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Introduction
Invasive ductal (IDC) and Invasive lobular (ILC) breast carcinomas 

are the most common malignancies of the breast, accounting 80% and 
15% of all invasive breast tumors, respectively [1,2]. Clinical pathological 
parameters for aggressiveness such as tumor size, grade and stage are 
similar for both tumor types [1,3,4]. However, clinical follow-up data 
and the patterns of metastasis suggest that their development and 
progression are different with lobular tumors being less responsive to 
neoadjuvant therapy [1,5-7]. The loss of adhesion may explain why 
ILCs tend to form discohesive histological patterns, a characteristic 
of primary tumor and metastasis to more remote locations, such 
as gastrointestinal tract, peritoneal surface and retroperitoneum, 
compared with IDCs that move preferentially to lymph nodes, lung, 
pleura, liver, brain and bones [1,2,7]. Loss of expression of E-cadherin, 
the major adhesion protein to the epithelium of the breast, reflects 
the histological morphology of ILCs [8-10]. However, not all ILCs 
show complete loss of expression of E-cadherin, implying that other 
mutations or RNA expression alterations in genes involved in cell-cell 
adhesion may occur [9]. 

ADAM33 belongs to the ADAM family of transmembrane 
glycoprotein and play diverse roles in cell surface remodeling, 
ectodomain shedding of growth factors and receptors, and mediation 
of cell–cell and cell–matrix interactions [11,12]. Seniski et al. [13] 
showed that the ADAM33 promoter hypermethylation was present in 
76.2% of ILC compared with 25.5% in IDC (p=0.0002). Based on these 
results, the ADAM33 gene silencing may be related to the discohesive 
histological nature of ILCs. Previously, we suggested that the ADAM33 
promoter methylation may be useful to differentiate ILCs from IDCs.

In this study, we cloned the ADAM33 cysteine rich domain, 
expressed and purified the recombinant protein. The recombinant 
protein was then used to produce polyclonal antibodies in order to 
validate ADAM33 proteinas a new molecular biomarker for ILCs using 
immunohistochemistry assays. 

Materials and Methods
Cloning the cystein rich domain of ADAM33

The PCR amplification of the ADAM33 cysteine rich domain 
was performed from a cDNA library of normal breast cells using the 
forward primer 5’ACG GCT ACC TGG TAC CAC C, and the reverse 
primer 5’ GCA GGA AGG CAT TGT GGT TT. The purified ADAM33 
PCR product was ligated into the pGEM®Teasy vector (Promega, 
Brazil). The ADAM33–pGEM®Teasy construct was transformed into 
E. coli DH10B by electroporation [14]. One clone was selected and
sequenced. This clone, named pGM04, was used for plasmid DNA
purification using the QiaexII kit according to the manufacturer’s
instructions (Qiagen, USA). The purified plasmid was digested with
the EcoRI (Invitrogen), and subcloned in a pET28a (Novagen) vector.
This construction named pGM05 was confirmed by sequencing in an
ABI3100 sequencer (Applied Biosystems).

ADAM33 recombinant expression and purification 

The pGM05 plasmid was transformed into E. coli BL21 Ai 
(Invitrogen). The transformed E. coli strain was grown in 3 ml of LB 
medium overnight at 37°C shaking at 120 rpm. Approximately, 1:1000 
dilution of the culture was then grown in 100 ml LB medium until 
reaching an absorbance of 0.6 at 600 nm. At this point, the expression 
was induced with 1.0 mM of isopropyl-β-D-1-thiogalactopyranoside 
(IPTG) and 2% arabinose for 4 hours at 37°C with shaking. The induced 
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Abstract
Invasive ductal carcinoma (IDC) and invasive lobular breast carcinoma (ILC) are the most common malignancies 

compromising the breast tissue in women worldwide. ILCs tend to form metastasisin remote locations, such as the 
gastrointestinal tract, peritoneal surface and retroperitoneum, compared with IDCs that move preferentially to the 
lymph nodes, lung, pleura, liver, brain and bones. The histological characteristics of these two tumors are very 
similar and there is no useful molecular marker to differentiate IDC from ILC to date. In this study, we cloned and 
expressed ADAM33 recombinant protein cystein rich domain in order to produce polyclonal antibodies and used it 
as a new immnunohistochemical molecular biomarker that specifically recognizes the ILC breast cancer subtype.
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cells expressing the ADAM33 recombinant proteins were collected by 
centrifugation, resuspended in 30 ml buffer A (50 mM Tris–HCl, pH 
7.8; 50 mM NaCl; urea 8M, 20 mM imidazole), and sonicated in an 
ice-bath of 6 cycles of 20 seconds. The extracts were then clarified by 
centrifugation at 30,000 × g, 30 min at 4°C and the soluble fraction was 
loaded onto a 1 ml Hi-Trap Ni-Chelating column (GE Healthcare) and 
pre-equilibrated with buffer A using an Äkta system (GE Healthcare). 
The column was washed with 10 mL of buffer A and proteins were 
eluted using 20 ml of an imidazole gradient (from 20 mM to 1M). 

Polyclonal antibody production 

Four female Balb/c mice (45 days old) were immunized three 
times with purified human recombinant ADAM33 within a fourteen 
day interval; subcutaneously, each purified protein injection was 
administered in a concentration of approximately 100 µl. The first 
injection contained 60 µg of purified ADAM33 in Freund’s complete 
adjuvant (Sigma–Aldrich). The second and third injections contained 
60 µg in Freund’s incomplete adjuvant (Sigma–Aldrich). The 
immunization and bleeding protocols were examined and approved by 
the UFPR Animal Ethics Committee (Process 23075.010136/2010-20). 
The mice were bled on day 60, and the sera were assayed by Western 
blot. 

Protein analysis

Protein electrophoresis was carried out by SDS–PAGE 12% [15] 
and gels were stained with Coomassie Blue. Protein concentrations 
were determined by the Bradford assay using bovine serum albumin 
as a standard [16].

Reactivity of polyclonal antibodies for ADAM33 protein 
from breast cancer cell lines

The specificity of the polyclonal antibodies was confirmed by 
Western Blot, using the extract of protein samples of breast cancer cell 
lines. The breast cancer cell lines were all obtained from the Ludwig 
Institute for Cancer Research (São Paulo, Brazil) and were cultured in 
RPMI 1640 medium containing 10% fetal bovine serum at 37°C in a 
humidified incubator with 5% CO2. The cell lines MCF7 and PMC42 
have positive ADAM33 expression and MDA-MB-231 was negative for 
this gene [13], and therefore, was used as positive and negative controls 
to test the polyclonal antibody. Breast cancer cell line protein lysates 
were obtained from 1.2 × 107 cells in lysis buffer (50 mM Tris-HCl, 
pH 7.4, 0.5% Triton X-100 and 0.2% sodium deoxycholate) containing 
protease inhibitors (Kit Halt TM Thermo Scientific) and1 µl EDTA 0.5 
M. The cell pellets were subjected to sonication and protein samples 
were used in the Western Blot protocol [14]. Polyclonal antibodies of 
ADAM33 were used in a 1:10.000 dilution. The horseradish peroxidase 
(HRP) conjugated light chain-specific anti-mouse IgG secondary 
antibody (GE Healthcare) was used in concert with a chemiluminescent 
substrate (GE Healthcare) for signal detection.

Immunohistochemistry

Immunohistochemistry (IHC) reactions were performed in 
sections of breast cancer from a tissue microarray (TMA) block [17]. 
The TMA consisted of 49 breast cancer cases, 38 IDC samples and 11 
ILC samples. The primary antibody used was the serum from mice 
immunized with the recombinant ADAM33 cysteine rich domain 
diluted at 1:250; and the secondary antibody was the advance link (Dako 
®). The counter-coloration was carried out with Harris hematoxylin for 
5 minutes. The visualization of the samples was performed in BX50 

light microscope (Olympus ®) with a camera (DinoLyfe ®). The software 
used to obtain digital images was the Image Pro Plus 4.5. Each section 
was scanned with an objective of 400x magnification. In the negative 
control no ADAM33 polyclonal antibody was added to the reaction.

Statistical analyses

The statistical analyses were performed using a chi-squared test and 
Fisher’s exact test. Statistical significance was assumed for a p<0.05.

Results
The ADAM33 cysteine rich domain PCR product was cloned into 

the pGEM®Teasy and the EcoRI fragment from the pGM04 plasmid 
were used for subcloning in the pET28a plasmid (data not shown). 

E. coli BL21 Ai strain was transformed with a plasmid named 
pGM05 allowed to purify about 60 mg of recombinant ADAM33 
cysteine rich domain (Figure 1). 

The specificity of the mouse polyclonal antibodies against human 
ADAM33 protein was confirmed by Western blot, using protein 
samples of breast cancer cell lines. The results showed that mouse sera 
have high specificity for ADAM33 recombinant protein since no signal 
was detected in the MDA-MB-231 cell line, which does not express the 
ADAM33 gene [13] (Figure 2). Moreover, MCF7 and PMC42 cell lines 
that express the ADAM33 gene showed a single and strong signal of 
approximately 37 kDa for this protein. All samples tested were positive 
for β-actin protein that was used as a positive control (Figure 2).

In order to analyze the specificity of the Anti-ADAM33 polyclonal 
serum in tissue, immunohistochemistry assay was done using a 
tissue microarray of breast tumors (TMA), comprising of 38 ductal 
and 11 lobular tumors. A representative photomicrograph of tumor 
samples is shown in figure 3. All IDC samples were ADAM33 positive 
(representative sample was shown in the figure 3B), showing infiltration 
by invasive ductal carcinoma cells composed of neoplastic ducts, cells 
with marked atypia, hyperchromatic nuclei and coarse chromatin, 
ample cytoplasm and indistinct boundaries. Compared with the 
negative control (Figure 3A), a cytoplasmic and weak membrane 
signal positivity for anti-ADAM33 was observed in the cancer cells, as 
evidenced by the brown colour of these structures. 

Figure 1: SDS-PAGE gel showing the purification of ADAM33–HisTag. Solu-
ble extract of ADAM33 recombinant protein expressed in E. coli. BL21Ai was 
purified in a Hi-Trap Ni-Chelating column (GE Healthcare). Some proteins 
cannot be detected in the flow through fraction (lane 1-4). Recombinant pro-
tein was eluted using an imidazole gradient (from 20 mM to 1M) (lanes 5-10).
Samples were separated by SDS–PAGE and stained with Coomassie blue.
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On the other hand, 7 out of 11 lobular tumors were ADAM33 
negative. The cancer cells in the figures 3C and 3D show atypical 
neoplastic cells arranged in solid aggregates, or in a single row and 
little desmoplastic matrix interspersed in the neoplastic lobules. Figure 
3D shows an example of lobular carcinoma with poor response to 
polyclonal anti-ADAM33 antibody. It is important to note that there are 
positive stained cells in the cytoplasm and membrane corresponding to 
inflammatory cells inside the tumor.

The TMA consisted of 49 cases, with ages ranging from 27 to 84 
years. The stages of the breast cancer were I, II or III. Tumor types 
of 38 IDC (78%) and 11 ILC (22%) were used in the study. The 

analysis of the ADAM33 gene hypermethylation was done previously 
by our group, using MSP analysis [13] and used here to correlate the 
molecular silencing to the presence or absence of ADAM33 protein 
staining (Table 1). All the IDC samples were ADAM33 protein positive 
in IHC. However, 11 out of 38 tumoral samples (Table 1) showed 
to be hypermethylated in the ADAM33 promoter as seen in our 
previous work [13]. This result could be explained by other epigenetic 
mechanisms involved in the silencing of this gene as discussed below.

Nevertheless, the ILC samples were almost negative since 7 samples 
were totally negative and 4 samples showed a very weak signal for 
ADAM33 IHC. The ADAM33 promoter of 7 out of 11 ILCs samples 
were hypermethylated and no ADAM33 protein signal was visualized 
and this is a statistically significant result (p=0.0004, Table 1). Finally, 
the analysis of histological tumor types and the status of ADAM33 
protein in IHC were statistically significant (p=0.0001). 

Discussion
ILCs is the second most common type of breast cancer, accounting 

for 10–15% of breast cancers [1,5,10]. The immunohistochemistry is an 
essential tool used in the diagnosis and prognosis of cancers, especially 
breast tumors. However, there is no biomarker for differentiation 
of lobular and ductal carcinomas of the breast. In filtrating lobular 
carcinoma (ILC) and infiltrating ductal carcinoma (IDC) are similar 
in many aspects and their histologic features occasionally overlap [5]. 
Despite the similarities, some clinical follow-up data and the patterns of 
metastasis suggest that ILC and IDC are biologically distinct [1]. Most 
breast cancer research has focused almost exclusively in the ductal sub 
type differences or has not stressed the biologic or distinctions between 
breast carcinoma subtypes [5,18].

In this study, we aimed to test if the ADAM33 protein could be used 
as a molecular marker for ILCs since its expression is epigenetically 
down regulated specifically in this breast cancer type [13]. In order to 
accomplish this, we initially generated a reliable polyclonal antibody 
using a truncated form of ADAM33 gene; which encodes for the 
cysteine rich domain. The recombinant protein was expressed in E. 
coli BL21 Ai, purified and used to immunize Balb-c mice. The serum 
specificity for the truncated ADAM33 protein was then challenged 
against crude extract of the breast cancer cell line MDA-MB-231, 
which was previously shown to be silenced by DNA hypermethylation 
[13] and has no signal of the polyclonal anti-ADAM33. Moreover, 
MCF7 and PMC42 cell lines that express the gene and are promoter 
methylation free, showed a single signal of approximately 37 kDa in 
a Western blot. These results reinforce that the polyclonal antibodies 
produced were specific for the ADAM33 protein. The signal generated 
from the extract of cancer cell lines expressing the ADAM33 gene was 
similar to that found in other studies [12]. ADAM33 transcripts can 

Figure 2: Immunodetection of ADAM33 (top) and constitutive β-Actin (be-
low) in breast tumor cell lines by Western blot. 1) MDA-MB-231 2) MCF7 3) 
PMC42. MW corresponding the Molecular weight marker. This result is the 
representative of four experiments. 

Figure 3: Immunohistochemical assay with the polyclonal antibody anti-
ADAM33. Ductal samples were composed of cells with marked atypia, hy-
perchromatic nuclei and coarse chromatin, ample cytoplasm and indistinct 
boundaries. A) IDC negative control, B) IDC anti–ADAM33: cytoplasmic and 
weak membrane signal positivity for antibody evidenced by the brown color 
of these structures. For lobular samples we observed atypical neoplastic cells 
arranged in solid aggregates or in a single row, and a little desmoplastic ma-
trix, interspersed in the neoplastic lobules. C) ILC negative control, D) ILC 
anti–ADAM33: poor response to polyclonal anti-ADAM33 antibody showing 
the region with invasive lobular cancer cells in a single row (arrow), * Invasive 
lobular cancer cells in aggregates, 200 X.

Variables N ADAM33 IHC p ADAM33 p
Neg Pos U M

ADAM33 IHC
Positive 39 - -

-
29 10

0.0004
Negative 7 - - 0 7

Histologicaltype
IDC 38 0 38

<0.0001
25 11

0.0765
ILC 11 7 4 4 7

Neg: negative; pos: positive; U: unmethylated; M: methylated
Table 1: Clinicopathological features of the 49 patients with primary breast 
carcinomas according to ADAM33 gene methylation and immuhistochemical 
status.
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be alternatively spliced, giving rise to a number of protein isoforms of 
varying molecular masses [11,12,19]. 

The immunohistochemistry assay was done using a tissue 
microarray of breast tumors comprising 38 ductal and 11 lobular 
tumors. The IDCs samples that were positive to IHC presented a brown 
colour observed in the cytoplasm and membrane which was absent in 
the desmoplasic region, indicating that the immunolocalization of the 
antibody was also specific. The weak signal from the membrane in all the 
samples may be indicative of the observations made by Garlisi et al. [11] 
which showed that only 10% of the protein part produced is directed to 
the extracellular membrane. The IDCs staining was in agreement with 
our previous finding, showing that the ADAM33 promoter is mostly 
unmethylated in IDCs [13]. However, 11 out of 38 samples were positive 
for the ADAM33 protein and presented promoter hypermethylation 
(Table 1). This result could be explained by the epigenetic mechanisms, 
such as gene silencing involved in short DNA methylation and histone 
tail modifications. Therefore, it is possible that a necessary repressive 
histone mark was erased in these tumor samples. Another possibility 
involves a mono allelic hypermethylation not studied yet in this gene 
promoter region [20]. This result reinforces the importance of the use 
of this protein as a biomarker more than the molecular signalization 
obtained from DNA methylation at least for the ADAM33 gene.

The methylation status of the ADAM33 promoter visualized before 
by us [13] corroborates with the absence of staining of ADAM33 in the 
ILC tumor samples, since some samples had no promoter methylation 
(p=0.0004).This result could indicate that other mechanisms not 
involving DNA methylation are silencing ADAM33 in these tumor 
samples.

Using the ADAM33 polyclonal antibody in immunohistochemistry 
made possible to one more time confirm the difference between IDC and 
ILC, since IDC was always positive for this reaction and ILC was usually 
weak or completely negative. These results corroborate the hypothesis 
that the ADAM33 protein could be used as a molecular biomarker for 
breast cancer and, more specifically, to differentiate both breast cancer 
types, since these results were statistically significant (p=0.0001). This is 
the first study proposing the use of the ADAM33 protein as a molecular 
marker by immunohistochemistry to differentiate the two main types 
of breast cancer. In addition, these novel polyclonal anti-ADAM33 
antibodies may be useful in further studies to evaluate the function of 
ADAM33 in normal physiological states, different types of cancer and 
other diseases.
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