
Romanian Journal of Morphology and Embryology 2010, 51(4):669–676 

 

OORRIIGGIINNAALL  PPAAPPEERR  

Molecular profiling of ADAM12 gene  
in breast cancers 

DIANA NARIŢA1), A. ANGHEL1), E. SECLAMAN1), R. ILINA2),  
NATALIA CIREAP2), S. URSONIU3) 

1)Department of Biochemistry 
2)Department of Surgical Oncology 

3)Department of Public Health 
“Victor Babeş” University of Medicine and Pharmacy, Timisoara 

Abstract 
ADAMs (a disintegrin and metalloproteinase) family have been associated with the process of proteolytic "shedding" of membrane-
associated proteins ectodomain and hence the rapid modulation of key cell signaling pathways in tissues microenvironment. A variety of 
cytokines, chemokines and growth factors which are initially produced as transmembrane proforms are activated by these sheddase 
activities. ADAM12 is highly expressed in rapidly growing tissues such as placenta and malignant tumors and it was found as one of the 
Candidate Cancer Genes in a comprehensive mutational analysis of human breast cancers. Our aim was to determine the gene 
expression profile of ADAM12 in breast cancers in comparison with normal breast and to correlate their level of expression with the clinical 
and pathological characteristics of breast cancers. Gene expression of ADAM12 spliced variants (12L and 12S) was evaluated using 
quantitative reverse-transcription PCR in samples obtained by laser capture microdissection from 38 patients with breast cancers and 
compared with adjacent healthy breast tissues. Both ADAM12L and 12S expression were significantly up-regulated in breast cancers, 
while in the normal breast, we found a very low expression. ADAM12L expression was significantly correlated with the histopathological 
types and, although not statistically significant, ADAM12 both variants were up-regulated in high-grade, highly-proliferative and HER2/neu 
positive tumors. From these preliminary results, we found that ADAM12 could be an interesting marker and eventually a therapeutic target 
for breast cancer. 
Keywords: ADAM12, breast cancers, laser-capture microdissection, gene expression. 

 Introduction 

ADAMs roles in cancers 

The ADAMs (a disintegrin and metalloproteinase) 
comprise of a large family of more than 30 proteins that 
belong to the metzincin family of matrix zinc-dependent 
proteases and together with the snake venom metallo-
proteases and ADAMs containing thrombospondin 
sequences (ADAMTS) they constitute the adamalysin 
subfamily [1–3]. They are multidomain, transmembrane 
and secreted proteins with protease, adhesion, fusion 
and signaling activities. These multiple functions are 
reflected in the structure of the protein, which can be 
divided into head, body and tail. From the N terminus, 
the head of the protein, consisting of the pro and 
catalytic domains mediates processing of growth factors 
and cytokines by ectodomain shedding and has been 
implicated in epidermal growth factor (EGF) and 
insulin-like growth factor (IGF) receptor signaling. The 
body of the protein, consisting of the disintegrin, 
cysteine-rich, and EGF-like domains is involved in 
contacts with the extracellular matrix and other cells 
through interactions with integrins and syndecans. The 
tail of the protein (cytoplasmic domain) is involved in 
interactions with intracellular signaling molecules. In 
addition, splice forms exist for several ADAMs, for 
example for ADAM 9, 12 and 28, shorter secreted and 
soluble forms have been described [4–9]. 

The gene for human ADAM12 resides on chromo-
some 10q26 and encodes two different forms: a trans-
membrane form, ADAM12L and a spliced secreted 
form, ADAM12S. ADAM12S has all the extracellular 
domains but lacks the transmembrane and cytoplasmic 
domains. Instead, the EGF-like domain is followed by a 
stretch of 33 unique amino acids [10, 11]. 

ADAM12 is expressed in high amounts in tissues 
characterized by excessive growth, including human 
placenta and tumors. ADAM12 is expressed at low 
levels in most normal adult tissues, but it is expressed at 
higher levels by tumor cells and is associated with the 
progression and spread of human cancers [12]. Most 
recently, it was showed that ADAM12 regulates tumor 
progression in gene-modified mice models [13–15]. 
Breast cancers are often associated with elevated levels 
of ADAM 9, 12, 15, 17 and 28 [16–18].  

Recently, ADAM12 has been identified as one of the 
candidate cancer genes in a comprehensive mutational 
analysis of human breast cancer. Among 122 genes 
found to be mutated with high frequencies in breast 
cancers, there was only one ADAM, namely ADAM12 
and furthermore, only 14 genes had a higher cancer 
mutation prevalence score than ADAM12. High muta-
tion frequency, together with a strongly up-regulated 
expression of ADAM12 in breast cancer suggests that 
ADAM12 may play an important role in breast cancer 
progression [19]. 
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Gene expression profiling using laser capture 

microdissection 
Molecular profiling of single cell population is 

essential for correlating molecular signatures in diseased 
and disease-free cells from the complexes, heterogene-
ous tissues. The heterogeneous tumor microenvironment 
may hamper molecular analysis because it is difficult to 
discern which cells contribute to the signal. Laser 
capture microdissection (LCM) is to date one of the 
most suitable methods that enable researchers to isolate 
specific cells of interest under direct microscopic 
visualization, without contamination from surrounding 
cells (95% purity). LCM in combination with gene 
expression analyses have the potential to provide 
expression profiles from highly homogeneous clusters 
of cells, giving the opportunity to understand the 
process of tumor genesis. On the other hand, there are 
still debates regarding the impact of successive steps of 
LCM procedure on RNA quality [20–23]. 

In this context, our aim was to confirm the up-
regulation of ADAM12 gene splicing variants in homo-
genous laser-capture microdissected breast malignant 
cells compared to healthy adjacent breast acini and to 
correlate the ADAM12 level of expression with signi-
ficant clinicopathological characteristics of investigated 
breast cancers. 

 Material and Methods 

Patients and tumor characteristics 
We have evaluated a total of 38 malignant breast 

tumors from patients (range between 38 and 74; mean: 
56; median: 58) who underwent surgery at the Surgical 
Oncology Department of the “Victor Babeş” University 
of Medicine and Pharmacy, Timişoara, during 2009–
2010. Corresponding normal tissues remote from the 
same patients were taken as controls. Informed consent 
was obtained from all the patients before surgery and 
the study was approved by the Ethical Committee of our 
University. Table 1 summarizes the characteristics of 
the patients that were included in our study. 

Table 1 – Characteristics of breast cancer patients 
Breast cancers Characteristic 

n=38 Percent 
Age [years] 

≤50 11 29 
>50 27 71 

Tumor size [cm] 
<5 25 65.79 
≥5 13 34.21 

Nodal status 
Positive 22 57.89 
Negative 17 42.11 

Histology 
Invasive ductal 25 65.79 
Invasive lobular 8 21.05 

Other types 5 13.16 
Histological grade (G) 

G1 4 10.53 
G2 30 78.94 
G3 4 10.53 

Breast cancers Characteristic 
n=38 Percent 

Stage 
I, IIA 16 42.11 

IIB, IIIA 10 26.31 
IIIB, IV 12 31.58 

Estrogen receptor status 
Positive 28 73.68 
Negative 10 26.32 

Progesterone receptor status 
Positive 29 76.315 
Negative 9 23.685 

HER2/neu status 
Negative (0) 6 15.79 

Negative (+1) 28 73.68 
Positive (+2, +3) 4 10.53 

Unknown – – 
Ki67 [%] 

≤10 15 39.47 
>10 23 50.53 

Unknown – – 
Inflammatory infiltrate 

Moderate/Abundant 19 50 
Absent/Low 19 50 

BMI (Body Mass Index) [kg/m2] 
<25 11 29 
≥25 27 71 

Samples preparation 

Following surgical resection and macroscopic patho-
logical assessment, prelevated tissues (0.5–1/0.5 cm) 
were preserved in 2 mL tubes with RNAlater solution 
(Ambion, Applied Biosystems, Germany) at +40C for 
24 hours and then frozen at -800C. Corresponding non-
lesional tissues served as normal controls and were 
treated in similar manner. 

Laser captured microdissection (LCM) 

We used laser-capture microdissection to select and 
procure only the desired cell types (malignant groups of 
cells/normal mammary acini), under direct microscopic 
visualization. We used the UV cutting system mmi 
SmartCut Plus (MMI Molecular Machines & Industries, 
Glattburg, Switzerland) with Olympus microscope. 
Following the manufacturer protocol, frozen tissues 
were embedded in TissueTek medium and cut at -300C 
(Leica CM1850 cryostat, Leica Microsystems GmbH, 
Wetzlar, Germany). The 4-µm cryosections were 
mounted on RNase free membrane slides (mmi 
MembranSlides, MMI, Glattburg, Switzerland), which 
were immediately processed or stored at -800C. 
Consecutive cryosections from each specimen were 
mounted also on silanized glass slides and, after 
standard Hematoxylin–Eosin staining, the sections were 
evaluated by an experienced pathologist. The membrane 
slides for LCM were stained using either HE staining kit 
for LCM (MMI, Switzerland), following the manufact-
urer protocol or cresyl violet acetate staining (Acros 
Organics, Geel, Belgium). For cresyl violet acetate 
staining, the slides were thawed at room temperature for 
30 seconds, and then covered for 1 minute with cresyl 
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violet 1% solution in absolute ethanol, followed by  
1 minute washing in 70% ethanol, dehydration for  
1 minute in 100% ethanol and air dried for maximum  
5 minutes. LCM was performed immediately after 
staining. The polyethylene tetraphthalate (PET) mem-
brane slide was protected with an RNase free normal 
glass slide (15×49 mm) and placed on microscope. The 
selected cells were cut using adequate power and focus 
for UV laser shots. The cut area was captured together 
with the membrane on which it was cleaved to, by 
automatically placing down the adhesive lid of an 
RNase free microcentrifuge tube (mmi IsolationCaps 
500 µL tube with adhesive lid and diffuser, MMI 
Switzerland) onto the cut area. 

RNA extraction 

When all selected groups of cells were removed, 
100 µL lyses buffer (RNAqueous-Micro kit, Ambion, 
Applied Biosystems, Germany) was added in the micro-
centrifuge tube and vortexed in order to remove the 
cells from the lid. We proceeded further with the RNA 
extraction using RNAqueous-Micro kit, following 
exactly the manufacturer protocol for microdissected 
cells. The RNA was eluted in 20 µL elution solution 
provided with the kit. RNA concentration and purity 
were spectrophotometrically quantified (NanoDrop 
ND1000). Extracted RNA was stored at -800C until 
further gene expression analyses.  

Real-time RT–PCR 
We quantified the gene expression for the investiga-

ted genes normalized against β-actin housekeeping 
gene, using the Q–RT–PCR on LightCycler 1.5, soft-
ware version 5.3 (Roche, Germany) and SYBRGreen 
method. Because small, precious quantity of RNA 
extracted from LCM samples do not allow normali-
zation with multiple housekeeping genes, the most 
appropriate normalizer gene (β-actin) was selected from 
literature [24]. We used QuantiTect SYBR Green one-
step RT-PCR kit and QuantiTect Primer Assays 
(Hs_ADAM12_va.1_SG; Hs_ADAM12_vb.1_SG and 
Hs_ACTB_1_SG; the manufacturer do not provides the 
sequences) (Qiagen, Germany). We diluted the RNA in 
RNase free water in order to obtain an input template 
concentration of 0.5 ng/µL for each reaction. We 
followed further the manufacturer protocol adapted for 
LightCycler 1.5. for a total volume of 10 µl. Briefly, we 
pipetted in 20 µL LightCycler Capillaries: 5 µL of 
master-mix (RT SYBRGreen Buffer) with 1 µL specific 
primers, 0.1 µL RT-PCR enzymes, 5 ng RNA/tube 
(usually 1 µL RNA containing 5 ng RNA) and RNase 
free water (usually 2.9 µL). We programmed the real-
time device following the QuantiTect Primer Assay kit 
protocol: reverse transcription at 500C for 20 minutes, 
initial polymerase ctivation step at 950C for 15 minutes 
followed by three-steps amplification cycles (denatu-
ration at 940C for 15 seconds, annealing at 550C for  
20 seconds and elongation at 720C for 20 seconds). The 
fluorescence intensity reflecting the amount of actually 
double-stranded formed PCR-product was read in real-
time at the end of each elongation step. All samples 
were run in duplicate together with appropriate non-

template controls; the coefficient of variation was <2% 
for all replicates. In parallel, in order to verify the 
results, we used also the two-step RT–PCR method. We 
synthesized cDNA using QuantiTect Reverse Transcrip-
tion kit and performed amplification with QuantiTect 
SYBR Green PCR kit (Qiagen, Germany) following 
exactly the manufacturer protocols. The results that we 
obtained with both, two-step and one-step methods were 
quite similar. The relative quantification levels for the 
genes expression were calculated using the 2-∆∆CT 
method (CT = crossing points, cycle number where the 
fluorescence crossed the threshold): ∆CT = CT (target 
gene) – CT (housekeeping gene, β-actin); ∆∆CT = ∆CT 
patients - ∆CT normal controls. The expression 
comparative level will be 2-∆∆CT [25]. 

Statistical analysis 
Data analyses were carried out using the two-

sample, rank sum Wilcoxon (Mann–Whitney) test and 
equality of populations (Kruskal–Wallis) test. Data for 
all gene expressions normalized to β-actin are reported 
as summary statistics (mean ± SD and median). The 
threshold for significance was set at p<0.05. 

 Results 

Laser-capture microdissection 

The statistics regarding the areas and number of cells 
that were captured and corresponding RNA quantity and 
purity are represented in Table 2.  

Table 2 – Statistics for the LCM samples regarding 
the areas and number of cells that were captured and 
corresponding RNA quantity and purity 

Parameter
Laser 
shots 

(N) 

Captured 
area 
[µm2] 

Captured 
cells  
(N) 

Correspondent 
total RNA  

[ng] 
A260/280

Average 48.307 3660570 13972 139.72 1.82
Median 56 2569720 9808 98.08 1.85

Min. 11 1178654 4499 44.99 1.75
Max. 116 9274800 35400 354.00 1.98

Because we observed that microdissection of a large 
number of cells (>40000 cells) affected the propor-
tionality with the quantity of the obtained RNA, we 
assumed that the LCM duration affects the RNA 
quality. In order to minimize this effect, we tried to 
reduce the LCM duration at 30 minutes. The number of 
cells that were microdissected/sample was dependent on 
the abundance of malignant cells that were available on 
each slide. We did not observed variations in RNA 
quality related to staining that was used, but the HE 
staining procedure permitted a better visualization of the 
morphology of cells (Figures 1 and 2). 

Gene expression analyses 

Gene amplification was successful in the large 
majority of samples except two LCM samples that were 
excluded because of the low quantity of RNA. 

Gene expression variability between normal and 
malignant breast tissues 

Both investigated genes (normalized to β-actin) 
revealed significantly elevated mRNA amounts (∆CT 
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mean ± SD and median for ADAM12L: 5.833±1.839, 
median=6.243 vs. 8.849±0.116, median=8.865, p<10-3 

and for ADAM12S: 7.625±3.188, median=8.165 vs. 
10.141±0.121, median=10.112, p=0.0021) in breast 
cancers vs. adjacent paired healthy laser-capture micro-
dissected breast samples. Regarding the differences of 
expression between the two genes, in both healthy 
adjacent tissue and malignant tissues, ADAM12L  
was overexpressed in comparison with ADAM12S 
(p=1.943e-10 for healthy and p=3.058e-15 for malign-
ancies) (Figure 3). 

Correlations between gene expression of 
ADAM12 splicing variants (12L and 12S) and breast 
cancers characteristics 

ADAM12L (membrane-bound long variant) was 
significantly correlated only with the histopathological 

types, being higher expressed in ductal invasive 
carcinomas (p=0.01). Although not statistically signi-
ficant, both ADAM12 variants had a higher level of 
expression in HER2/neu positive, highly-proliferative 
(Ki67>10%), high-grade (G3) and in tumors with by an 
abundant inflammatory infiltrate. ADAM12L had a 
higher expression in younger patients with ductal 
invasive carcinomas, while ADAM12S was over-
expressed in older patients with lobular invasive 
carcinomas. No significant differences were found 
regarding the expression levels of ADAM12L and 12S 
when considering the different TNM stages, the tumor 
size, nodal or ER/PR status but interesting the two 
ADAM12 gene variants were up-regulated in smaller, 
node negative tumors. These data are summarized in 
Figures 4–7. 

 

(a)  (b)
Figure 1 – Normal mammary gland acini, ob. 20×, cresyl violet acetate staining; (a) before, and (b) after laser-capture 
microdissection. 

 

(a)  (b)

(c)  

Figure 2 – Invasive ductal carcinoma, ob. 20×, HE staining; 
(a) before, (b) after laser-capture microdissection, and (c) 
the cap with the captured groups of cells. 
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Figure 3 – ADAM12 gene variants up-regulation in 
breast cancers vs. normal breast tissues. 
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Figure 4 – Correlation of ADAM12L expression with 
clinicopathological characteristics (age at diagnostic, 
tumor size, nodal status, histological type and grade, 
TNM stage). 
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Figure 5 – Correlation of ADAM12L expression with 
clinicopathological characteristics (ER/PR/HER2 
status, Ki67, tumor inflammatory infiltrate). 
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Figure 6 – Correlation of ADAM12S expression with 
clinicopathological characteristics (age at diagnostic, 
tumor size, nodal status, histological type and grade, 
TNM stage). 
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Figure 7 – Correlation of ADAM12S expression with 
clinicopathological characteristics (ER/PR/HER2 
status, Ki67, tumor inflammatory infiltrate). 

 Discussion 

It was established before that ADAMs family mem-
bers and especially ADAM 9, 12, 15, 17 and 28 could 
be differentially expressed between normal and patholo-
gical mammary gland, but their pattern of expression 
and the intimate mechanism of action are not precisely 
established yet [16–18, 26–30]. Few studies regarding 
ADAMs gene expression were performed in cancers at 
mRNA level and, after our knowledge, ADAM genes 
expression was not analyzed yet in laser-capture micro-
dissected samples. In this context, the aim of this study 
was to compare the expressions of ADAM12 gene 
splicing variants (ADAM12L, ADAM12S) in breast 
cancers paired with normal adjacent tissues as controls 
and to compare their level of expression with significant 
clinical and pathological breast cancer characteristics. 
As novelty, this is the first study addressed to monitor 
some of the ADAMs gene family member’s expression 
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at mRNA level in LCM-processed breast samples. We 
showed that although there was a bias in monitoring 
gene expression in LCM samples induced especially by 
the time required for processing LCM samples, this  
bias was circumvented by limiting the time for micro-
dissection to 30 minutes. The microdissection of about 
4000 cells was enough to monitor the expression of 
three genes, all in duplicate (with a starting RNA 
template concentration of 0.5 ng/µL). Our results regar-
ding the amount and the purity of the RNA (measured 
spectrophotometrically) obtained from LCM samples 
were similar with that from other studies [23, 31, 32]. 
Using two different staining (MMI HE staining kit for 
LCM and an in-house rapid cresyl violet acetate 
staining) we did not observed differences in the RNA 
quality, but the HE staining confers a better estimation 
of cells morphology. 

We observed a significant higher expression for 
ADAM12L (p<10-4) and ADAM12S (p=0018) in can-
cers compared to normal breast. Our findings regarding 
ADAM12L and 12S pattern of expression are in accor-
dance with some previous studies [12, 33], whereas 
others have demonstrated that only the long trans-
membrane variant was up-regulated in breast cancers 
[3, 34]. In a study performed by Lendeckel U et al. [17] 
on 24 breast cancer specimens and corresponding non-
neoplastic tissue, mRNA expression of ADAM 9, 12 
and 17 were increased, whereas ADAM 10 and 15 were 
not differently expressed. Application of anti-ADAM15 
and anti-ADAM17 antibodies significantly inhibited the 
proliferation of both MCF-7 and MDA–MB453 breast 
cancer cell lines, whereas the growth of MCF-7 cells 
appeared to be stimulated after the administration of 
anti-ADAM12 antibodies [17]. 

Recent proteomic approaches detected ADAM12S 
in body fluids, including serum [27, 28] and urine [29] 
that appears to be an important noninvasive biomarker 
of disease involving tissue growth. Moreover, it was 
suggested that urinary levels of ADAM12 correlate with 
breast cancer status and stage [29, 30]. In the present 
study, performed at mRNA transcriptional level, we did 
not find correlations with the TNM stages, however, 
although not statistically significant, both ADAM12 
variants showed an increased expression in high-grade 
cancers, in cancers with high degree of proliferation and 
in HER2/neu positive tumors. ADAM12L (membrane-
bound long variant) expression was increased in inva-
sive ductal carcinomas compared to lobular invasive; in 
contrast, ADAM12S seemed to be higher expressed in 
lobular carcinomas. This finding regarding ADAM12 
overexpression in ductal carcinomas was not in 
accordance with a previous microarray study, where 
ADAM12 showed an up-regulation in invasive lobular 
carcinomas, but that study was performed only on inva-
sive lobular carcinomas from five patients and made no 
distinction between the ADAM12 variants [35]. 

For ADAM12 variants, the variability between 
individual tumors was significant, suggesting a high 
dependence of gene expression of tumor characteristics. 
Because our tumors were collected consecutively and 
had different characteristics regarding histopathological 
type, stage, grade or proliferation rate, the variability 

regarding the gene expression is not unexpected. 
Kveiborg M et al. [13] proposed that ADAM12 

increased tumor aggressiveness by decreasing time for 
tumor onset, increasing tumor burden and metastasis 
and increasing the degree of malignancy by conferring 
both increased stromal cell apoptosis and decreased 
tumor cell apoptosis especially through interactions with 
β-integrin and syndecans and this effect could be 
independent of the protease activity of ADAM12. The 
protease function is attributable especially to ADAM12S. 
Peduto L et al. [14] describe the identification of 
ADAM12 as a novel marker for a subpopulation of 
stromal cells that are adjacent to epithelial tumor cells in 
three mouse carcinoma models (models for prostate, 
breast and colon cancer) and they show that ADAM12 
is essential for crosstalk between stromal and tumor cell. 

Our findings regarding the overexpression of 
ADAM12 in smaller, node negative tumors could be in 
accordance with the study performed by Dyczynska E 
et al. [36]. They investigated the effects of cancer-
associated mutations on ADAM12 function and showed 
that two mutations that are classified as cancer-causing 
by bioinformatics approach block the generation of the 
mature, active form of ADAM12, interfere with the 
intracellular trafficking of ADAM12, leading to the 
retention of ADAM12 in the endoplasmic reticulum and 
result in loss of ADAM12 function at the cell surface. 
The aforementioned study suggests that ADAM12 has a 
dual effect on breast cancer progression. This effect 
would be similar to the effect of TGF-β, which has 
tumor growth-inhibiting activity at the early stage of 
tumor development and tumor-promoting activity 
during later stages of tumor progression and invasion 
[37, 38]. This explanation is sustained by the fact that 
ADAM12 interact with TGF-β type II receptor, to 
enhance TGF-β signaling and this interaction may 
represent a tumor-suppressing aspect of ADAM12. 
Furthermore, ADAM12 sheds DII1, a ligand for Notch 
receptor and modulates the Notch signaling. DII1, 
similar to ADAM12, is highly expressed in breast 
tumors. Although Notch signaling stimulates mammary 
tumorigenesis, the Notch pathway has also been repor-
ted to have tumor-suppressive functions [39]. On other 
hand, in the study of Lendeckel U et al. [17], appli-
cation of anti-ADAM12 antibodies on MCF-7 cells 
appeared to stimulate their growth. In consequence, the 
effect of ADAM12 in breast cancer progression may be 
dual and dependent on tumor stage. 

 Conclusions 

In summary, our study, performed at transcriptional 
level, in homogenous laser-capture microdissected sam-
ples supports the previous studies regarding the over-
expression of ADAM12 both splicing variants in breast 
cancers. Between the two spliced variants expression, 
ADAM12L was significantly higher expressed than 
ADAM12S in either normal breast tissues or breast 
cancers. ADAM12L and 12S were higher expressed in 
high-grade, highly-proliferative and HER2/neu positive, 
but interestingly, node negative and smaller tumors. 
ADAM12L was higher expressed in younger patients 
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with ductal invasive carcinomas, while ADAM12S was 
higher expressed in older patients with lobular invasive 
carcinomas. Our study confers further evidence that 
ADAM12 is implicated in breast cancers tumorigenesis 
and progression and could be an interesting marker and 
eventually a therapeutic target for breast cancer. 
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