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Overexpression of VCAM-1 is correlated with poor
survival of patients with breast cancer
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Abstract: Vascular cell adhesion molecule-1 (VCAM-1), a transmembrane sialoglycoprotein and member of the im-
munoglobulin gene family, is suspected to be involved in inflammation-mediated cancer cell migration and tumor
invasion; the activity of VCAM-1 is increased in cancer cells. To determine the relationship between VCAM-1 and
breast cancer prognosis, we analyzed VCAM-1 expression in tissue microarrays of tumors from 261 breast cancer
patients via immunohistochemistry. On a multivariate Cox regression analysis, a high expression of VCAM-1 in the
tumor cells was significantly correlated with a short overall survival (P = 0.035, hazard ratio = 1.65; 95% confidence
interval, 1.037-2.624), as well as the Ki-67 status, human epidermal growth factor receptor 2 and epidermal growth
factor receptor statuses, and molecular subtype (P = 0.018, P = 0.004, P = 0.047, and P = 0.016, respectively).
VCAM-1 expression was not correlated with age, estrogen or progesterone receptor status, lymph node status, or
Nottingham histologic grade. VCAM-1 overexpression was significantly correlated with poor prognosis of breast can-
cer (P =0.019), thereby suggesting that VCAM-1 is a potential prognostic factor for breast cancer.
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Introduction

Breast cancer is the second leading cause of
cancer-related mortality in women worldwide
[4]. In clinical studies, more than 90% of breast
cancer-related deaths were determined to be
caused by distant metastases, such as lung,
liver, and brain metastases [2, 3]. Metastasis is
a complex process that involves a series of
sequential steps: invasion and intravasation of
tumor cells from the primary tumor sites to the
circulation, extravasation of these circulating
tumor cells into distant tissues, and final coloni-
zation of the seeded organ [4, 5]. These steps
of metastasis depend on the complex interac-
tions between tumor cells and the unique
microenvironments of different organs [6, 7].

Vascular cell adhesion molecule-1 (VCAM-1),
also known as cluster of differentiation 106
(CD106), is a 110-kDa transmembrane sialo-

glycoprotein and member of the immunoglobu-
lin gene family [8, 9]. VCAM-1 is constitutively
expressed on many different types of endothe-
lial and stromal cells and mediates cellular
adhesion [9]. VCAM-1 mediates the process of
cancer cell migration: it acts by binding to leu-
kocyte integrins with a4p1 (VLA4) and circulat-
ing monocytes, granulocytes, lymphocytes, and
leukocytes with integrin a4p7, thereby resulting
in the movement of leukocytes in the blood [10,
11]. After mediating leukocytes in the blood,
VCAM-1 mediates the adhesion of leukocytes
on endothelial cells and activates signaling
pathways to facilitate leukocyte passage from
the blood to the tissue. In endothelial cells,
VCAM-1 clustering can trigger the activation of
Racl, a Rho-like GTPase, via antibody cross-
linking or integrin binding [12]. The activation of
Rac1l results in the rearrangement of the cyto-
skeletal network; this process is thought to
alter the tight junctions between vascular endo-
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Figure 1. Examples of scoring of IHC staining of VCAM-1 expression in breast cancer tissue (200x).

1 _+ weak expression n=138
-1 strong expression n=123
087
2 %
3 -
7]
®
g 0.4
(@)
0.2
0.0 P=0.019
T T T T T
0 50 100 150 200

Time after surgery(month)

Figure 2. Kaplan-Meier estimates of survival for
weak versus strong VCAM-1 expression in tumor tis-
sue shows that strong expression of VCAM-1 in tumor
tissue was significantly associated with shorter over-
all survival.

thelial cells, thus facilitating transendothelial
migration of cancer cells [13, 14]. All these
interactions play important roles in the process
of metastasis to distant organs and growth of
the metastatic tumor [15].

High expression of VCAM-1 has been identified
in breast cancer, gastric cancer, renal cell can-
cer, and melanoma [16]. The results of previous
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animal studies have shown that VCAM-1 expres-
sion is significantly correlated with the occur-
rence of bone and lung metastasis; decreased
VCAM-1 expression reduces the incidence of
metastasis [15, 17, 18]. However, there is no
sufficient direct evidence that indicates the cor-
relation between VCAM-1 expression and the
prognosis of breast cancer. Therefore, we per-
formed this study to determine the correlation
between VCAM-1 expression in tissue and
breast cancer prognosis.

Materials and methods
Patient data

A breast cancer tissue microarray (TMA) con-
taining samples of primary invasive breast
tumors from 261 patients were obtained from
the National Engineering Center for BioChips in
Shanghai, China. To prepare the arrays, a 1.5-
mm core of tumor tissue was removed from
each tumor; in general, cores were taken from
the peripheral aspect of the tumor, and necrot-
ic tissue was avoided. All 261 patients had
undergone mastectomy and/or axillary dissec-
tion (based on their clinical examination fin-
dings: ultrasonography, magnetic resonance
imaging, and mammography) between 2001
and 2008; we excluded patients who had
received preoperative hormone therapy or
chemotherapy.
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Table 1. Univariate and multivariate COX regression analyses of
the impact on overall survival for different patient and character-

mmittee on Cancer TNM sys-
tem. This study was approved

istics by the Human Research Ethics
Variable Univariate Committee of the Wuhan
n HR® 95%ClF  Pvalue Union Hospital.
VCAM-1 (weak vs. strong) 261 1.73 1.088-2.749 0.020 . .
Scoring and evaluation
ER? (negative vs. positive) 261 0.63 0.399-0.995 0.047

PR® (negative vs. positive) 261 0.47 0.289-0.772 0.003 IHC staining was evaluated by
Her2 (weak vs. strong) 261 1.18 0.704-1.966 0.535 two experienced pathologists
Ki67 (negative vs. positive) 261 1.21 0.757-1.941 0.422 blinded to the clinical informa-
NHG? (1, 2, 3) 261 1.13 0.695-1.832 0.624 tion. VCAM-1 staining intensity
N category (NO, N1, N2,N3) 261  1.37  1.094-1.724 0.006 was evaluated in the tumor
Tcategory (TLvs T2vs T3") 261  1.61  1.077-2.392 0.020 cellmembrane. The total score
CK5/6 (negative vs. positive) 261 114  0.676-1.924 0.623 was the product of the scores
for the intensity and positive
EGFR® (negative vs. positive) 261 0.82 0.503-1.331 0.419 rate of staining: O points for
_Multivariate <10%; 1 point for 11%-20%; 2
n HR® 95% Cl*  Pvalue points for 21-75%; and 3
VCAM-1 (weak vs. strong) 261 1.65 1.037-2.624 0.035 points for >75% of cells
ER® (negative vs. positive) 261 1.19 0.660-2.156 0.560 stained; the intensity of stain-
PR® (negative vs. positive) 261  0.45  0.240-0.842 0.012 ing was graded on the follow-
N category (NO, N1, N2,N3) 261  1.29  1.024-1.620 0.030 ing scale: O, negative; 1, low;
Tcategory (TLvs T2vs T3%) 261 144 09412192 0.094 2, moderate; and 3, strong

@ HR hazard ratio, Cl confidence interval, ER estrogen receptor, PR progesterone
receptor, NHG Nottingham histological grade, EGFR epidermal growth factor recep-

tor; °: No patient have T4 tumor.

Tissue immunohistochemistry staining

The expression of VCAM-1, ER, PR, Her2, and
Ki-67 was measured in the arrays via immuno-
histochemistry (IHC). VCAM-1 expression was
determined by using a VCAM-1 special antibody
(Abcam, abl106777), at a dilution as 1:200.
Membrane ERFR expression was determined
by using a EGFR special antibody (CST, #2085),
at a dilution as 1:100, with >10% immunos-
tained membrane being considered positive
and <10% immunostained membrane consid-
ered negative. ER and PR negativity were
defined according to current Swedish clinical
guidelines (<5% positive nuclei). Ki-67 expres-
sion was determined using a cutoff value of
14%, with >14% immunostained nuclei being
considered positive and £14% immunostained
nuclei considered negative. Her2 expression
was assessed semiquantitatively by using a
standard protocol (HercepTest; DakoCytoma-
tion, Shanghai, China) [19], and fluorescence in
situ hybridization (FISH) analysis was per-
formed in Her2-positive samples with scores of
2+. Her2 expression was designated as weak
(IHC grade O-1+ or FISH-) or strong (IHC grade
3+ or FISH+). Lymph node metastasis was
staged according to the American Joint Co-
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intensity. In this study, a final
total score of <3 and >3 for
VCAM expression was divided
into low or high expression,
respectively (Figure 1). An
Aperio ScanScope slide scanner was used to
scan the slides; Image Scope software (Aperio),
followed by lllustrator (Adobe), were used when
representative areas were obtained.

Statistical analysis

The Cox regression proportional hazards mod-
els were used to estimate hazard ratios (HRs)
for death from breast cancer according to
VCAM-1 expression in univariate and multivari-
ate analyses. The covariates with a P-value less
than 0.05 were used in the multivariate analy-
sis. ANOVA and the Pearson chi-square test
were used to analyze the different distributions
between VCAM-1 expression levels and other
pathological and clinical parameters (age, his-
tological grade, lymph node status, and the ER,
PR, Her2, and Ki-67 status). The effect of high
VCAM-1 expression on overall survival was
assessed by using Kaplan-Meier analysis and
the log-rank test.

All statistical tests were two-sided, and P-values
<0.05 were considered statistically significant.
All calculations were performed using SPSS
Statistics version 22 software (International
Business Machines Corporation).
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pathologic features in breast cancer

Table 2. Associations between VCAM1 expression and clinico-

The results of Cox analysis
showed that strong VCAM-1

expression was an independent

Factor Vcam1l staining intensity P Value
n 0 1 indicator of poor prognosis of
Al n (%) 261  138(52.9%) 123 (47.1%) breast cancer patients (P =
Age 0.9312 0.035, HR = 1.65; 95% confi-
] dence interval, 1.037-2.624)
Median (range) 55 (31-88) 56 (31-86) 57 (31-88) when the variables described
NHG 0.825° in Table 1 were included (ER, PR,
1 (%) 32 (12.3) 18 (13.0) 14 (11.3) N category, and T category).
11 (%) 204 (78.2) 108(78.3) 96(78.0) Other detailed results of the Cox
11 (%) 25 (9.6) 12 (8.7) 13 (10.6) analyses are demonstrated in
Missing (%) 0(0) Table 1.
Nodal status 0.679°
NO (%) 120 (46.0) 61(44.2) 59 (48.0) VCAM-1 expression level is as-
N1 (%) 74(284) 43(31.2) 31(25.2) sociated with clinicopathogical
N2 (%) 47 (18.0) 25(181)  22(17.9) parameters
N3 (%) 20 (7.7) 9(65) 11(89) The association between VCAM-
Missing (%) 0(0) 1 staining intensity and several
ER status 0.624° clinical parameters (age, tum-
Negative (%) 102 (39.1) 52(37.7) 50 (40.7) or size, Nottingham histological
Positive (%) 159 (60.9) 86 (62.3) 73 (59.3) grade [NHG], lymph node metas-
Missing (%) 0(0) tasis, and ER, PR, Ki-67, and
PR status 0.443P Her2 expression) was determi-
Negative (%) 142 (54.4) 72(522) 70 (56.9) ned, as demonstrated in Table
Positive (%) 119 (45.6) 66(47.8) 53 (43.) 2. The VCAM-1 staining intensity
Missing (%) 0(0) w;]aslsl%r;flcantly((;Dorrtélzgcieg)wng
Ki67 status oo1g  he Ko7 status (P = 0.018) anc
<14% (%) 170 (65.4) 99 (71.7) 71 (57.7) Her2 status (P = 0.003). A simi-
= ) ; ’ lar correlation was also observed
>15% (%) 91(34.9) 39(28.3) 52(42.3) between VCAM-1 expression and
Missing (%) 0(0) the epidermal growth factor re-
HER2 status® 0.003° ceptor (EGFR) status (P = 0.047).
Weak (%) 194 (74.3) 113 (81.9) 81 (65.9)
Strong (%) 67 (25.7) 25(18.1) 42 (34.1) VCAM-1 expression was not sig-
Missing (%) 0(0) nificantly associated with age,
EGFR status 0.047° NHG, lymph node metastasis (P
Negative (%) 169 (64.8) 97 (70.3) 72 (58.5) = 0.931, P = 0.825, and P =
Positive (%) 92(35.2) 41(29.7) 51 (415) 0.679, respectively) nor with the
o ER or PR status (P =0.624 and P
Missing (%) 0 (0)

= 0.443, respectively).

20ne-factor ANOVA. "Pearson chi-square test, 2-tailed p value. “Weak (score 0-1,

or FISH-), strong (score 3, or FISH+).

Results

Strong VCAM-1 expression is associated with
poor prognosis of breast cancer patients

Kaplan-Meier analysis demonstrated a signifi-
cant correlation between VCAM-1 expression
(strong vs. weak) and the overall survival of
breast cancer patients (P = 0.019; Figure 2).
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Discussion

VCAM-1 plays an important role in recruiting
leukocytes to sites of inflammation [11, 20],
and this essential process for carcinogenesis
includes enhanced cell proliferation, altera-
tions in epigenetic events, and, subsequently,
inappropriate gene expression, thereby increas-
ing resistance to apoptosis and promoting
tumor neovascularization, invasion, and metas-
tasis [21, 22]. Previous animal studies have
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revealed that aberrant VCAM-1 expression con-
tributes to metastasis of breast cancer to the
lungs and bones [15, 23]. Previous clinical
studies evaluating VCAM-1 expression focused
mostly on circulating VCAM-1 levels and cancer
prognosis in breast cancer [24, 25], lung can-
cer [26], ovarian cancer [27], head and neck
cancer [28], colorectal cancer [29], and pancre-
atic carcinoma [30], among other cancer types.
Our study is the first one to evaluate VCAM-1
expression levels in solid tumor tissue. VCAM-1
expression in solid tumor tissue is a more reli-
able marker, compared to circulating VCAM-1
levels, in elucidating the relationship between
VCAM-1 expression and prognosis.

In our study, strong VCAM-1 expression in solid
tumor tissue correlated significantly with short-
er overall survival. This correlation remained
significant even when other clinicopathogical
factors were included in the COX regression
analysis, suggesting that VCAM-1 is a potential
independent prognostic factor for breast can-
cer.

Positive Ki-67 expression and strong Her2
expression are associated with high tumor pro-
liferation and aggressive phenotypes [31-33].
In our study, samples with weak VCAM-1
expression tended to have lower Her2 expres-
sion and Ki-67 expression, indicating that weak
VCAM-1 expression could be a protective factor
against tumor proliferation and differentiation.

Moreover, in our study, VCAM-1 expression was
significantly correlated with the EGFR status. A
previous study suggested that EGFR activation
could result in the up-regulation of VCAM-1
expression, which subsequently promoted the
interaction between macrophages and cancer
cells, as well as cancer cell invasion [34]. This
could be one of the mechanisms by which
VCAM-1 expression affects the prognosis of
patients with malignant breast carcinoma.

VEGF-C/PI3Ka-driven remodeling of the lymph
nodes promotes tumor metastasis by activat-
ing integrin a4B1 on the lymph node lymphatic
endothelium. The activated integrin a4B1 then
promotes expansion of the lymphatic endothe-
lium in the lymph nodes and serves as an adhe-
sive ligand that captures VCAM-1 metastatic
tumor cells, thereby promoting lymph node
metastasis [35]. Therefore, a higher VCAM-1
expression can lead to more lymph node
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metastasis and higher nodular stage. However,
we did not observe any correlation between
VCAM-1 expression and the nodular stage nor
between VCAM-1 expression and the number of
metastasized lymph nodes. The following may
be the reasons for not observing any correla-
tion: First, the count of metastatic nodes might
not be accurate because this number depends
greatly on the degree of completeness of the
axillary lymph node dissection [36]. Second,
the time gap between tumor initiation and sur-
gery may have influenced the nodular stage
[37]. Hence, the nodular stage that was classi-
fied may not be the actual lymph node metasta-
sis status. To clarify these issues, further
research is required. Furthermore, although
VCAM-1 expression was not correlated with the
nodular status, many patients with strong
VCAM-1 expression died of recurrence and
metastasis. This suggests that strong VCAM-1
expression indicates higher invasion and
metastasis abilities of the cancer cells.

Our study had some limitations. Total VCAM-1
expression in the membrane was measured,
not functional VCAM-1 expression, because
functional VCAM-1 is more difficult to assess. In
addition, as all the tumors were resected sam-
ples, it is difficult to make a distinction between
functional and nonfunctional expression. Fur-
thermore, VCAM-1 expression was measured
only in the samples that were included in the
TMA, not the whole tumor. Moreover, although
this was a retrospective study, our study dem-
onstrated the correlation between VCAM-1
expression and breast cancer prognosis and
other clinicopathogical parameters.

In summary, our results suggest that VCAM-1
expression is significantly correlated with
breast cancer prognosis, where higher expres-
sion levels tend to be associated with worse
prognosis. This suggests that VCAM-1 is a
potential independent prognostic factor of
breast cancer and could be a suitable treat-
ment target.
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