high levels of Lewis y
antigen sperm acrosomes inhibit the innate
and acquired immune responses of the female
reproductive system, to improve the tolerance
of the female reproductive system to maximize
its own survival [22]. Lewis y antigen is also
involved in metastasis, adhesion, resistance,
and other malignant characteristics of tumor
cells. It was reported that the expression of
Lewis y antigen increased during tumorigene-
sis, such as during ovarian cancer, endometrial
cancer, pancreatic cancer, prostate cancer,
colon cancer, and non-small cell lung cancer
[23-27]. By increasing expression of glycosyl-
ation of the surface antigen CA125 [28], tumor
cells inhibit the cytotoxicity of NK cells,
to induce immune tolerance and increase the
chance of immune escape [29]. Our previous
study showed that Lewis y antigen was a struc-
tural part of CD44, and enhanced the CD44-
mediated proliferation, adhesion, and resis-
tance ability of ovarian cancer cells [30, 31].
There are six potential N-glycosylation sites for
CD47, and it is currently thought that glycosyl-
ation influences the biological function and
localization of CD47 on the cell membrane [32-
34]. However, the specific forms of glycosylated
CD47 on the membrane remain unknown. We
speculate that CD47 also has Lewis y antigen.
Therefore, the present study aimed to explore
the correlations of Lewis y antigen and CD47,
to analyze the possible correlations between
CDA47, clinical pathological features, and prog-
nosis of ovarian cancer, and to investigate the
effects of glycosylation on the biological func-
tions of CD47. Furthermore, this study provides
a theoretical basis for the use of CD47 as a
target for immunotherapy of ovarian cancer.

Materials and methods
Tissue samples and follow-up

The study was approved by the Research Ethics
Board at Shengjing Hospital affiliated to China
Medical University (IACUC permit number
2015PS19K). The 192 chosen paraffin sam-
ples were obtained from operations performed
from 2007 to 2012 in the Department of
Gynecology and Obstetrics of our hospital. All
the tissue sections had a final diagnosis pro-
vided by clinical specialists. There were 116
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cases of primary malignant ovarian tumors
(including 75 serous and 16 mucous cystade-
nocarcinomas, 17 ovarian clear cell carcino-
mas, OCCC, and 8 endometriosis), 20 border-
line ovarian tumors (including 11 mucinous and
9 serous cystadenomas), 26 benign ovarian
tumors, and 30 normal ovarian tissue samples
(excised during the surgical removal of cervical
cancers). According to pathological grading cri-
teria, the ovarian cancer group contained 11
well differentiated, 34 moderately differentiat-
ed, and 71 poorly differentiated cases. The
group included 50 stage I~1l and 66 stage llI~IV
cases, based on the International Federation of
Gynecology and Obstetrics (FIGO) standards.
The clinical and pathological patient informa-
tion was collected from their clinical records,
and included their age, surgical stage, lymph
node metastasis, pathological tumor grade and
subtype, and residual tumor size. The age range
was 16-77 years (52.7 years, median) in the
malignant ovarian tumor group, 21-78 years (37
years, median) in the borderline ovarian tumor
group, 25-61 years (44 years, median) in the
benign ovarian tumor group, and 37-65 years
(45.5 years, median) in the normal ovarian tis-
sue group. There were no statistically signifi-
cant differences in the ages of these groups (all
P > 0.05). All cases were primary, and the infor-
mation was complete. All patients received a
gastroscopy or colposcopy to exclude other pri-
mary diagnoses. Patients were not subjected to
chemotherapy prior to the operation. All the
patients underwent lymphadenectomy during
the operation. We collected information on the
clinical chemotherapeutic treatments received
and the follow-ups of 93 patients from a total
116 patients with malignant ovarian cancer.
These 93 patients underwent treatment for
ovarian cancer that included surgical debulk-
ing, followed by 6-8 postoperative cycles of
conventional chemotherapy consisting of pacli-
taxel plus carboplatin, and were followed-up for
a minimum of 3 years after the completion of
chemotherapy. We defined the overall survival
of the patients as extending from the date of
surgery to the date of death or the last follow-
up. After the operation, patients were observed
at 6-month intervals. To determine the factors
influencing survival after surgery and standard
chemotherapy, conventional variables, togeth-
er with CD47 and Lewis y antigen expression,
were tested in the 93 ovarian carcinoma
patients.
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Coimmunoprecipitation and western blot

The CAOV3 and SKOV3 ovarian cancer cell lines
were purchased from Cell Culture Collection of
Shanghai (Shanghai, China) and coimmunopre-
cipitation and western blotting were performed
as previously described [35]. Ten microliters of
CD47 antibody (goat; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) were used for coimmuno-
precipitation studies. CD47 antibody (1:1000,
rabbit; Santa Cruz Biotechnology, Santa Cruz,
CA, USA) and Lewis y antibody (1:2000, mouse;
Abcam, Cambridge, MA, USA) were used for
western blots.

Double-labeling immunofluorescence and im-
munohistochemistry

The methods of double-labeling immunofluo-
rescence and immunohistochemistry were as
previously described [36]. The working concen-
trations of primary antibodies against CD47
(Santa Cruz, rabbit) and Lewis y (Abcam,
mouse) were 1:100 and 1:100 for double-label-
ing immunofluorescence, respectively, and
1:700 and 1:400 for immunohistochemistry,
respectively. The procedures were performed
according to the manufacturer’s instructions.

Assessment standards

Immunohistochemistry: A positive result was
defined as buffy granules in the cell membrane
and cytoplasm. According to the color intensity,
no pigmentation, light yellow, buffy, and brown
were scored as 0, 1, 2, and 3, respectively. We
choose five high-power fields in a series from
each slice, then scored them and calculated
the mean percentage of the chromatic cells
as follows: chromatic cells that accounted for
less than 5% were scored 0; 5% to 25%, 1; 26%
to 50%, 2; 51% to 75%, 3; and, greater than
75%, 4. After multiplying the two numbers, O to
2 was considered (2); 3 to 4, (+); 5 to 8, (++);
and, 9to 12, (+++). The completely negative (0)
and weak (+) cases were considered as low ex-
pression; the moderate (++) and strong (+++)
cases were considered as high expressers. Two
observers read the sections to control for error.

Double-labeling immunofluorescence: The red
fluorescent was CD47 antigen (tetramethylrho-
damine, TRITC), the green fluorescent (fluores-
cein isothiocyanate, FITC) was Lewis y antigen,
and the blue fluorescence was from nuclear
staining with 4’,6-diamidino-2-phenylindole
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Figure 1. Coexpression of CD47 and Lewis y antigens
in Ovarian cell lines (CAOV3, SKOV3), IgG is negative
control (contained only 10 ul CD47 antibody).

(DAPI). After images were obtained, picture
analysis software was used for three images
at different fluorescent wavelengths. The yellow
fluorescence shows that the CD47 and Lewis y
antigens were located in the same position.

Statistical analysis

SPSS version 19.0 software (SPSS, Inc.,
Chicago, IL, USA) was used for statistical analy-
sis. The x? analysis, variance analysis, and
t-test were employed. The Cox regression model
was used for analysis of risk factors. The
Kaplan-Meier and log-rank methods were used
to analyze and compare survival curves. In
addition, Spearman’s correlation analysis was
used to analyze the correlation between the
two proteins. A bilateral P < 0.05 was consid-
ered statistically significant.

Results

Coexpression of CD47 and Lewis y antigen in
ovarian cell lines

Expression patterns of CD47 and Lewis y anti-
gen in the ovarian cancer cell lines, CAOV3 and
SKOV3, were examined using the coimmuno-
precipitation methods. The molecular weight of
CDA47 is approximately 50 kDa, which includes
Lewis y antigen (Figure 1).

Double-labeling immunofluorescence

In double-labeling immunofluorescence experi-
ments, the red fluorescence-labeled CD47 was
localized in the cell membrane and cytoplasm,
while the green fluorescence-labeled Lewis y
antigen also appeared at the cell membrane,
but was observed only to a limited extent in the
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cytoplasm. The blue fluorescence represented
nuclei after staining with DAPI. Images were
obtained, and picture analysis software was
used to accumulate three images at different
fluorescent wavelengths. The yellow fluores-
cence appeared in the positions where red and
green fluorescence overlapped simultaneously.
Our findings clearly illustrate that CD47 and
Lewis y colocalized at the same positions
(Figure 2).

Expression patterns of CD47 and Lewis y in
ovarian tissues

CDA47 is mainly expressed on the cell mem-
brane, but is also expressed in the cytoplasm.
The positive expression rates of CD47 in malig-
nant ovarian tissues, borderline tumors, benign
tumors, and normal ovarian tissues were
90.51%, 90%, 50%, and 0%, respectively.
Further analysis of high expression found that
the high expression of CD47 in cancer tissues
and borderline tumors (60.34% and 60%,
respectively) were significantly higher than in
benign ovarian tumors and normal ovarian tis-
sues (15.38% and 0%, respectively) (both P <
0.05). No significant difference was found
between the malignant group and borderline
tumor group (P > 0.05).

Similar with CD47, Lewis y antigen was mainly
expressed in the cell membrane and cyto-
plasm, with positive expression percents in
malignant, borderline, benign tumor, and nor-
mal ovarian tissues of 86.20%, 75%, 26.92%,
and 0%, respectively. Percents of high expres-
sion in the ovarian cancer group and borderline
tumor group (62.08% and 46%, respectively)
were obviously higher than in the benign tissue
group (15.38%) and normal group (0%) (P <
0.05). The expression of CD47 and Lewis y
antigen was negative in normal ovarian tissues
(Table 1; Figure 3).

Association between CD47 and Lewis y anti-
gen expression and pathological features

No significant correlation was observed
between the positive expression percents of
CD47 and Lewis y antigen and the clinical path-
ological parameters of ovarian cancer (P >
0.05). We further analyzed the high expression
of these two proteins in ovarian cancer tissue
and found that the high expression of CD47
was 69.70% in Stage llI-IV ovarian cancer,
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CAOV3 SKOV3
Figure 2. The double-labeling immunofluorescence shows the colocalization of CD47 and Lewis y antigen in ovarian

cancer cell line CAOV3 and SKOV3 (original magnification x400). Nucleus (A1, B1), Lewis y antigen (A2, B2), CD47
(A3, B3) and merged image (A4, B4).

Table 1. The expression of CD47 and Lewis y in different Ovarian Tissue

CD47 Lewis y antigen
Groups Cases Negative Positive cases High cases  Negative  Positive cases High cases
cases (%) (%) cases (%) (%)
Malignant 116 11 105 (90.51) 70 (60.34) 16 100 (86.20) 72 (62.08)
Borderline 20 2 18 (90.00)" 12 (60.00)" 5 15 (75.00)" 9 (45.00)"
Benign 26 13 13 (50.00)*% 4 (15.38)*" 19 7 (26.92)*Y 4 (15.38)%¥
Normal 30 30 0 (0)®¥ 0 (0)®¥ 30 0 (0)®¥ 0 (0)®¥

*compared with malignant group, P > 0.05; ®compared with malignant group, P < 0.01; Ycompared with borderline group, P <
0.01.

Figure 3. Expression of CD47 and Lewis y antigens in ovarian tissue groups. Immunohistochemical staining in ovar-
ian malignant tumor (A, B), borderline tumor (C, D), benign tumor (E, F), and normal ovarian tissue (G, H). CD47 (A,
C, E, G) and Lewis y (B, D, F, H; original magnification x400).

which was significantly higher than that of
Stage I-ll cancer (46%, P = 0.01).

differentiation group (67.60%) higher than that
in the middle differentiation group (52.94%,
P = 0.14) and the high differentiation group

With a decreasing degree of differentiation, the
high expression of CD47 gradually increased,
with the percent of high expression in the low
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(27.27%, P = 0.01). However, a statistically sig-
nificant difference was only observed between
the low differentiation group and the high dif-

Am J Cancer Res 2015;5(9):2777-2787
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Table 2. Correlation of CD47 and Lewis y antigen expression with clinical features of ovarian cancer

cb47 Lewisy
Features Cases szsezlzl;} ) p High (%) CZZSe:“(/;’ ) p High (%) p
Pathological Type
Serous 75 62(82.67) 49 (65.33) 62 (82.67) 49 (65.33)
Mucinous 16 14 (87.50) 7 (43.75) 13 (81.25) 7 (43.75)
o > 0.05 >0.05 > 0.05 > 0.05
Endometrioid 8 7 (87.5) 6 (75.00) 8 (100) 6 (75.00)
0occc 17 17 (100) 10 (58.82) 17 (100) 10 (58.82)
Surgical Stage
-1l 50 44 (88.00) 23 (46.00) 40 (80.00) 25 (50.00)
-1V 66 61(92.42) > 0.05 46 (69.70) 0.01 60 (90.00) > 0.05 46 (69.70) 0.031
Differentiation
High 11 8(72.72) 3(27.27) 0.01" 7(63.63) 3(27.27) 0.013"
Middle 34 31(90.32) >0.05 18(52.94) 0.14* 30(88.24) >0.05 21(61.76) 0.65"
Low 71 63(88.73) 48 (67.61) 63 (88.73) 47 (66.20)
Lymphatic Metastasis
No 96 86 (89.58) 53 (55.21) 81 (84.38) 52 (54.16)
> 0.05 0.04 > 0.05 0.048
Yes 20 19 (95.00) 16 (80.00) 19 (95.00) 16 (80.00)

“compared with low differentiation group.

Table 3. Relevance of CD47 and Lewisy
expression in ovarian cancer

CDA47 expression

Lewis y expression o, 14 Y- Total
+++, ++ 56 16 72
+, - 13 31 44
Total 69 47 116

ferentiation group. The percent high expression
of CD47 in the lymph node metastasis group
was 80%, significantly higher than that of the
group without metastasis (55.2%, P = 0.04).
The high expression of CD47 in different patho-
logical types of ovarian cancer tissues were
65.33% (serous), 43.75% (mucinous), 75%
(endometrial-like), and 58.82% (clear-cell
carcinoma), with no statistically significant
differences detected among the different
cancer types.

The high expression of Lewis y antigen in Stage
-1V patients (69.70%) was significantly higher
than that of Stage I-1l patients (50%, P = 0.031).
Similar to CD47, significant differences in high
expression of Lewis y antigen was only detect-
ed between the low differentiation group
(66.20%) and the high differentiation group
(27.27%, P = 0.013). The high expression of
Lewis y antigen in lymph node metastasis tis-
sues was as high as 80%, significantly higher
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than those without lymph node metastasis, P =
0.048. The percent high expression of Lewis y
antigen in different pathological types of ovari-
an cancer were consistent with that of CD47,
with no significant differences observed (Table
2).

Relevance of CD47 and Lewis y expression in
ovarian cancer

In total, 56 cases simultaneously had high
expression of CD47 and Lewis y antigen, and
31 cases displayed simultaneously low expres-
sions among all 116 cases of ovarian cancer.
Linear regression and correlation analyses
revealed that the expression of Lewis y antigen
and CD47 showed a linear correlation (r =
0.477, P =0.01) (Table 3).

Survival analysis

Follow-up was conducted for the 116 patients
with ovarian cancer. Up to December of 2014,
a total of 93 patients were contacted, with 23
cases lost, with follow-up times between 7~66
months. Among the 59 cases with high expres-
sion of CD47, 24 patients died, with an average
survival time of 44.7 months. Among the 34
cases in the low expression group, 3 patients
died, with an average survival time of 56.2
months. Kaplan-Meier tests were used to ana-
lyze the correlations between CD47 and prog-
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Table 4. Multivariate analysis of the prognosis of pa-

tients with ovarian carcinoma

of T-cell antigens by dendritic cells, pre-
venting immune cells from effectively rec-

ognizing and killing the tumor cells, thus

Variables P-value Exp.(B) Hazard radio (95% Cl)
FIGO (I+ll vs. IlI+IV) 0.028 3.165 1.133-8.844
CDA47 (low vs. high) 0.049 3.577 1.008-12.55

allowing the progeny cells to become
tumor cells and escape from immune sur-

nosis of ovarian cancer patients. The results
showed that the prognosis of the CD47 overex-
pression group was significantly poorer than
the low expression group (P = 0.012). Multi-
factor analyses of the prognosis of ovarian can-
cer were performed using Cox models that
included as variables, the FIGO stage, lymph
node metastasis level, and the expression
levels of CD47 and Lewis y antigen for the 116
ovarian cancer patients. The stage and high
expression of CD47 were found to be indepen-
dent prognostic risk factors for ovarian cancer
(Table 4; Figure 4).

Discussion

CD47 is a five transmembrane glycoprotein
with molecular weight of 50 kD and an
N-terminus at the extracellular domain, which
could be glycosylated [37]. CD47 plays an
important role in the physiological and patho-
logical processes of the body, and is involved in
apoptosis, proliferation, activation, and migra-
tion of many immune cells [10-12]. It is widely
expressed in malignant tumor cells and is
closely correlated with immune escape, apop-
tosis, proliferation, and metastasis of tumor
cells [17, 18, 38]. In 2013, a study showed that
the metastasis-initiating cells (MICs) had CD44,
CDA47, and receptor tyrosine kinase c-MET as
biomarkers among circulating tumor cells
(CTCs) of breast cancer [19], therefore CD47
became the subject of intense research efforts.

Carcinogenesis is a multi-gene process, during
which surface antigens on the cells change in
quantity and quality after a mutation. A few
mutant cells may express some new antigen on
their surface, which will mark the cells as “non-
self.” Under normal circumstances, these cells
are recognized, destroyed, and removed by the
natural and acquired immunity, before tumor
formation, via a process known as “immune
surveillance”. However, tumor-specific trans-
plantation antigens and tumor-associated
transplantation antigens expressed by tumor
genes may mutate or not be expressed. This
process alters the presentation and activation
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veillance. By combining with SIRPa, CD47
can produce inhibitory signals to reduce
the phagocytic activity of macrophages [39],
which then allows hematopoietic stem cells to
avoid phagocytosis. As a signal to suppress
phagocytosis, CD47 could also alter the signal,
which could then be used by tumor cells to
escape immune surveillance. Therefore, during
the early stages of tumorigenesis, cancer cells
can survive by expressing CD47 to evade moni-
toring and removal by the immune system. Our
results show that both the expression percent-
age and high expression of CD47 in ovarian
cancer and borderline ovarian tumor tissues
were significantly higher than those in benign
ovarian tumors and normal ovarian tissues. In
addition, a higher percentage of CD47 in the
early stages of ovarian cancer (88%) correlates
with a higher percentage positive in advanced
stages (92.42%). High expression of CD47 sig-
nificantly correlated with lymph node metasta-
sis and FIGO stage (P < 0.05), indicating a close
correlation between CD47 and the occurrence
and development of ovarian cancer through
cancer cell escape from immune surveillance.

Itis currently suggested that glycosylation influ-
ences the biological function and localization
of CD47 on the cell membrane. There are six
potential N-glycosylation sites on CD47, all
exposed on the surface of the cell membrane.
However, the specific forms of glycosylation
remain unknown. Lewis y antigen is one of the
blood type antigens, playing an important role
in embryo planting [40]. It is also a tumor-relat-
ed antigen [27]. Our previous studies showed
that Lewis y antigens expressed by cancer cells
are involved in many cellular functions that
influence the malignant behaviors of the cells,
including adhesion, recognition, and signal
transduction, by changing the phosphorylation
levels of receptor signaling pathway proteins
[41]. An increase of Lewis y antigens has been
associated with cancer cell invasion and spread
[42]. In this study, we confirmed that the expres-
sion of Lewis y antigen was similar to CD47.
Both the expression percentage and overex-
pression ratio of CD47 in ovarian cancer and
borderline ovarian tumor tissues were signifi-
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Figure 4. Kaplan-Meier survival analysis: (A) CD47 and (B) Lewis y antigen expression in ovarian cancer. P value,

Log rank test.

cantly higher than in benign ovarian tumors and
normal ovarian tissues. Correlation analyses
demonstrated a linear correlation between
CDA47 expression and Lewis y antigen in ovarian
cancers. By using immunoprecipitation and
confocal laser scanning microscopy, we show-
ed colocalization of CD47 and Lewis y antigen,
also suggesting that CD47 contains Lewis y
antigen. Further analysis of possible correla-
tions between CD47 and prognosis of ovarian
cancer patients showed that prognosis of the
CD47 overexpression group was significantly
poorer than the low expression group. Cox
model analyses also showed that overexpres-
sion of CD47 was an independent adverse risk
factor for the prognosis of ovarian cancer.
Studies have shown that overexpression of
CD47 was an independent risk factor in patients
with acute myeloid leukemia [38], with its
expression level negatively correlated with
prognosis of the disease, further supporting
the results of our study. It is worth noting that
the prognosis of the patients with both high
expression of CD47 and Lewis y antigen was
significantly poorer than the patients with low
expression of both antigens. These data sug-
gest that the Lewis y antigen plays an impor-
tant role in the immune escape of CDA47-
mediated tumor cells, promoting the occur-
rence and development of ovarian cancer.
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One study found that in melanoma, bladder
cancer, and ovarian carcinoma, using specific
antigens to inhibit CD47 could decrease its
binding with type 4 collagen, to inhibit these
cancer cells from metastasis in a process that
depended on integrin avpB3 [43]. It was report-
ed that CD47 could be coexpressed with
E-cadherin to mediate cell adhesion. The high
expression of CD47 decreased intercellular
adhesion, and promoted the metastasis of epi-
thelial cells [44]. Therefore, CD47 combines
with integrin avB3 and other receptors to pro-
mote the metastasis of ovarian cancer. Our pre-
vious results showed that the Lewis y antigen
was an important component of integrin avp3
and CD44, influencing integrin avp3 or CD44-
mediated malignant characteristics of ovarian
cancer [30, 31, 45]. It was therefore hypothe-
sized that the Lewis y antigen, as an important
part of CD47, affected the interaction between
CD47 and its ligands involved in mediation of
the malignant characteristics of ovarian car-
cinoma.

It was formerly thought that CD47 was a spe-
cific tumor marker of ovarian cancer [37].
However, CD47 is also expressed in many tis-
sues and organs. Although, CD47 is not a spe-
cific marker of ovarian cancer, its close relation-
ship between high expression status and the
development of ovarian cancer has been veri-
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fied in recent years. Recent studies have also
confirmed that CD47 plays an important role in
immune escape of tumors. The development of
anti-CD47 monoclonal antibodies for cancer
immunotherapy has also made significant prog-
ress. However, characterization of the glycosyl-
ated forms of CD47 is not complete, and the
role of glycosylation of CD47 in CD47-mediated
physiological and pathological processes re-
mains unknown. Future studies to relate glyco-
sylation with biological functions of CD47 may
help to provide a new target for anti-CD47
cancer immunotherapy.
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