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Abstract: Objectives: Our study was aimed to make sure whether ADAM12 could serve as a prognostic biomarker
of estrogen receptor (ER) -positive breast cancer. Methods: 127 patients with ER-positive breast cancer were in-
cluded in the present study. The level of ADAM12 was assayed through real-time quantitative PCR (RT-qPCR). Levels
of ADAM12 in tumor tissues and adjacent normal tissues were compared with paired t-test. The association of
ADAM12 expression with clinical characteristics was analyzed via x? test. Kaplan-Meier survival curve was used to
evaluate the role of ADAM12 expression in overall survival (OS) of patients. Cox-regression analysis was performed
to judge if ADAM12 could serve as a prognostic marker in breast cancer. Results: The level of ADAM12 was upregu-
lated in tumor tissues of breast cancer compared to that of adjacent normal tissues (P < 0.05). The expression of
ADAM12 was closely related to the Ki-67 and HER2 status (P < 0.05 for both). The results of Kaplan-Meier survival
curve showed that patients with higher level of ADAM12 exhibited shorter survival time compared to that of low level
of ADAM12 (P < 0.001). Cox regression analysis showed that ADAM12 might be a biomarker in predicting prognosis
of patients with ER-positive breast cancer (HR = 7.116, 95% Cl = 3.329-15.212). Conclusion: ADAM12 appears to
be a prognostic marker in ER-positive breast cancer.
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Introduction ADAMs, a group of membrane-associated

metalloproteinases, plays an important role in

Breast cancer is a leading cause of cancer-
related death in women [1], which is character-
ized by diverse clinical behavior and outcomes
[2]. The newly diagnosed patients are common-
ly presented with early-stage breast cancer,
however 20% of them will suffer recurrence in
10 years after diagnosis [3]. In recent years,
despite the advances in early diagnosis and
treatment therapy, there are still many patients
died from cancer recurrence and metastasis.
Until now, there has been many studies that
proposed biomarkers for tumor behavior and
clinical outcome in breast cancer [4-8], howev-
er, the identification of new markers is still nec-
essary [9]. Among the factors related with can-
cer progression, abnormal genes expression
has attracted a lot of attention, some of which
have been demonstrated as independent bio-
markers for breast cancer.

regulating integrin-mediated cell adhesion, cell
signal transduction and proteolytic release [10-
12]. The family contains 20 members, 9 out of
which are produced beyond the reproductive
system: ADAMS, -9, -10, -12, -15, -17, -19, -28
and -33. The expression of ADAM12 is upregu-
lated in various cancers [13-15]. Moreover,
ADAM12 has been demonstrated as a suscep-
tibility gene of breast cancer [16]. Frohlich et al.
reported that overexpression of ADAM12 accel-
erated the progression of breast cancer [17].
The related study also suggested that the level
of ADAM12 was associated with disease status
and pathologic stage in breast cancer [14, 17].
However, there are no studies investigating the
effects of ADAM12 expression on the survival
of patients with breast cancer.

Our study was aimed to ensure if ADAM12
expression served as a prognostic biomarker in
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Figure 1. The expression level of ADAM12 in tumor
tissues and adjacent normal tissues of ER-positive
breast cancer. The level of ADAM12 in tumor tissues
was significantly higher than that of normal tissues
(P < 0.001). BC indicates breast cancer.

breast cancer. The expression level of ADAM12
in serum and tissues (tumor tissues and adja-
cent normal tissues) were tested with real-time
quantitative PCR (RT-qPCR). Kaplan-Meier and
Cox analyses were conducted to the role of
ADAM12 in breast cancer.

Materials and methods
Participants

In this research, 205 women from Affiliated
Central Hospital of Huzhou Teachers College
with breast cancer were selected. Among them,
76 individuals were diagnosed as estrogen
receptor (ER) negative and 129 were ER posi-
tive. 129 women with ER positive breast cancer
were included. They were aged 25-75 years old
at the time of diagnosis. The patients who had
metastatic disease, tumor history and rece-
ived neoadjuvant chemotherapy were exclud-
ed. After the selection, 127 patients were
selected.

Pathological information was collected: primary
tumor size, Ki-67 status and HER2 status.
Before surgery, the blood samples of each indi-
vidual were collected. Meanwhile, 127 tumor
samples and adjacent normal samples were
also collected for further analysis. The follow-
ups were performed after the treatments. In
the survey, survival time, date of death and
date of last follow-up were recorded. The over-
all survival time was defined from the time as
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treatment began to death time or date of last
follow-up.

All the participants signed the written consent
before the study and the study was approved by
The Ethical Committee of the hospital.

RT-gPCR assay

Total RNA was extracted from serum and tissue
samples by Qiagen DNeasy Blood & Tissue Kit,
followed by cDNA synthesis with First Strand
cDNA Synthesis Kit (Thermo Scientific). GAPDH
was used as internal control. The expression of
ADAM12 was analyzed with Applied Biosy-
stems 7500 real-time PCR system (Applied
Biosystems, Foster City, CA, USA). The adopted
calculation method was 224°7, All the samples
were tested in triplicate.

Statistics

All the analysis was completed in SPSS 12.0.
The differences in the level of ADAM12 between
tumor tissues and adjacent normal tissues
were compared with paired t-test. The relation-
ship of expression of ADAM12 with clinical fea-
tures was analyzed via x? test. Kaplan-Meier
analysis was adopted to evaluate the effects of
ADAM12 expression on the overall survival
(0S) of patients with breast cancer. Whether
ADAM12 could serve as a prognostic marker in
breast cancer was estimated by Cox-regression
analysis. The figures were finished in Graphpad
prism 5. All the tests were two-tailed, and P <
0.05 indicated that there was significant
difference.

Results

The expression level of ADAM12 in serum and
tissues

The level of ADAM12 in serum and tissues were
tested with RT-gPCR technology. The relative
content of ADAM12 in serum was 3.74. It was
obvious that ADAM12 expression level was
higher in tumor tissues compared to that of
adjacent normal tissues (P < 0.05) (Figure 1).

Basic characteristic of patients with ER-
positive breast cancer

The clinical characteristics of patients with

ER-positive breast cancer were listed in Table
1. The patients were divided into two groups
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Table 1. Relationship between ADAM12 expression and clinical ADAM12 may be correlated
features of patients with prognosis in breast
o Expression cancer.
Characteristics Case NO. - X2 P value
High Low Kaplan-Meier survival
Age 0961  0.327 curve and Cox regression
<49 60 41 19 analysis
> 49 67 51 16
Family history 1.298 0.255 Kaplan-Meier survival cur-
Yes 72 55 17 ve was constructed to
No 55 37 18 determine the differences
Tumor size 0.339 0.561 in survivaITiituationI of IItwo
patients. e result illus-
=35 82 58 24 trated that high level of
>3.5 45 34 1 ADAM12 predicted worse
Ki-67 4.958 0.026 prognosis of patients with
Positive 71 57 14 ER-positive breast cancer
Negative 56 35 21 (P < 0.001) (Figure 2).
HER2 4.013 0.045 Further analysis of Cox
High 76 60 16 regression provided evi-
Low 51 32 19 dence that ADAM12 was
a promising prognostic
biomarker in ER-positive
Gene breast cancer (HR = 7.116,
7 _High 95% Cl = 3.329-15.212)
—_J:hci);;\—oensored (Table 2)
—+— Low-censored
0 Low expression (n=35 L Discussion
° ADAMSs have specific extra-
§ cellular domains, such as a
= %] High expression (n=92) prodomain, metalloprotein-
g ases domain, epidermal
& growth factor (EGF)-like
T 04- repeat domain, disintegrin
g domain, cysteine-rich do-
o) .
main, transmembrane do-
0o main and cytoplasmic
domain. ADAMs show many
P=0.000 mportant biological activi-
ties through these doma-
£ ins. First, ADAMs can shed
0.00 10,00 20000 30,00 40,00 50,00 60,00 growth factors of TGF-a

Time (months)

Figure 2. Kaplan-Meier survival curve. Increased expression of ADAM12 pre-
dicted worse clinical outcome of patients with ER-positive breast cancer.

according to the level of ADAM12. There were
no obvious differences in age, family history
and tumor size between two groups (P > 0.05
for all). While, it turned out that ADAM12 level
was significantly related with Ki-67 and HER2
status (P < 0.05 for both), which indicates that
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and HB-EGF, which results
in promoted cell prolifera-
tion. Second, ADAMs serve
as adhesion molecules by
binding to inregrins with
cysteine-rich and disintegrin domains. Third,
ADAMs incline to regulate cell proliferation sig-
nals via integrins. Fourth, the proteinase activi-
ty of ADAMs to membrane-anchored molecules
of cytokines, chemokines or its receptors laid
basis for its role in cancer progression. The fact
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Table 2. Multivariate analysis of ADAM12 ex-
pression in ER-positive breast cancer

Characteristics Pvalue HR 95% ClI

Age 0.161 0.725 0.462-1.137
Tumor size 0.145 0.691 0.420-1.136
Ki-67 0.347 1.275 0.768-2.116
HER2 0.615 1.132 0.698-1.835

ADAM12 expression 0.000 7.116 3.329-15.212

is that ADAMSs contribute to the occurrence of
many cancers [18].

ADAM12 is a member of ADAM family. It has
certain crucial biological functions in tumors.
Like other ADAMs, ADAM12 also could regulate
proteolytic ectodomain and result in shedding
of growth factors [11, 19, 20]. Besides, it is
involved in nonproteolytic protein-protein inter-
actions. The expression level of ADAM12 is
always low. Nevertheless, its increased level
was observed in liver cancer, bladder cancer,
lung cancer and breast cancer [21-24]. ADAM12
is commonly expressed as two forms: trans-
membrane form (ADAM12-L) and secreted form
(ADAM12-S). The research of Roy et al. found
that overexpression of ADAM12-L and ADAM-
12-S in breast cancer cells could promote the
estrogen-independent proliferation [25].

In terms of the abnormality behavior of ADAM12
in cancers or diseases, there has been many
studies investigating the specific role in single
cancer or disease. Yang et al. concluded that
ADAM12 was a promising diagnostic marker for
complete spontaneous abortion and ectopic
pregnancy in symptomatic women [26]. A study
on oral squamous cell carcinoma indicated that
high level of ADAM12 could accelerate cell
proliferation [27]. The positive activation loop
between ADAM12 and HER2 may contribute to
tumor cell migration and invasion in human
head and neck cancer [28]. It also appears to
be a prognostic marker in resected pethologi-
cal stage | lung adenocarcinoma [23].

Based on the previous studies, our study test-
ed the expression level of ADAM12 in serum
and tissues. The results showed that the level
of ADAM12 was upregulated in tumors serum
and tissues. Moreover, its expression was
associated with Ki-67 and HER2 status. The
Kaplan-Meier survival curve illustrated that the
patients with high level ADAM12 were more
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likely to experience short survival time. Cox
regression analysis indicated that ADAM12
was an independent marker for predicting clini-
cal outcome in breast cancer.

Taken together, ADAM12 may serve as a prom-
ising biomarker for predicting prognosis of
patients with breast cancer. The present study
only considered the effects of single gene on
the survival situation, future researches should
take more factors into account to get better
understand on the pathological mechanism of
breast cancer. ADAMs play its roles by many
ways, so further studies to make sure the func-
tion mechanism of ADAM12 in breast cancer
are necessary for promoting the treatments of
patients.
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