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Invasive micropapillary carcinoma (IMPC) is a rare variant of ductal carcinoma of the breast, and is
characterized by a high metastatic potential and an aggressive clinical course. Studies of CD146 expression
and function in breast cancer remain scarce. The aim of this study was to evaluate the role of CD146 and
microvessel density (MVD) in breast IMPC. CD146 mRNA expression and immunohistochemistry for
CD146 and MVD measured by CD31 were assessed in 82 cases of IMPC and 137 cases of invasive ductal

Ic(eDyl‘X‘érdS: carcinoma, not otherwise specified (IDC-NOS). The mRNA level of CD146 in cancer specimens was higher
Angiogenesis in IMPC than in IDC-NOS. CD146 expression in tumor cells was up-regulated in IMPC as compared with
Breast IMPC that in IDC-NOS, and was positively correlated with histological grade, ER, PR status, and P53 expression

in IMPC and IDC-NOS. CD146 expression in vascular endothelial cells was significantly higher than that
in IDC, and was positively correlated with tumor progression in IMPC and IDC-NOS. MVD in IMPC was
significantly higher than that in IDC. CD146 expression in tumor cells was positively correlated with that
in vascular endothelial cells of IMPC and IDC-NOS. The association of CD146 expression with MVD and its
correlation with progression in breast carcinoma indicated that CD146 is a potentially useful prognostic
marker for breast cancer. CD146 could be a new drug target in the treatment of breast cancer.

© 2011 Elsevier GmbH. All rights reserved.

Microvessel density (MVD)

Introduction

Invasive micropapillary carcinoma (IMPC) of the breast, a special
subtype of breast cancer with a high incidence of axillary lymph
node metastases, recurrence, distant metastasis, and poor clinical
outcome [5,18], serves as a good model for the research of tumor
invasion, metastasis, and relapse.

CD146, also referred to as MUC18, Mel-CAM, or MCAM, is
a newly recognized cell adhesion molecule belonging to the
immunoglobulin super-family [13,24]. It is initially identified as a
progression marker of melanoma, and plays an important role in
promoting melanoma progression and metastasis [23,24].

Angiogenesis, the outgrowth of new capillaries from preexisting
vessels, is essential in a variety of physiological and pathological
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processes, such as embryo implantation, female menstrual cycle,
tumor, and other diseases [8]. Numerous pieces of evidence have
supported that the uncontrolled angiogenesis is a key point for
tumor growth and metastasis [3,31], and thereby anti-angiogenesis
has become one of the most promising strategies for cancer therapy
[20]. CD146 is a key molecule in vascular endothelial cell activity
and angiogenesis [19,21].CD146 is associated with advanced tumor
stage in ovarian cancers and could be a poor-prognosis factor that
predicts early tumor relapse [1]. In pulmonary adenocarcinomas,
CD146 expression is associated with shorter patient survival [12].

Recent findings [22] provided direct evidence that CD146 is a
sensitive and specific immunocytochemical marker enabling the
differential diagnosis of malignant pleural mesothelioma from
reactive mesothelium. In addition, combined use of anti-CD146 and
anti-Epithelial cell adhesion molecule (EpCAM) is likely to improve
the detection of circulating tumor cells in breast cancer patients
[17,30].

Evaluation of the expression of CD146 in IMPC has not been
reported previously. In this study, we examined immunohisto-
chemically the expression of CD146 and CD31 for microvessel
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Fig. 1. Invasive micropapillary carcinoma (IMPC) (HE) with micropapillary differen-
tiation, characterized by pseudopapillary or tubuloalveolar structures, often within

clear spaces.

density (MVD) in 82 cases of IMPC in comparison with 137 cases of
invasive ductal carcinoma, not otherwise specified (IDC-NOS).

Materials and methods

Patient selection and review

We analyzed paraffin-embedded tumor tissue of 82 patients
with breast IMPC (Fig. 1) obtained from a total of 4211 cases

of breast cancer diagnosed between January 2006 and December
2007.The cases wereregistered in the archives of the Department of
Breast Cancer Pathology and Research Laboratory, Cancer Hospital
of Tianjin Medical University, Tianjin, China.

For reverse transcriptase-polymerase chain reaction (RT-PCR),
all breast cancer tissues were obtained from patients who had
undergone surgical resection from January 2009 to December 2010.
After the standard procedure for clinical diagnosis was completed,
additional tissues were cut into small pieces, snap frozen in lig-
uid nitrogen, and stored in a —80 °C freezer until use. The tumors
which present over 50% the amount of the IMPC component were
selected for PCR. None had received preoperative radiation or
chemotherapy. Tissue used in this study was approved by the Ethics
Committee of the Cancer Hospital of Tianjin Medical University.

The histopathology was reviewed, and in each case, the diagno-
sis was confirmed independently by three pathologists (LF, RL, and
YF) using the WHO criteria [26]. IMPCs were divided into grades
1, 2 and 3 based on the Elston and Ellis grading system [6]. All
of the IMPC were confirmed by immunohistochemical staining for
epithelial membrane antigen (EMA). Our prior study [5] demon-
strated that the amount of the IMPC component in a tumor had no
significant association with the rate of lymph node metastasis and
other prognostic factors, and therefore the cases were tabulated as
a single group.

A hundred and thirty-seven patients with IDC-NOS were
retrieved from the corresponding time period and randomized as
control.

All patients were women ranging in age from 26 to 79 years
(median 51 years).

Table 1
Comparison of clinicopathological characteristics of IMPC and IDC-NOS.

Characteristics IDC-NOS IMPC P

Age (year), (mean +SD) 51.6+£10.0 51.7+£9.2 0.9262

Tumor size (cm), (mean =+ SD) 27+1.7 3.6+18 <0.0012

CD146 (vascular endothelial cells), (mean + SD) 47.4+19.4 55.2+20.2 0.0052

CD31, (mean=+SD) 46.7+19.2 55.1+19.1 0.002?

Histological grade, no (%) 0.061°
Grade 1 18(16.2) 8(11.4)
Grade 2 77 (69.4) 42 (60.0)
Grade 3 16 (14.4) 20(28.6)

Lymph node metastasis, no (%) <0.001°
Absent 77 (56.2) 13(15.9)
Present 60 (43.8) 69 (84.1)

PTNM, no (%) <0.001P
Stage 1 36(26.3) 9(11.0)
Stage 2 69 (50.4) 26 (31.7)
Stage 3/4 32(23.3) 47 (57.3)

ER, no (%) 0.363°
Negative 69 (51.5) 37(45.1)
Positive 65 (48.5) 45 (54.9)

PR, no (%) 0.931°
Negative 58 (43.3) 35(42.7)
Positive 76 (56.7) 47 (57.3)

HER-2, no (%) 0.165°
e 103 (76.9) 56 (68.3)
[+ 31(23.1) 36(31.7)

Ki67, no (%) 0.393b
Negative 12(9.6) 11(134)
Positive 113 (90.4) 71 (86.6)

P53, no (%) 0.426°
Negative 83 (66.4) 50 (61.0)
Positive 42(33.6) 32(39.0)

VEGF, no (%) 0.015b
Negative 56 (44.8) 23(29.1)
Positive 69 (55.2) 59(72.0

CD146 (tumor cells), no (%) <0.001P
Negative 93(67.9) 25(30.5)
Positive 44(32.1) 57 (69.5)

2 Student’s t-test.
b 2 test.
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Fig. 2. Immunohistochemical staining and RT-PCR of human breast tumors for CD146. (A) Invasive ductal carcinoma, not otherwise specified (IDC-NOS) tumor cells negative
for CD146. (B) IMPC was positive for CD146. (C) The relative ratio of CD146 signal in IMPC was higher than IDC-NOS in 7 pairs, and lower in 1 pair (*, IDC-NOS; ¢, IMPC).

Twenty cases of normal tissues from IMPC and IDC-NOS patients,
respectively, were also stained for CD146 and CD31. The normal
tissues were obtained >5 cm from the tumor site and confirmed by
HE staining.

Reverse transcriptase-polymerase chain reaction and polymerase
chain reaction

CD146 mRNA expression was assessed in 10 pairs of IDC-NOS
and IMPC by semi-quantitative RT-PCR, with TRIzol Reagent (Invit-
rogen) according to the manufacturer’s instructions to extract
RNA. The first-strand complementary DNA was synthesized with
oligo(dT) primer by using the Reverse Transcription System
(Promega). PCR amplification was performed in a 25-pl reac-
tion with Taq polymerase (TaKaRa) and 2 pl of the first-strand
cDNA synthesis mixture as template. The primer sequences for
CD146 were as follows: FP, 5'-CTGCTGAGTGAACCACAGGA-3’; RP,
5'-TCAGGTCATGCAACTGAAGC-3’ (202bp). To avoid contamina-
tion with genomic DNA, PCR primers spanned at least one intron
of the CD146 gene. Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as an internal control (127 bp), and its primer
sequences were as follows: FP, 5'-GGTGGTCTCCTCTGACTTCAACA-
3’; and RP, 5'-GTTGCTGTAGCCAAATTCGTTGT-3'. Twenty-eight and
25 cycles of PCR amplification were used for CD146 and GAPDH,
respectively. Each RT-PCR assay was repeated at least twice for
confirmation. The intensity of a band was quantitated with image

analysis software (GEL-PrRo 4400 Image System, Beijing, China), and
the ratio of CD146 signal to GAPDH signal calculated for each IMPC
and IDC-NOS sample, increased expression was defined when the
ratio of IMPC to IDC-NOS was higher than 2.

Immunohistochemical staining

Sections (4-m thick) were dewaxed, hydrated, and heated for
2 min for antigen retrieval in a conventional pressure cooker. They
were then treated with 3% H,0, for 10 min to reduce endoge-
nous activity and incubated with normal goat serum for 10 min
to eliminate nonspecific staining. Thereafter, the primary antibod-
ies were applied at 37°C for 2 h including ER (mouse IgG, Zymed,
USA, 1:150), PR (mouse IgG, Zymed, USA, 1:150), HER-2 (mouse IgG,
Newmarkers, USA, 1:800), P53 (mouse IgG, Zymed, USA, 1:100),
Ki67 (mouse IgG, Zymed, USA, 1:100), VEGF (mouse IgG, Zymed,
USA, 1:100), CD146 (mouse IgG, ascites generated in our lab, 1:200),
and CD31 (mouse IgG, Zymed, USA, 1:100). After washing, biotin-
labeled secondary antibody against mouse immunoglobulin was
applied for 20 min at room temperature. The slides were rinsed
and covered with streptavidin-biotin-peroxidase for 20 min. All
sections were counterstained with 3, 3/-diaminobenzidine tetra-
hydrochloride. Slides were counterstained with hematoxylin and
mounted for light microscopy. Sections were incubated with goat
serum for negative control of immunoreaction.
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Table 2
Association of CD146 expression in tumor cells with clinicopathological characteristics of IMPC and IDC-NOS.
Characteristics IMPC IDC-NOS
CD146, — no (%) CD146, + no (%) P CD146, — no (%) CD146, + no (%) P

Age 0.407 0.671
<50 y 10(25.0) 30(75.0) 45(66.2) 23(33.8)
>50 y 14(33.3) 28(66.7) 48(69.6) 21(30.4)

Tumor size 0.801 0.814
<2cm 6(31.6) 13(68.4) 34(66.7) 17(33.3)
>2cm 18(28.6) 45(71.4) 59(68.6) 27(31.4)

Histological grade 0.025 0.001
Grade 1 6(75.0) 2(25.0) 17(94.4) 1(5.6)
Grade 2 12(28.6) 30(71.4) 48(62.3) 29(37.7)
Grade 3 5(25.0) 15(75.0) 5(31.2) 11(68.8)

Lymph node metastasis 0.005 0.081
Absent 8(61.5) 5(38.5) 57(74.0) 20(26.0)
Present 16(23.2) 53(76.8 36(60.0) 34(40.0)

pTNM 0.343 0.691
Stage 1 4(44.4) 5(55.6) 26(72.2) 10(27.8)
Stage 2 9(34.6) 17(65.4) 47(68.1) 22(31.9)
Stage 3/4 11(23.4) 36(76.6) 20(62.5) 12(37.5)

ER 0.004 <0.001
Negative 5(13.5) 32(86.5) 36(52.2) 33(47.8)
Positive 19(42.2) 26(57.8) 54(83.1) 11(16.9)

PR 0.037 0.027
Negative 6(17.1) 29(82.9) 33(56.9) 25(43.1)
Positive 18(38.3) 29(61.7) 57(75.0) 19(25.0)

HER-2 0.839 0.427
—/+ 16(28.6) 40(71.4) 71(68.9) 32(31.1)
[+ 8(30.8) 18(69.2 19(61.3) 12(38.7)

Ki67 0.007 0.231
Negative 7(63.6) 4(36.4) 10(83.3) 2(16.7)
Positive 17(23.9) 54(76.1) 5(66.4) 38(33.6)

P53 0.002 0.024
Negative 21(42.0) 29(58.0) 62(74.7) 21(25.3)
Positive 3(9.4) 29(90.6) 23(54.8) 19(45.2)

VEGF 0.885 0.723
Negative 7(30.4) 16(69.6) 39(69.6) 17(30.4)
Positive 17(28.8) 2(71.2) 46(66.7) 23(33.3)

Immunohistochemical evaluation

Using light microscopy, stained tissue sections were reviewed
by two pathologists in a blinded fashion. All unclear cases were
discussed with another pathologist.

Tumors with no reactivity, weak reactivity, or moderate to
strong reactivity in <10% of tumor cells were graded as negative,
whereas those with weak reactivity, moderate to strong degree of
reactivity in >10% tumor cells were considered positive.

Cases were considered as positive for ER or PR if nuclear
immunoreactivity was present in >1% of tumor cells. For HER-
2, the immunohistochemical score was assigned according to the
American Society of Clinical Oncology/College of American Patholo-
gists (ASCO/CAP) Guideline [28]. No staining (0); weak, incomplete
membrane staining in any percentage of cells (1+); weak or mod-
erate heterogeneous complete membrane staining in at least 10%
of cells (2+); strong, complete homogeneous membrane staining in
>30% of cells (3+). For p53, Ki67 and VEGF the cut off value was 10%.

MVD was determined by the number of microvessels positive
for CD31, including only the venuelae and lymphatic vessels in the
tumor stroma. Labeling was observed in the cytoplasm of endothe-
lial cells. Any endothelial cells or endothelial cell clusters with
immunopositivity and clearly separated from adjacent clusters and
background, with or without a lumen, were recorded as an indi-
vidual blood vessel. Vessels that had a thick muscular layer were
excluded from the count. The MVD was quantified by two pathol-
ogists independently, according to the method of Weider [7,14].
The slides were first examined at low-power magnification (x40)
to identify the areas with a high concentration of vessels within

the tumor. Three areas where the most concentrated microvessels
existed were then selected in each case. A x200 field in each of
these three areas was counted, and the average counts of the three
fields were recorded. Discrepant cases were reviewed by the group,
and the consensus results were used for the analysis.

CD146 expressed in the vascular endothelial cells of tumor was
quantified similar to CD31. Vessels that had a thick muscular layer
or small breast ductal with positive immunoreaction were excluded
from the count.

Statistical analysis

The SPSS 15.0 software package (SPSS, Chicago, IL, USA) was
used for statistical analysis. Student’s t-test and ANOVA test were
performed for continuous variable comparisons, and correlations
between two variables were evaluated by x2 test. A two-sided
P<0.05 was considered statistically significant in all the statistical
analyses.

Results
Clinical information

Compared with the control group of IDC-NOS, IMPC (Fig. 1) were
larger in size (P<0.001), had a higher stage (P<0.001), and a higher
lymph node metastasis rate (P<0.001) (Table 1).

VEGF expression in tumor cells was up-regulated in IMPC as
compared with that in IDC-NOS (P=0.015, Table 1).
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Table 3
Association of CD146 expression in tumor vascular endothelial cells and MVD with clinicopathological characteristics of IMPC and IDC-NOS.
Characteristics IMPC (n=82) IDC-NOS (n=137)
CD146 (vascularendothelial cells)  CD31 (MVD) CD146 (vascularendothelial cells)  CD31 (MVD)
Mean +SD P Mean +SD P Mean +SD P Mean +SD P

Age 0.254 0.112 0.778 0.907
<50 y 52.6 +20.3 51.7 + 194 479 +19.7 472 +£19.3
>50 y 57.7 £ 20.0 58.4 + 18.5 469 + 19.2 46.8 + 18.6

Tumor size 0.703 0.757 0.196 0.257
<2cm 53.7 + 18.0 54.0 + 174 44.6 + 19.5 447 +18.8
>2cm 55.7 £ 209 55.5 + 19.7 49.1 +£19.3 484 + 189

Histological grade 0.001 0.001 0.003 0.004
Grade 1 444 + 118 449 + 119 383 +19.7 38.8 +£19.2
Grade 2 53.0 + 20.5 53.5 + 18.9 48.7 +18.2 48.1 +£17.7
Grade 3 71.0 + 20.9 69.0 + 17.9 61.3 + 23.1 60.0 + 19.3

LN metastasis 0.038 0.038 0.022 0.019
Absent 446 +17.6 451 +17.9 44.1 +19.1 437 +18.7
Present 57.3 + 20.1 57.0 + 18.9 51.7 £ 19.1 51.3 £ 18.5

pTNM stage 0.007 0.004 0.009 0.008
Stage 1 37.8 £9.7 38.0 +£9.8 42.1 +£19.0 42.1 +18.1
Stage 2 529 + 17.7 52.4 + 16.7 46.2 + 18.3 45.6 + 184
Stage 3/4 59.9 +20.2 60.0 + 19.8 56.0 + 20.0 55.6 + 18.6

ER 0.136 0.210 0.002 0.002
Negative 58.9 +22.3 58.1 + 20.9 52.6 + 19.3 52.1 +18.7
Positive 52.2 +17.9 527 +174 425 +18.5 424 +17.9

PR 0.536 0.730 0.003 0.005
Negative 56.9 + 19.8 56.0 + 19.1 53.4 + 193 52.6 + 19.1
Positive 54.0 + 20.6 54.5 + 19.3 433 + 18.6 43.5 +18.0

HER-2 0.022 0.017 0.451 0.436
—/+ 51.8 £ 19.7 51.8 + 184 46.9 + 20.0 46.7 £ 19.5
[+ 62.7 +£ 19.5 62.5 + 19.0 50.0 + 17.7 49.7 +£17.0

Ki67 0.358 0.341 0.098 0.059
Negative 50.0 £ 12.6 50.0 £12.5 379+ 174 36.7 £ 183
Positive 56.1 + 21.1 55.9 + 19.9 47.7 £ 19.5 47.6 + 189

P53 0.360 0.457 0.127 0.180
Negative 53.6 £ 19.0 539 + 183 449 + 191 449 + 187
Positive 57.8 +22.0 57.1 + 204 50.5 + 19.8 49.7 +£19.5

VEGF 0.027 0.036 0.346 0.420
Negative 474 +£ 154 48.1 + 14.5 48.6 + 184 48.1 + 184
Positive 58.3 + 21.1 57.9 + 20.1 453 +20.3 453 +19.6

CD146 (tumor cells) 0.034 0.048 0.008 0.004
Negative 479 + 19.7 48.6 + 194 444 + 18.4 439 + 18.1
Positive 58.3 £ 19.7 57.8 £185 53.8 +£20.2 53.6 +£19.1

CD146 expression in tumor cells of IMPC and IDC-NOS by RT-PCR

The mRNA level of CD146 in cancer specimens was elevated in
10 pairs of IMPC and IDC-NOS (Fig. 2C). The relative ratio of CD146
signal of IMPC was higher than in IDC-NOS in seven pairs.

CD146 expression in tumor cells of IMPC and IDC-NOS by
immunohistochemistory

CD146 expression in tumor cells was up-regulated in IMPC as
compared with that in IDC-NOS (P<0.001, Table 1), and was pos-
itively correlated with histological grade and P53 expression, and
negatively with ER, PR status in IMPC and IDC-NOS (Table 2). In
addition, CD146 expression in tumor cells was positively corre-
lated with lymph node metastasis (P=0.005) and Ki67 expression
in IMPC (P=0.007) (Table 2).

CD146 expression in vascular endothelial cells of IMPC and
IDC-NOS by immunohistochemistry

CD146 expression in vascular endothelial cells was significantly
higher than thatin IDC (P=0.005, Table 1) and was positively corre-
lated with lymph node metastasis, histological grade, pTNM stage
in IMPC, and IDC-NOS (Table 3).

In addition, CD146 expression in vascular endothelial cells was
higher in the group where the tumor cells positively expressed
HER-2 and VEGF (P=0.022, P=0.027, Table 3) in IMPC.

CD146 expression in vascular endothelial cells was negatively
correlated with ER, PR expression (P=0.002, P=0.003, Table 3) in
IDC-NOS.

No correlation was found between the vascular endothelial cell
expression of CD146 and patient year, tumor size, Ki67, and P53
status (Table 3) in IMPC and IDC-NOS.

Microvessel density in IMPC and IDC-NOS

Microvessels were located predominantly in the stroma sur-
rounding the tumor nests (Figs. 2 and 3). MVD identified by CD31
immunohistochemistry in IMPC was significantly higher than that
in IDC (t=-3.140, P=0.002) (Table 1), and was positively corre-
lated with lymph node metastasis, histological grade, pTNM stage,
and HER-2 status in IMPC and IDC-NOS (Table 3). In addition, MVD
was higher in the group where the tumor cells positively expressed
VEGF (P=0.036) (Table 3) in IMPC.

MVD was negatively correlated with ER, PR expression
(P=0.002, P=0.005) (Table 3) in IDC-NOS. No correlation was found
between the expression of MVD and patient age, tumor size, Ki67,
and P53 status (Table 3) in IMPC and IDC-NOS.

Correlation of CD146 expression and MVD in IMPC and IDC-NOS

CD146 expression in tumor cells was positively correlated with
that in tumor vascular endothelial cells of IMPC (P=0.034) and
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Fig. 3. Immunohistochemical staining of human breast tumors for CD31 and CD146. (A and B) IDC-NOS was positive for CD31 and CD146 in the stroma. (C and D) IMPC
was positive for CD31 and CD146 in the stroma and also tumor cells were positive for CD146. Arrows indicate vessels positive for CD31 and CD146 in the same tumor in
continuous sections. Star indicates a small duct positive for CD146 (B), while in the same tumor in continuous sections CD31 (A) was negative.

IDC-NOS (P=0.008).CD146 expression in tumor cells was positively
correlated with MVD in IMPC (P=0.048) and IDC-NOS (P=0.004).

MVD and CD146 expression in adjacent normal tissue from IMPC
and IDC-NOS patients

CD146 was positively expressed in myoepithelial cells of the
normal tissue. There was no statistically significant with MVD by
CD31-stained and CD146 expression in the vascular endothelial
cells of adjacent normal tissue of IMPC and IDC-NOS (Fig. 4, data
not shown).

Discussion

Invasive micropapillary carcinoma (IMPC) is a distinct, unusual
variant of ductal carcinoma of the breast, and is often associated
with lymph-vascular invasion and lymph node metastasis [18]. It
serves as a good system in analyzing the mechanism underlying the
difference in tumor biological behavior, especially metastasis. His-
tologically, it is characterized by pseudopapillary or tubuloalveolar
structures, often within clear spaces [15].

To understand what may be important in the process of tumor
metastasis and aggressive behavior, we evaluated the expression of
adhesion molecules CD146 and vascular marker CD31 in IMPC and

compared it with that in IDC-NOS, a very frequent tumor of breast.
The expression of CD146 by immunohistochemistry was signifi-
cantly up-regulated in IMPC compared to IDC-NOS, and microvessel
density (CD31) was significantly higher as compared with the con-
trol group.

The term IMPC of the breast was first used by Siriaunkgul and
Tavassoli [25]. They described nine examples of this lesion. Invasive
micropapillary carcinoma is characterized by small papillary struc-
tures that lack true central fibrovascular cores. It is known for its
high incidence of axillary lymph node metastasis, recurrence, and
distant metastasis [16,26], and is listed as an independent subtype
of invasive breast carcinoma in the 2003 World Health Organiza-
tion (WHO) histological classification of tumors of the breast. In the
present study, IMPC were of larger size, of higher stage, had a higher
lymph node metastasis rate, and exhibited increased lymphovas-
cular invasion, as compared with the control group of IDC-NOS.

CD146, also known as melanoma cell adhesion molecule or
MCAM, is a key cell adhesion protein in vascular endothelial cell
activity and angiogenesis. CD146 promotes tumor progression of
many cancers including melanoma, ovarian, lung, and prostate
[12,18,23,29]. Although the biological role of CD146 in normal
tissue remains unclear, CD146 has been suggested to play an
important role in cancer, angiogenesis, cardiovascular diseases,
implantation, and placentation [21].
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Fig. 4. Immunohistochemical staining of human breast normal tissues for CD31 (A) and CD146 (B). All of the breast normal tissues were positive for CD146.

It has been reported that CD146 expression is associated with a
poor prognosis in human breast tumors and with enhanced motil-
ity in breast cancer cell lines [30]. Recent findings from a study
by Garcia et al. [9] demonstrate that CD146 was correlated with
patient death. However, it is clearly evident from their immunohis-
tochemical analysis of the breast tumor that CD146 expression was
limited to the endothelium only (CD146 is a well known marker of
endothelial cells), while breast carcinoma cells were clearly nega-
tive for CD146. In our study, CD146 expression in tumor cells was
up-regulated in IMPC as compared with that in IDC-NOS and was
positively correlated with histological grade, ER, PR status, and P53
expression in IMPC and IDC-NOS. In addition, CD146 expression in
tumor cells was positively correlated with lymph node metastasis
and Ki67 expression in IMPC. CD146 expression in tumor vascu-
lar endothelial cells was also significantly higher than that in IDC.
These results indicate that the increased expression of CD146 in
IMPC might play an important role in breast cancer progression.

Angiogenesis is a prerequisite for tumor growth and progres-
sion. It has been found to correlate with the metastatic potential in
breast, prostate, and bladder carcinomas, and in melanomas [3,27].
The intra-tumor MVD is a direct reflection of tumor angiogene-
sis, and can be visualized by immunohistochemical staining with
antibodies against vascular endothelium such as anti-CD31 [2,4].

The current study demonstrates a significantly higher density
of microvessel vessels in IMPC than in IDC-NOS. Similarly, Gong
et al. [10] have reported that MVD was significantly higher in IMPC
than in tubular carcinoma of breast. In addition, our data show that
MVD in the group of IMPC with CD146 positivity was significantly
higher as compared with the group without CD146 immunoreac-
tion. It has been suggested that an increase in tumor vessel density
may enhance the chance of tumor cells entering the circulation
and reaching the lymph nodes. The newly formed vessels have
leaky and weak basement membranes, which tumor cells can pene-
trate more easily than the mature vessels. Therefore, large numbers
of small vessels facilitate metastasis to lymph nodes and distant
metastasis.

Angiogenesis is essential to tumor growth and metastasis. Stud-
ies have shown that the intensity of angiogenesis measured by MVD
correlates with tumor aggressiveness and metastasis [3]. In our
study, MVD identified by CD31 immunohistochemistry was pos-
itively correlated with histological grade, pTNM stage, and HER-2
status in IMPC and IDC-NOS.

In addition, MVD was higher in the group where the tumor cells
positively expressed CD146 and VEGF in IMPC. The importance of
VEGF as a regulator of normal and tumor blood vessel growth has

been increasingly characterized. VEGF increases vascular perme-
ability and has a well established role in stimulating angiogenesis,
a prerequisite of tumor growth [11].

Recent analysis discovered that CD146 was indispensible for
the activation of p38/IKK/NFkB signaling cascade and subsequent
up-regulation of pro-angiogenic genes, including at least IL-8,
VEGF, ICAM-1, andMMP-9, in response to tumor secretions [32].
CD146 dimerization plays an important role in tumor-induced
angiogenesis, and its dimerization was required for VEGF-induced
tube-formation, migration, and actin rearrangement [33]. Given
these observations, we concluded that CD146 and VEGF may syn-
ergetically induce angiogenesis in breast cancer.

In conclusion, these results indicate that the increased expres-
sion of CD146 in IMPC might play an important role in angiogenesis
and tumor progression. CD146 is also associated with MVD, lymph
node metastasis, and VEGF. We suggest that increased expression of
CD146 plays an important role in promoting angiogenesis in breast
cancer, and that in addition to being used as a prognostic marker
for breast carcinoma, could emerge as an attractive new drug target
in the treatment of breast cancer.

Conflict of interest

The authors declare that they have no competing interests.

Acknowledgements

Grant support: Supported by funding from the National
Natural Science Foundation of China (30930038), Program for
Changjiang Scholars and Innovative Research Team in University
(IRTO743), National “863” Program of China (2006AA02A249,
2006AA02A245), and National “973” Program of China
(2009CB521700, 2009CB521704).

References

[1] D. Aldovini, F. Demichelis, C. Doglioni, D. Di Vizio, E. Galligioni, S. Brugnara,
B. Zeni, C. Griso, C. Pegoraro, M. Zannoni, M. Gariboldi, E. Balladore, D. Mez-
zanzanica, S. Canevari, M. Barbareschi, M-CAM expression as marker of poor
prognosis in epithelial ovarian cancer, Int. J. Cancer 119 (2006) 1920-1926.

[2] J.E. Bluff, S.R. Menakuru, S.S. Cross, S.E. Higham, S.P. Balasubramanian, NJ.
Brown, M.W. Reed, C.A. Staton, Angiogenesis is associated with the onset
of hyperplasia in human ductal breast disease, Br. J. Cancer 101 (2009)
666-672.

[3] P. Carmeliet, RK. Jain, Angiogenesis in cancer and other diseases, Nature 407
(2000) 249-257.



746 W. Li et al. / Pathology - Research and Practice 207 (2011) 739-746

[4] P.M. Carpenter, W.P. Chen, A. Mendez, C.E. McLaren, M.Y. Su, Angiogenesis in
the progression of breast ductal proliferations, Int. J. Surg. Pathol. (2009).

[5] L. Chen, Y. Fan, R.G. Lang, XJ. Guo, Y.L. Sun, L.F. Cui, F.F. Liu, ]J. Wei, X.M.
Zhang, L. Fu, Breast carcinoma with micropapillary features: clinicopathologic
study and long-term follow-up of 100 cases, Int. J. Surg. Pathol. 16 (2008)
155-163.

[6] C.W. Elston, 1.O. Ellis, Pathological prognostic factors in breast cancer. I. The
value of histological grade in breast cancer: experience from a large study with
long-term follow-up, Histopathology 19 (1991) 403-410.

[7] S. Fernandez-Aguilar, M. Jondet, T. Simonart, ]J.C. Noel, Microvessel and lym-
phatic density in tubular carcinoma of the breast: comparative study with
invasive low-grade ductal carcinoma, Breast 15 (2006) 782-785.

[8] J. Folkman, Angiogenesis in cancer, vascular, rheumatoid and other disease,
Nat. Med. 1 (1995) 27-31.

[9] S.Garcia,].P. Dales, E. Charafe-Jauffret, S. Carpentier-Meunier, L. Andrac-Meyer,
J. Jacquemier, C. Andonian, M.N. Lavaut, C. Allasia, P. Bonnier, C. Charpin, Poor
prognosis in breast carcinomas correlates with increased expression of tar-
getable CD146 and c-Met and with proteomic basal-like phenotype, Hum.
Pathol. 38 (2007) 830-841.

[10] Y. Gong, X. Sun, L. Huo, E.L. Wiley, M.S. Rao, Expression of cell adhe-
sion molecules, CD44s and E-cadherin, and microvessel density in invasive
micropapillary carcinoma of the breast, Histopathology 46 (2005) 24-30.

[11] D.J. Kerr, Targeting angiogenesis in cancer: clinical development of beva-
cizumab, Nat. Clin. Pract. Oncol. 1 (2004) 39-43.

[12] G.Kristiansen, Y. Yu, K. Schluns, C. Sers, M. Dietel, I. Petersen, Expression of the
cell adhesion molecule CD146/MCAM in non-small cell lung cancer, Anal. Cell.
Pathol. 25 (2003) 77-81.

[13] J.M. Lehmann, G. Riethmuller, J.P. Johnson, MUC18, a marker of tumor progres-
sionin human melanoma, shows sequence similarity to the neural cell adhesion
molecules of the immunoglobulin superfamily, Proc. Natl. Acad. Sci. U. S. A. 86
(1989) 9891-9895.

[14] V.Ludovini, A. Sidoni, L. Pistola, G. Bellezza, V. De Angelis, S. Gori, A.M. Mosconi,
G. Bisagni, R. Cherubini, A.R. Bian, C. Rodino, R. Sabbatini, B. Mazzocchi, E. Buc-
ciarelli, M. Tonato, M. Colozza, Evaluation of the prognostic role of vascular
endothelial growth factor and microvessel density in stages I and II breast
cancer patients, Breast Cancer Res. Treat. 81 (2003) 159-168.

[15] S.Luna-More, B. Gonzalez, C. Acedo, I. Rodrigo, C. Luna, Invasive micropapillary
carcinoma of the breast. A new special type of invasive mammary carcinoma,
Pathol. Res. Pract. 190 (1994) 668-674.

[16] L.P. Middleton, F. Tressera, M.E. Sobel, B.R. Bryant, A. Alburquerque, P. Grases,
M.J. Merino, Infiltrating micropapillary carcinoma of the breast, Mod. Pathol.
12 (1999) 499-504.

[17] B.Mostert, ]. Kraan, J. Bolt-de Vries, P. van der Spoel, A.M. Sieuwerts, M. Schutte,
AM. Timmermans, R. Foekens, ] W. Martens, ].W. Gratama, ].A. Foekens, S. Slei-
jfer, Detection of circulating tumor cells in breast cancer may improve through
enrichment with anti-CD146, Breast Cancer Res. Treat. 127 (2011) 33-41.

[18] H. Nassar, T. Wallis, A. Andea, ]. Dey, V. Adsay, D. Visscher, Clinicopathologic
analysis of invasive micropapillary differentiation in breast carcinoma, Mod.
Pathol. 14 (2001) 836-841.

[19] M. Neidhart, R. Wehrli, P. Bruhlmann, B.A. Michel, R.E. Gay, S. Gay, Synovial fluid
CD146 (MUC18), a marker for synovial membrane angiogenesis in rheumatoid
arthritis, Arthritis Rheum. 42 (1999) 622-630.

[20] N.J. Nelson, Angiogenesis research is on fast forward, ]. Natl. Cancer Inst. 91
(1999) 820-822.

[21] A. Ouhtit, R.L. Gaur, Z.Y. Abd Elmageed, A. Fernando, R. Thouta, A.K. Trappey,
M.E. Abdraboh, H.I. El-Sayyad, P. Rao, M.G. Raj, Towards understanding the
mode of action of the multifaceted cell adhesion receptor CD146, Biochim.
Biophys. Acta 1795 (2009) 130-136.

[22] A.Sato, 1. Torii, Y. Okamura, T. Yamamoto, T. Nishigami, T.R. Kataoka, M. Song, S.
Hasegawa, T. Nakano, T. Kamei, T. Tsujimura, Immunocytochemistry of CD146
is useful to discriminate between malignant pleural mesothelioma and reactive
mesothelium, Mod. Pathol. 23 (2010) 1458-1466.

[23] LM. Shih, D.E. Elder, M.Y. Hsu, M. Herlyn, Regulation of Mel-CAM/MUC18
expression on melanocytes of different stages of tumor progression by normal
keratinocytes, Am. J. Pathol. 145 (1994) 837-845.

[24] .M. Shih, D.E. Elder, D. Speicher, J.P. Johnson, M. Herlyn, Isolation and func-
tional characterization of the A32 melanoma-associated antigen, Cancer Res.
54 (1994) 2514-2520.

[25] S. Siriaunkgul, F.A. Tavassoli, Invasive micropapillary carcinoma of the breast,
Mod. Pathol. 6 (1993) 660-662.

[26] F.A. Tavassaoeli, P. Davilee, Tumors of the Breast and Female Genital Organs,
Classification of Tumors, No 4, IARC WHO, Lyon, 2003.

[27] N. Weidner, J.P. Semple, W.R. Welch, J. Folkman, Tumor angiogenesis and
metastasis — correlation ininvasive breast carcinoma, N. Engl.]. Med. 324 (1991)
1-8.

[28] A.C. Wolff, M.E. Hammond, J.N. Schwartz, K.L. Hagerty, D.C. Allred, RJ. Cote, M.
Dowsett, P.L. Fitzgibbons, W.M. Hanna, A. Langer, L.M. McShane, S. Paik, M.D.
Pegram, E.A. Perez, M.F. Press, A. Rhodes, C. Sturgeon, S.E. Taube, R. Tubbs, G.H.
Vance, M. van de Vijver, T.M. Wheeler, D.F. Hayes, American Society of Clini-
cal Oncology/College of American Pathologists guideline recommendations for
human epidermal growth factor receptor 2 testing in breast cancer, J. Clin.
Oncol. 25 (2007) 118-145.

[29] G.J. Wu, V.A. Varma, M.W. Wu, S.W. Wang, P. Qu, H. Yang, ].A. Petros, S.D. Lim,
M.B. Amin, Expression of a human cell adhesion molecule, MUC18, in prostate
cancer cell lines and tissues, Prostate 48 (2001) 305-315.

[30] G.Zabouo, A.M. Imbert, ]. Jacquemier, P. Finetti, T. Moreau, B. Esterni, D. Birn-
baum, F. Bertucci, C. Chabannon, CD146 expression is associated with a poor
prognosis in human breast tumors and with enhanced motility in breast cancer
cell lines, Breast Cancer Res. 11 (2009) R1.

[31] B.R. Zetter, Angiogenesis and tumor metastasis, Annu. Rev. Med. 49 (1998)
407-424.

[32] C. Zheng, Y. Qiu, Q. Zeng, Y. Zhang, D. Lu, D. Yang, ]. Feng, X. Yan, Endothelial
CD146 is required for in vitro tumor-induced angiogenesis: the role of a disul-
fide bond in signaling and dimerization, Int. J. Biochem. Cell Biol. 41 (2009)
2163-2172.

[33] J.Zhuang, T.Jiang, D.Lu, Y. Luo, C.Zheng, ]. Feng, D. Yang, C. Chen, X. Yan, NADPH
oxidase 4 mediates reactive oxygen species induction of CD146 dimerization
in VEGF signal transduction, Free Radical Biol. Med. 49 (2010) 227-236.



	Increased expression of CD146 and microvessel density (MVD) in invasive micropapillary carcinoma of the breast: Comparativ...
	Introduction
	Materials and methods
	Patient selection and review
	Reverse transcriptase-polymerase chain reaction and polymerase chain reaction
	Immunohistochemical staining
	Immunohistochemical evaluation
	Statistical analysis

	Results
	Clinical information
	CD146 expression in tumor cells of IMPC and IDC-NOS by RT-PCR
	CD146 expression in tumor cells of IMPC and IDC-NOS by immunohistochemistory
	CD146 expression in vascular endothelial cells of IMPC and IDC-NOS by immunohistochemistry
	Microvessel density in IMPC and IDC-NOS
	Correlation of CD146 expression and MVD in IMPC and IDC-NOS
	MVD and CD146 expression in adjacent normal tissue from IMPC and IDC-NOS patients

	Discussion
	Conflict of interest
	Acknowledgements
	References


