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A b s t r a c t

Introduction: ADAM33 protein is a member of the family of transmembrane 
glycoproteins composed of multidomains. Members of the ADAM family 
have different activities, such as proteolysis and adhesion, making them 
good candidates to mediate the extracellular matrix remodeling and chang-
es in cellular adhesion that characterize certain pathologies and cancer de-
velopment.
Material and methods: The immunohistochemical method was used to ex-
amine the immunoexpression of ADAM33 in 39 formalin-fixed, paraffin-em-
bedded tissue specimens of sinonasal inverted papillomas (IP), 44 laryngeal 
squamous cell carcinomas (GI grade = 11, GII grade = 33) and 14 disease-free 
tissue specimens as a control.
Results: The immunoexpression of ADAM33 was localized in the epitheli-
al cells, mesenchymal cells of the vessels and infrequently in the stromal 
cells. The majority of the ADAM33 was localized intracellularly, although 
membrane immunoexpression was also noted. All epithelial and vascular 
staining scores were found to be significantly increased in GI and GII grades 
of laryngeal cancer compared with controls (p < 0.001) and IP (p < 0.001). 
No statistically significant differences were found in immunoexpression of 
ADAM33 between GI and GII tumors. The immunoexpression of ADAM33 
was significantly higher in IP patients than in controls (p < 0.02).
Conclusions: Our findings suggest that ADAM33 could potentially contrib-
ute to tumorigenesis of the laryngeal and sinonasal region.
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Introduction

Head and neck squamous cell carcinomas (HNSCC) are the 6th most 
common cancers worldwide and are responsible for 350 000 deaths 
each year [1, 2]. The survival rate for laryngeal cancer has remained un-
changed for the past 30 years [3]. While incidence rates for cancer of 
the hypopharynx and larynx are decreasing, a significant increase in the 
number of cases of cancer of the oropharynx has been observed. The 
standard tumor-node-metastasis (TNM) staging system is argued to be 
inadequate in predicting the prognosis of this cancer [4]. Head and neck 
malignancies are characterized by a multiphasic and multifactorial etio-
pathogenesis. Smoking and alcohol consumption are the most common 
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risk factors for oral, oropharyngeal, and laryngeal 
carcinomas. 

Inverted papillomas are relatively rare epithe-
lial tumors which generate considerable interest 
because they have a high rate of recurrence and 
a tendency for malignant transformation. Inverted 
papilloma occurs in approximately 20% of cases 
associated with an invasive squamous cell carci-
noma of the sinonasal region [5, 6]. The nature 
and pathogenesis of inverted papilloma are still 
being debated. A  better understanding of the 
molecular events involved in malignant transfor-
mation may help to classify tumors and predict 
treatment responses.

The ADAMs (a  disintegrin and metalloprote-
ase) family of membrane-bound enzymes belong 
to a  large zinc-dependent superfamily called the 
metzincins and are found in mammals and in-
vertebrates [7, 8]. The ADAMs family consists of  
34 members (ADAM1-ADAM34). All ADAM mem-
bers are type 1 transmembrane zymogen glyco-
proteins that include 8 distinct domains, including 
a signal domain, a prodomain, a metalloprotein-
ase domain, a disintegrin or integrin-binding do-
main, a cysteine-rich region, an epidermal growth 
factor (EGF)-like domain, a  transmembrane se-
quence and an intracellular C-terminal end [9]. 
ADAMs are initially synthesized as enzymatically 
inactive precursor proteins. This inactive state is 
due to the interaction of a cystein residue in the 
prodomain with the zinc ion at the catalytic site. 
ADAMs have an active site in the metalloprotease 
domain, containing a  zinc-binding catalytic site, 
like matrix metalloproteinase members [10, 11]. 
Protease activity is the best-defined function of 
ADAMs, with most of the putative substrates cur-
rently identified being transmembrane proteins. 
For protease activation, the prodomain is removed 
by a furin-like convertase or by autocatalysis. Al-
though all ADAMs possess the metalloprotein-
ase domain, only about a  half exhibit protease 
activity. The protease function of several ADAM 
members has been determined experimentally, 
including ADAM8, 9, 10, 12, 15, 17, 19, 20, 21, 28, 
30, and 33. The disintegrin domain is found in all 
ADAMs. It binds to integrins, a group of adhesion 
proteins involved in cell adhesion, migration and 
cell signaling [12]. The function of the remaining 
domains, i.e., the cysteine-rich region, EGF-like 
sequence and cytoplasmic domain, remain to be 
determined. In some of the ADAMs, however, the 
cysteine region has been implicated in regulating 
protease activity and controlling substrate speci-
ficity [13].

Although ADAM molecules are known to be 
relatively long, it has recently become clear that 
mammalian ADAMs are involved in various biolog-
ical and disease-related processes. Studies have 

shown that some of these proteins participate in 
multiple physiological processes (e.g. cell adhe-
sion, cell migration, and the release of cell surface 
molecules such as cytokines and growth factors) 
[13–15], while others play a role in such complex 
events as smooth muscle development, fertiliza-
tion, neurogenesis and the immune response [16, 
17]. Moreover, some authors suggest that ADAMs 
may play a  role in the promotion of tumor inva-
sion and metastasis, via cleavage of extracellular 
matrix proteins or by direct modulation of tumor 
cell adhesion [9, 18].

ADAM33 has been linked with several respira-
tory and skin diseases and was especially impli-
cated in asthma and bronchial hyperresponsive-
ness, as well as the autoimmune skin disease 
psoriasis [19, 20]. A soluble form of ADAM33 has 
been identified in the bronchoalveolar lavage flu-
id (BALF) of asthmatic patients, and its levels in-
versely correlate with lung function [21]. ADAM33 
is selectively expressed in mesenchymal cells, and 
its metalloprotease activity has been linked to 
tissue remodeling. Moreover, ADAM-33 has been 
shown to promote angiogenesis, which is an im-
portant feature of carcinogenesis [22]. Although it 
has been reported that ADAM33 possesses cata-
lytic activity, its specific substrate and the role in 
tumorigenesis are still unknown.

The aim of our study was to evaluate the im-
munoexpression of ADAM33 in sinonasal inverted 
papillomas and squamous cells carcinomas of the 
larynx and to determine its correlation with histo-
logical grade.

Material and methods

Patients

Thirty-nine formalin-fixed, paraffin-embedded 
tissue specimens of sinonasal inverted papillomas 
(IP), 44 laryngeal squamous cell carcinomas (GI 
grade = 11, GII grade = 33) and 14 normal-looking 
tissue specimen (a margin of benign lesions) were 
retrieved from archival material (Chair of Patho-
morphology, Medical University of Lodz, Poland). 
The age range for sinonasal inverted papillomas 
was from 29 to 84 years (mean ± SD: 62.1 ±18.3) 
and for laryngeal cancer was from 47 to 83 years 
(61.4 ±9.8). 

Light microscopy 

Paraffin-embedded tissue sections taken from 
postoperative material were diagnosed using 
standard hematoxylin and eosin staining and 
the histological diagnoses were established ac-
cording to the current standards [23]. The main 
criteria of tissue selection were histopathological 
similarities within the group and localization of 
lesions. 
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Immunohistochemistry

Formalin-fixed, paraffin-embedded tissue sec-
tions were incubated at 56°C for 24 h and rested 
for 1 h in xylene and 15 min in graded alcohols 
for deparaffinization. Antigen retrieval was per-
formed by boiling in Target Retrieval Solution (TRS,  
Low pH, Dako, Denmark) for 30 min in a  micro-
wave oven (2 × 5 min at 360 W, 2 × 5 min at 180 W,  
2 × 5 min at 90 W). Endogenous peroxidase ac-
tivity was blocked by 0.3% hydrogen peroxide 
in methanol for 30 min, and then sections were 
rinsed with Tris-buffered saline (TBS, Dako, Den-
mark) and incubated for 1 h with polyclonal rabbit 
anti-ADAM33 antibody (Abcam; ab39193), con-
centration 2 µg/ml. After incubation with primary 
antibody, slides were washed with Tris-buffered 
saline. Afterwards EnVision+Systems-HRP (Dako, 
Denmark) prepared according to the instructions 
of the manufacturer were used. Colorimetric de-
tection was completed with a solution of 3,3’-di-
aminobenzidine (Dako, Denmark). After washing, 
the sections were counter-stained with hematox-
ylin and coverslipped with Histokit. 

For each sample a  negative control was pro-
cessed. Negative controls were carried out by in-
cubation in the absence of the primary antibody 
and always yielded negative results.

The slides were examined and the level of im-
munoreactivity assessed. Assessment of ADAM33 
staining was performed by two pathologists who 
were blinded to patient outcome. ADAM33 im-
munoexpression within areas of laryngeal squa-
mous cell carcinoma was compared with that in 
the surrounding normal, healthy tissue, and the 
staining intensity was graded as: 0  =  negative; 
1+  = weak; 2+  = moderate; and 3+  = strong. 
The intensity of immunostaining in the epithe-
lial cells, endothelial and smooth muscle cells of 
the capillaries and interstitial inflammatory infil-
trates and fibroblasts was compared with that in 
normal laryngeal tissue.

Statistical analysis

Differences between groups were tested using 
unpaired Student’s t-test preceded by evaluation 
of normality and Levene’s test. The Mann-Whit-
ney U  test was used where appropriate. Results 
were considered statistically significant if p < 0.05.

Results

The immunoexpression of ADAM33 was local-
ized in the epithelial cells, in the endothelial and 
smooth muscle cells of the capillaries in stromal 
tissue surrounding neoplastic cells (Figure 1), and 
infrequently in the stromal cells (Figure 2). In all 
examined cases, ADAM33 was expressed in in-
filtrating inflammatory cells (Figure 3). Our study 
revealed that the majority of the ADAM33 was lo-
calized intracellularly although membrane immu-
noexpression was also noted.

The results of a semiquantitative evaluation of 
ADAM33 protein immunoexpression are present-
ed in Table I. All epithelial and vascular staining 
scores were found to be significantly increased in 

Figure 1. Immunoexpression of ADAM33 in endo-
thelial cells and smooth muscle cells of stromal 
capillaries from patient with GI cancer. Immunohis-
tochemistry. Magn. 200×

Figure 3. Cytoplasmic immunoexpression of ADAM33 
in stromal inflammatory infiltrates from patient with 
GII cancer. Immunohistochemistry. Magn. 200×

Figure 2. Immunoexpression of ADAM33 in stromal 
fibroblasts from patient with inverted papilloma. 
Immunohistochemistry. Magn. 200×

http://www.diki.pl/slownik-angielskiego/?q=infrequently
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GI and GII grades of laryngeal cancer (Figures 4, 5) 
compared with controls (p < 0.001) (Figure 6) and 
IP (p < 0.001). No statistically significant differenc-
es were found in immunoexpression of ADAM33 
between GI and GII tumors.

The immunoexpression of ADAM33 was signifi-
cantly increased in sinonasal IP patients (Figure 7) 
as compared to controls (p < 0.02).

The immunoexpression of ADAM33 in inter-
stitial infiltrates and interstitial fibroblasts was 
sometimes hard to distinguish and these cells 
were evaluated together.

The immunoexpression of ADAM33 in infiltrat-
ing inflammatory cells and interstitial fibroblasts 
was significantly increased in GI and GII grades of 
laryngeal cancer and IP patients as compared to 
controls (p < 0.001). However, no statistically signif-
icant differences were found in immunoexpression 
of ADAM33 between infiltrating inflammatory cells 
and interstitial fibroblasts in the studied tumors. 

Discussion
Many studies have shown that members of the 

ADAM family play a role in fundamental biological 

Table I. Semiquantitative data of ADAM33 immunoexpression in inverted papillomas, carcinomas and controls

Variables Controls
(n = 14)

Inverted  
papilloma
 (n = 39)

Carcinoma GI
(n = 11)

Carcinoma GII
(n = 33)

P-value

ADAM-33
(epithelium)

0.9 ±0.11 0.45 ±0.5 1.26 ±0.69 1.42 ±0.74 < 0.021, < 0.0012, < 0.0013,
< 0.0014, < 0.0015, = 0.536 (NS)

DAM-33
(vessels)

0.14 ±0.15 0.50 ±0.52 1.37 ±0.73 1.40 ±0.72 < 0.021, < 0.0012, < 0.0013,
< 0.0014, < 0.0015, = 0.536 (NS)

ADAM-33
(inflammatory  
and stromal cells)

0.17 ±0.13 0.67 ±0.42 0.86 ±0.52 0.82 ±0.32 < 0.0011, < 0.0012, < 0.0013,  
= 0.21 (NS)4, = 0.09 (NS)5,  

= 0.76 (NS)6

Data are expressed as mean score ± standard deviation. 1Between controls and inverted papillomas. 2Between controls and carcinomas GI. 
3Between controls and carcinomas GII. 4Between inverted papillomas and carcinomas GI. 5Between inverted papillomas and carcinomas 
GII. 6Between carcinomas GI and carcinomas GII.

Figure 4. A – Squamous cell carcinoma GI. H + E. Magn. 100×. B – Immunoexpression of ADAM33 in squamous cell 
carcinoma GI of the larynx. Immunohistochemistry. Magn. 400×

A B

Figure 5. A – Squamous cell carcinoma GII. H + E. Magn. 100×. B – Immunoexpression of ADAM33 in squamous cell 
carcinoma GII of the larynx. Immunohistochemistry. Magn. 400×

A B
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processes ranging from cellular adhesion and mi-
gration to membrane protein shedding and prote-
olysis. ADAMs activity seems to be related to the 
control of several signaling pathways activated 
in cancer. For this reason, it is not surprising that 
deregulated expression of ADAM family members 
has been reported in human tumors [24]. Among 
ADAM family members, we focused on the newly 
discovered ADAM family member ADAM33. Al-
though ADAM33 has been linked with tissue re-
modeling in lung diseases, its role in tumorigene-
sis is still largely unknown.

To our knowledge, studies concerning immuno-
expression of ADAM33 in cancer are sparse. Our 
study revealed significantly increased immunoex-
pression of ADAM33 in laryngeal cancer compared 
with controls and IP. Moreover, the immunoex-
pression of ADAM33 was significantly increased in 
sinonasal IP in comparison with the control group. 
Our study did not reveal statistically significant 
differences in immunoexpression of ADAM33 be-
tween GI and GII tumors.

The association of ADAM33 with cancer has 
been studied so far in gastric, breast and laryngeal 
carcinomas [25–27]. Kim et al. [25] reported that 
ADAM33 plays an important role in gastric cancer 
pathogenesis by increasing IL-18 secretion, result-

ing in higher rates of proliferation and migration. 
Similar to our results, Topal et al. [27] observed 
significantly increased immunoexpression of 
ADAM33 in laryngeal cancer tissue, suggesting an 
important role of ADAM33 in pathogenesis of this 
cancer. Inconsistently, Seniski et al. [26] found that 
the ADAM33 gene is down-regulated by selective 
DNA hypermethylation in breast cancer.

The expression of ADAM33 was first observed 
in cells of mesenchymal origin, especially fibro-
blasts [20, 28]. Our results seem to be consis-
tent with those findings. The immunoexpression 
of ADAM33 was predominantly localized in the 
vessel and stromal mesenchymal cells. In asthma 
and chronic obstructive pulmonary disease Puxed-
du et al. [22] found that ADAM33 was selectively 
expressed in mesenchymal cells, and its metallo-
protease activity has been linked to tissue remod-
eling and angiogenesis, the latter an essential fea-
ture of carcinogenesis. The stronger mesenchymal 
cell immunoexpression of ADAM33 in cancer and 
IP found in our study may support its possible in-
volvement in the remodeling process.

In the normal human lung, Dijkstra et al. [28] 
showed strong expression of ADAM33 in vascular 
endothelial cells, whereas other ADAM proteins 
were more weakly expressed. Our study revealed 

Figure 6. A – Control. H + E. Magn. 100×. B – Immunoexpression of ADAM33 in control case. Immunohistochemistry. 
Magn. 400×

A B

Figure 7. A – Sinonasal inverted papilloma. H + E. Magn. 100×. B – Immunoexpression of ADAM33 in sinonasal 
inverted papilloma. Immunohistochemistry. Magn. 400×

A B
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the immunoexpression of ADAM33 in vessels in all 
tested groups. We observed significantly increased 
immunoexpression of ADAM33 in cancer tissue 
vessels, compared with IP and controls. Similarly 
to our results, Topal et al. [27] also observed sig-
nificant overexpression of ADAM33 in the vessels 
of laryngeal cancer. Puxeddu et al. [22] reported 
that the purified catalytic domain of ADAM33 may 
cause rapid induction of endothelial cell differenti-
ation in vitro, and neovascularization ex vivo and in 
vivo. Based on current knowledge, it can be specu-
lated that the distribution of ADAM33 may reflect 
their presumptive role in adhesion and extravasa-
tion and possibly activation of inflammatory cells. 
Moreover, the overexpression of ADAM33 in the 
vessel cells of laryngeal cancer may be associated 
with the angiogenic effects of this protein, possibly 
involved in tumor development and metastasis. 

In conclusion, the present study revealed over-
expression of ADAM33 in laryngeal cancer and 
in sinonasal IP. These findings may suggest that 
ADAM33 could potentially contribute to tumor-
igenesis of the laryngeal and sinonasal region. 
However, further studies are needed to better 
understand the molecular basis and the role of 
ADAM33 in HNSCC tumorigenesis.
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