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Abstract 

objective: 
Cathepsin D is a lysosomal acid protease 

secreted in increased levels in several 
malignancies. However, its role in salivary 
gland tumors has not been studied extensively. 
The present study aims to assess the expression 
of Cathepsin D in malignant salivary gland 
tumors and to compare its expression in these 
tumors.

Study design:
 A total of 30 cases of malignant salivary 

gland carcinomas which included 16 cases 
of adenoid cystic carcinoma (ACC), 9 cases 
of mucoepidermoid carcinoma (MEC), 
and 5 cases of polymorphous low grade 
adenocarcinoma (PLGA) were evaluated 
immunohistochemically using anti-Cathepsin 
D antibody.

 Introduction
Carcinogenesis is a multistage process 

resulting in uncontrolled growth and 
differentiation in cells and tissues which undergo 
various changes at the genetic level to establish 
a malignant phenotype. These changes include 
self-sufficiency in growth signals, insensitivity 
to growth inhibitors, evasion of apoptosis, 
angiogenesis, and most importantly the ability 
to invade and metastasize. Metastasis forms 
the basis for the fatality, poor prognosis and 
difficulty in management of cancer in general. 

Result: 
All the cases showed positivity (100%) for 

Cathepsin D with intense expression noted 
in ACC and MEC as compared to PLGA. 
Comparison of these tumors revealed statistical 
significant difference in expression between 
ACC and PLGA.

Conclusion: 
Intense expression of Cathepsin D in high 

grade carcinomas may be a marker for invasive 
potential and aggressive behavior.
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It is a complex sequential cascade controlled 
by various proteases like endopeptidases, 
collagenases, matrixmetalloproteinases and 
cathepsins.(1, 2)

Cathepsins, named in 1929 by Willstatter 
and Baumann is derived from the Greek word 
Kathepsins meaning “to digest”. They are large 
classes of lysosomal proteases involved in 
protein catabolism among which cathepsin D 
has been studied extensively.(3, 4) It is a lysosomal 
acid protease secreted in small amounts in normal 
cells and increased levels have been reported in 
several malignancies.(5) Cathepsin D is known 
to exist in 3 forms. It is secreted as a 52 kD 
precursor, which is processed in the lysosomes to 
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intermediate active enzyme (48kD) and mature 
form (34kD).(6) It is active in acidic pH and acts 
directly by digesting the extracellular matrix or 
indirectly by initiating the proteolytic cascade 
that is responsible for breakdown of basement 
membrane.(5, 6) It also appears to be mitogenic by 
releasing certain growth factors and activating 
several growth factor receptors.(7) Recently, a 
pro-angiogenic role has also been suggested.(7)

Its over expression has been seen in breast 
cancer,(8,9)   prostate carcinoma,(10) colorectal 
carcinoma,(11,12) soft tissue sarcomas,(13)  lung 
adenocarcinoma,(14) laryngeal cancers,(15) thyroid 
carcinoma,(16,17) oral squamous cell carcinoma,(18)  
and has been correlated to poor histologic 
grade,(18) advanced stage,(8)  tumor size,(15)  lymph 
node metastasis,(9)  high proliferation rate,(18) 

tumor invasion,(13) poor prognosis,(13) and shorter 
disease free survival(18)  in various studies. 
Thus, Cathepsin D has been suggested to be an 
important marker of prognosis and indicator for 
tumor invasion and metastatic potential.

However, there are only two studies in English 
language literature of Cathepsin D expression in 
salivary gland tumors with minimal information 
regarding its role in this category of human 
cancers.(20, 21)   Vigneswaran et al (21)  evaluated 
cathepsin D in selected benign and malignant 
salivary gland tumors while Barnes et al(20) 
studied its expression only in salivary duct 
carcinoma. The present study aims to assess the 
expression of Cathepsin D in malignant salivary 
gland tumors i.e. varying grades of adenoid 
cystic carcinoma (ACC), mucoepidermoid 
carcinoma (MEC) and polymorphous low grade 
adenocarcinoma (PLGA) which exhibit diverse 
behavior and also to compare its expression in 
these tumors. 

Materials and Methods
This laboratory based study involved the use 

of buffered formalin fixed, paraffin embedded 
tissues of histopathologically diagnosed 
cases of malignant epithelial salivary gland 
tumors retrieved from the department of Oral 
Pathology and Microbiology. A total of 30 
cases which included 16 cases of ACC, 9 cases 
of MEC and 5 cases of PLGA were evaluated 

Fig. 1: Intense Cathepsin D positivity in breast 
carcinoma and negative stain observed in negative 
control slide of adenoid cystic carcinoma (tubular 
variant) (x100)

immunohistochemically for Cathepsin D 
expression.  The cases of adenoid cystic carcinoma 
were further categorized into tubular (n=2), 
cribriform (n=8) and solid variants (n=6). The 
mucoepidermoid carcinomas included revealed 
varying proportions of mucous, epidermoid and 
intermediate cells and were graded as low(n=4), 
intermediate (n=1) and high grade (n=4). The 
cases of PLGA were arising in the palate (n=4) 
and lip (n=1) and were characteristically low 
grade as described in literature.

Immunohistochemistry: 2-3 serial section of 
5um thickness were made and taken on silanised 
slides. The sections were then deparaffinised, 
rehydrated through xylene and descending 
grades of alcohol. Antigen retrieval was carried 
out by heating in a pressure cooker in 10mM 
citrate buffer (pH-6.0) for 2x5min.The sections 
were then incubated after covering with 3% 
hydrogen peroxide for 15min to block the 
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Fig. 2: Cathepsin D expression in adenoid cystic carcinoma in cribriform pattern (A, 100x & B, 400x), tubules 
(100x) (C) and solid pattern of ACC (400x) (D)

peroxidase activity, following which incubation 
with primary anti Cathepsin D antibody (DAKO, 
Denmark) was carried out for 8 hours at  4 0 C 
using optimal dilution of 1:100.After further 
incubations with secondary Ab (45min) and 
Streptavidin peroxidase (30min), visualization 
was performed using freshly prepared DAB 
chromogen for 10min. The slides were then 
counterstained using Harri’s hematoxylin. For 
each batch of staining, a negative control where 
the primary antibody was replaced by negative 
control buffer and a positive control of breast 
carcinoma were used. Cytoplasmic staining was 
considered positive for Cathepsin D staining. 
The positive cases were further analyzed for 
the intensity of staining which were graded on 
a scale of 1-3 where 1 indicated mild staining, 
2 - moderate staining and 3 – intense staining 
according to Kandalaft et al.(9) Two other 
observers carried out all these observations in 
order to eliminate interobserver bias.

Results
Breast carcinoma which was used as positive 

controls exhibited Cathepsin D in the cytoplasm 
and negative controls did not show any stain. 
(Fig. 1). Focal expression was noted in the acinar 
and ductal cells of the normal salivary gland 
adjacent to the tumor tissue. All cases (100%) of 
salivary gland malignancies studied i.e. adenoid 
cystic carcinoma (16) (Fig. 2), mucoepidermoid 
carcinoma (9) (Fig. 3 A, B, C) and polymorphous 
low grade adenocarcinoma (5) (Fig. 3D) exhibited 
Cathepsin D positivity but varied in the intensity 
of staining. Table I summarizes the results and the 
grading of stain intensity. In 16 cases of adenoid 
cystic carcinoma, 56% demonstrated intense 
staining while moderate and mild staining was 
observed in 38% and 6% respectively. Regarding 
the grades, the tubular ACC depicted mild (1) to 
moderate staining (2) , moderate (6) to intense 
staining (2) was observed in cribriform variant 
while a predominant intense staining was seen 
with solid variant (n=6). Cathepsin D expression 
was intense in 34% cases of mucoepidermoid 
carcinoma while 44% were moderate and 22% 
exhibited mild positivity. The low grade MEC 
demonstrated mild (n=1) to moderate intensity(2), 
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Fig. 3: Muco-epidermoid carcinoma exhibiting positive Cathepsin D expression in clear cells, intermediate cells 
and epidermoid cells (A, B, C; 400x). D: Cathepsin D positivity in polymorphous low grade carcinoma (400x) 

Table 1 :Cathepsin D positive cases in different groups 
of carcinomas and their intensity grading
Abbreviations:
ACC-Adenoid cystic carcinoma
MEC-Mucoepidermoid carcinoma
PLGA- Polymorphous low grade adenocarcinoma

Table 2.:Statistical analysis using Mann Whitney U test 
in various groups of carcinomas
Abbreviations:
ACC-Adenoid Cystic Carcinoma        
MEC- Mucoepidermoid carcinoma  
PLGA- Polymorphous low grade adenocarcinoma

the intermediate grade exhibited moderate 
(n=1) expression while all the high grade MEC 
expressed cathepsin D Intensely (n=4). None 
of the PLGA cases stained intensely and out of 
5 cases, 80% (n=4) showed mild intensity and 
20% (n=1) displayed moderate intensity.

Statistical Analyses
Rank sum two sample Mann-Whitney U 

test was used for comparison and correlation 
between various salivary gland tumors studied. 

Statistical significance at p<0.05 was observed 
for Cathepsin D expression between staining 
intensity of ACC and PLGA. No statistical 
significance was observed in Cathepsin D 
expression between ACC and MEC and MEC 
and PLGA (Table 2).

Discussion
Cathepsin D is an aspartic endopeptidase 

active at an acidic pH and was first reported by 
Westely and Rochefort (1979) in breast cancer(4,11) 
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Its expression is induced by several growth 
factors like ILF, FGF etc. and it is considered 
to be mitogenic,(6) increases cell proliferation 
by activating growth factors or by interacting 
with growth factor receptors (EGFR, ILGF-
1). Recently, a role in inhibiting apoptosis and 
angiogenesis has also been considered.(6) Since it 
is known to accumulate in a greater proportion in 
malignant cells, Cathepsin D can facilitate tumor 
growth and metastasis by aiding in degradation 
of extracellular matrix, increased proliferation, 
tumor neovascularisation and activation of other 
growth factors and proteases (1,4,5,6,22,23)  

Salivary gland carcinomas which account 
for 5-7% of all head and neck cancers represent 
histologically most heterogeneous group of 
tumors. Malignant salivary gland tumors 
especially show greatest diversity in their 
cellular composition and morphological pattern. 
The frequency of the different histologies 
varies depending on whether the cancer arises 
in the major (parotid, submandibular) or minor 
(mucosal) glands, but overall, MEC, ACC, and 
adenocarcinoma together represent the majority 
of all salivary gland malignancies.(24)  The current 
diagnosis and classification of salivary gland 
carcinomas is mainly based on the neoplastic 
phenotype and architectural arrangement of 
neoplastic cells. Diagnostic difficulties are often 
encountered in differentiating certain malignant 
tumors like PLGA and ACC. (24) Furthermore, 
salivary gland carcinomas of various histologic 
types lack histomorphologic criteria by which 
local aggressive or metastatic behavior can be 
predicted. Since significant differences are noted 
among different histologic types of salivary gland 
carcinomas in their biologic behavior, use of an 
immunomarker that could predict this would aid 
in prognostic and therapeutic assessment.(25)

Studies of Cathepsin D in salivary gland 
tumors are limited.(20,21) The present study 
evaluated the expression of Cathepsin D in 
malignant salivary gland tumors like adenoid 
cystic carcinoma (16), mucoepidermoid carcinoma 
(9) and polymorphous low grade adenocarcinoma 
(5). The pattern and intensity of expression was 
almost uniform in all the staining batches, which 
composed of a positive control, a negative control 

and various malignant tumors, suggesting that 
the immunohistochemical procedure utilized 
is standardized and hence the results can be 
considered reliable 

Barnes L(20) studied Cathepsin D expression in 
salivary duct carcinoma (SDC) and showed 42% 
positivity. However, this is not comparable as 
SDC is not included in our study. Vigneswaran 
et al(21) studied Cathepsin D levels in benign and 
malignant salivary gland tumors and observed 
higher expression in carcinomas as compared to 
benign tumors. Among the malignant tumors in 
their study, adenoid cystic carcinoma (100%), 
mucoepidermoid carcinoma (100%), poorly 
differentiated adenocarcinoma NOS (100%) 
and carcinoma ex pleomorphic adenoma 
(100%) showed increased expression which was 
suggested to indicate poor prognosis. The PLGA 
and acinic cell carcinoma which are generally 
graded as low grade malignancies exhibited 
negativity in their study.  These findings 
are consistent with our study where intense 
expression was noted in ACC and MEC whereas 
predominantly mild expression was noted in 
PLGA. Levin et al also reported an intense (2+) 
expression of cathepsin D (100%) in 18 cases of 
ACC studied.(26) Furthermore, in our study the 
Cathepsin D expression seemed to correlate with 
the histologic grade. The cribriform and tubular 
variants of ACC demonstrated mild to moderate 
expression while the solid variant showed intense 
expression and low as well as intermediate grades 
of MEC showed mild expression in comparison 
to high grade tumors. This expression correlates 
well with the reported aggressive behavior of 
solid ACC and high grade MEC.  Additionally, 
though PLGA resemble ACC, they exhibit a very 
low proliferative index(27) and several molecular 
studies have demonstrated them to be a low 
grade malignancy as compared to ACC.(28, 29) In 
agreement to their behavior, they predominantly 
depicted a mild Cathepsin D expression.

Interestingly, in the comparison of staining 
intensities among the various tumors studied, 
a statistical significant difference was noted 
on comparison of adenoid cystic carcinoma 
and polymorphous low grade adenocarcinoma 
(PLGA). This is in accordance with the reports by 
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Vigneswaran et al,( 21) who also showed significant 
difference in cathepsin D expression in these two 
entities. This difference could be attributed to the 
increased expression noted in the cribriform and 
solid variants of ACC. However, comparison 
of intensity of Cathepsin D expression between 
ACC and MEC and MEC and PLGA showed 
no statistical significance. This could be due 
to inclusion of varying grades of these tumors. 
Survey of literature does not reveal any such 
comparison of Cathepsin D expression between 
the different groups of salivary gland tumors. 
The increased expression noted in high grade 
MEC and solid ACC may contribute to their 
aggressive behavior, which could be attributed 
to the proteolytic role of cathepsin D resulting 
in extracellular matrix degradation thus aiding in 
invasion and metastasis.  Additionally, cathepsin 
D is known to be mitogenic and activates certain 
oncogenes (ex. cmyc). It also stimulates growth 
factors with interaction with growth factor 
receptors like EGFR, IGFR etc. and stimulates 
angiogenesis.(6,7,12) This is corroborated by 
several studies demonstrating increased growth 

factors, oncogenes and angiogenesis in malignant 
salivary gland carcinomas.(30-33) Future studies 
with related growth factors, angiogenic markers 
and oncogenes along with Cathepsin D as well 
as inclusion of prolonged follow-up could reveal 
the true significance of Cathepsin D as a marker 
of aggressiveness and prognosis.

Conclusion 
Prominent up regulation of Cathepsin D was 

observed in all the malignant salivary gland 
tumors studied. The frequent intense expression 
observed in high grade malignancies in our study 
may suggests that Cathepsin D may be a marker 
for biologic aggressiveness in salivary gland 
malignancies. Assessment of Cathepsin D in 
salivary gland tumors may aid to identify patients 
with higher risk of developing metastasis. 
However, more studies and larger sample size, 
diverse tumors with adequate follow-up need to 
be undertaken to determine its true prognostic 
potential.

References

1.  Hart IR, Saini A. Biology of tumor metastasis. The 
Lancet, 1992; 339: 1453-57.

2.  Mareel MM, Bracke ME, Vanroy FM, Baetselier 
PD. Molecular mechanisms of cancer invasion. 
Encyclopedia of Cancer 1997; 2: 1072¬-1083

3.  Agarwal SK. Protease- Cathepsins- A view. Biochem 
Edu 1990; 182: 67-72

4.  Zaidi N, Maurer A, Nieke S, Kalbacher H. Cathepsin 
D: a cellular roadmap. Biochem Biophy Res Comm 
2008;376:5-9

5.  Zellinger R, Swoboda H, Machacek E, Nekahm D, 
Shutz G, Knogler W. Expression of Cathepsin D in 
the Head and neck Cancer. Eur J Cancer 1992; 28A 
:1413-15

6.  Coopman EL, Beaujouin MB, Derocq D, Garcia M, 
Lassis MG, Matha VL et al. Cathepsin D:  newly 
discovered functions of a long standing asparatic 
protease in cancer and apoptosis. Cancer Lett 2006; 
237:167-179

7.  Koblinski J E, Ahram M, Sloane B F, “Unravelling 
the role of proteases in cancer”. Clinica chimica Acta, 
2000; 291: 113-135.

8.  Castiglioni T, Maria MDJ, Merino, Elsnere B, 
Tamara L Lah, et.al. Immunohistochemical analysis 
of cathepsin D, B&L in human breast cancer. Human 
Pathol 1994; 25: 857-862.

9.  Kandalaft PL, Chang KL, Ahn CW, Treweek ST, 
Meheta P, Battifora H, Prognostic significance of 
immunohistochemical analysis of cathepsin D in low 
stage breast cancer. Cancer 1993; 71:2756-63

10.  Makar R, Hasan A, Kittelson JM, Bowden GT,Cress 
AE, Nagle RB. Immunohistochemical analysis of 
Cathepsin D in prostate Carcinoma. Mod Pathol, 
1994; 7: 747-51

11.  Talieri M, Papadopoulou S, Scorilas. A, Xyhopoulos 
D, Arnogianaki N, Plataniotis G, et.al, Cathepsin 
B &Cathepsin D expression in the progression of 
colorectal adenoma to carcinoma. Cancer Lett, 2004; 
205: 97-106

12.  TheodoroPoulos GE,Panoussopoulus D, Lazarus 
ACH, Golematis BCH, Evaluation of Cathepsin D 
immunostaining in Colorectal Adenocarcinoma. J 
Surg Oncol, 1997; 65: 242-248

13.  Reid WA, Valler MJ, Kay J. Immunolocalisation of 
Cathepsin D in normal and neoplastic human tissues. 
J Clin Pathol 1986; 39: 1323-1330



44

Cathepsin D In Salivary Gland Malignancy, Punnya.V.A, et. al.

14.  Higashyama M, Doi O, Kodama K,Yokoushi H, 
Kasugai T, Ishiguro S, Influence of Cathepsin D 
expression in lung adenocarcinoma on prognosis 
,possible importance of its expression in tumor cells 
and stromal cells and its intracellular polarization in 
tumor cells. J Surg Oncol 1997; 65: 10-19.

15.  Ferrandina G, Scambia G, Benedetti Panaci 
P,Almadori G, Palodetti G, Cadone G,et.al.Cathepsin 
D in primary squamous laryngeal tumors Correlation 
with clinico- pathological parameters and receptor 
status. Cancer Lett 1992; 67: 133-138

16.  Kraimps JL, Metaye T, Millet C, Margerett D, 
Ingrand D, Ggoujan JM,et.al. Cathepsin D in normal 
and neoplastic thyroid tissues. Surgery, 1995; 118: 
1036-1040.

17.  Métayé T, Millet C, Kraimps JL, Aubouin B, Barbier 
J, Bégon F. T.  Estrogen receptors and cathepsin D in 
human thyroid tissue. Cancer 1993; 72: 991-4

18.  Vigneswaran N, Zhao W, Dassanayake A,Muller 
S,Miller DM , Zacharias. Variable Expression of 
Cathepsin B and D correlate with highly invasive and 
Metastatic Phenotype of Oral cancer. Human Pathol 
2000; 31: 931-937.

19.  Rogers S, Day CA, Fox SB.Expression of cathepsin 
D and estrogen receptor in breast carcinoma. Human 
Pathol 1993; 24:148-151

20.  Barnes L, Rao UMA, Contis L, Krause J, Schwartz 
A, Scalamogna P, et.al Salivary duct carcinoma: Part 
II: Immunohistochemical evaluation of 13 cases for 
estrogen and progesterone receptors, Cathepsin D and 
C- erb-2 Protein. Oral Surg Oral Med Oral Pathol, 
1994; 78: 74-80

21.  Vigneswaran N, Muller S, Derose P, Cohen C. 
Cathepsin-D and tumor associated antigen DF3 in 
salivary gland neoplasia.Differential diagnostic and 
prognostic applications. Pathol Res Pract 1994; 190: 
1174-84.

22.  Liotta LA, Rao CN, Barsky SH. Tumor invasion and 
the extracellular matrix. Lab Invest, 1983; 49:636-
648

23.  Liotta LA, Stevenson WGS. Tumor invasion and 
metastasis: An imbalance of positive and negative 
regulation. Cancer Res 1991; 51: 5054-59

24.  Ellis GL, Auclair PL, Gnepp DR. Surgical Pathology 
of the salivary glands Phildelphia, Ist Ed, WB 
Saunders Company, ,Vol25. p-108-128

25.  Laurie SA, Licitra L. Systemic Therapy in the 
Palliative Management of Advanced Salivary Gland 
Cancers. J Clin Oncol 2006; 24:2673-8

26.  Levin RJ, Grenko RT, Welch DR, Kooten DV. Neural 
Cell Adhesion Molecule, Cathepsin D and p53 in 
Adenoid Cystic Carcinoma. Otolaryngol Head Neck 
Surg 1995, 113:80

27.  Assessment of proliferative activity using MIB1 
antibody helps to distinguish polymorphous low grade 
adenocarcinoma from adenoid cystic carcinoma of 
salivary glands. Pathol Res Pract 1997;193:695-703

28.  Beltran D, Faquin WC, Gallager G, August M. 
Selective immunohistochemical comparison of 
polymorphous low grade adenocarcinoma and 
adenoid cystic carcinoma. J Oral Maxillofac Surg 
2006;64:415-423

29.  Ferrazzo KL, Neto MM, dos Santos E, dos santos 
pinto D, de Sousa SOM. Differential expression 
of galectin-3, β-catenin and cyclin D1 in adenoid 
cystic carcinoma and polymorphous low grade 
adenocarcinoma. J Oral Pathol Med 2009;38:701-7

30.  Cardoso SV, Souza KC, Faria PR, Eisenberg AL, 
Dias FL, Loyola AM. Assessment of angiogenesis by 
CD105 antigen in epithelial salivary gland neoplasms 
with diverse metastatic behavior. BMC Cancer 
2009;4:391-5

31.  Prenen H, Kimpe M, Nuyts S. salivary gland 
carcinomas: molecular abnormalities as potential 
therapeutic targets. Curr Opin Oncol 2008;20:270-4

32.  Ito FA, Ito K, Coletta RD, Graner E, de 
Almeida OP, Lopes MA. Salivary gland tumors: 
immunohistochemical study of EGF, EGFR, ErbB-
2, FAS and Ki-67. Anal Quant Cytol Histol. 2009 
;3:280-7

33.  Elledge R. Current concepts in research related to 
oncogenes implicated in salivary gland tumorigenesis: 
a review of the literature. Oral Dis. 2009; 15:249-54. 


