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Expression of Different Keratins in Salivary Gland Tumours 
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Twenty-four salivary gland tumours (six pleomorphic adenomas, two myoepitheliomas, five basal 
cell adenomas, six adenoid cystic carcinomas and five polymorphous low grade adenocarcinomas) 
were investigated by an immunocytochemical technique using monoclonal antibodies against 
cytokeratins (CKs) 7, 8, 10, 13, 14, 18 and 19. The luminal cells of ductal structures of the tumours 
reacted with all the CKs studied except for CK 13 and CK 10 and sometimes CK 14, showing an 
immunoprofile comparable to that of the intercalated segment of a normal salivary gland. The outer 
cells of the ducts rarely stained with CK 14, confirming that full differentiation of the myoepithelial 
cells is seldom achieved in tumours. Considerations were made regarding the intriguing expression of 
CK 14, the heterogeneous expression of CKs in the modified myoepithelial cells and the immuno- 
profile of the polymorphous low-grade adenocarcinoma. 

Keywords: salivary gland, tumours, immunohistochemistry, cytokeratins 

Oral Oncol, Eur J Cancer, Vol. 32B, No. 1, pp. 1418, 1996. 

INTRODUCTION 
Since the advent of immunohistochemical techniques, several 
markers have been studied in normal salivary gland tissue and 
in salivary gland turnouts. 

The most contributory studies have been on S-100 protein, 
glial fibrillary acidic protein (GFAP), myosin, desmin and 

vimentin [l-12]. The detection of the muscle-specific actin in 
both normal and tumoral myoepithelial cells [ 13-171 and the 
co-expression of intermediate filament proteins in modified 

tumoral myoepithelial cells [5, 18-201 have been particularly 

useful. 
More recently, a series of monoclonal antibodies (mAbs) 

have become available against the subclasses of cytokeratins 
(CKs). Studies have shown the presence of CK 14 in normal 
salivary myoepithelial cells and in basal cells of excretory ducts 
[2 l-241 ; the presence of CKs 13 and 16 in the basal excretory 

duct cells [21, 23, 25, 261, the presence of CK 19 in luminal 
ductal cells and in myoepithelial cells [2 1,251; the presence of 
CK 18 in normal acinic cells and in acinic cell carcinoma [25, 
27, 281; and a variability of CK subtype expression in the 
modified myoepithelial cells of pleomorphic adenoma [2 11. 

Although such studies have demonstrated that the immuno- 
staining expression in salivary gland neoplasms is complex [6, 
25,261 these studies seem to indicate that different neoplasms 
can be distinguished on the basis of their immunoprofile [29]. 

We have, therefore, compared the CK’s immunoprofile in a 
group of salivary tumours presumed to arise from the 
intercalated duct reserve cells [30, 311. 
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MATERIALS AND METHODS 
Twenty-four salivary gland tumours were studied. The 

material consisted of six pleomorphic adenomas, two myo- 
epitheliomas, five basal cell adenomas, five polymorphous low 

grade adenocarcinomas and six adenoid cystic carcinomas (two 
tubular type and four cribriform type). All histological 

material from the tumours was reviewed to confirm the 
accuracy of diagnosis. 

Formalin-fixed tissue sections (3 pm) were used for 
immunohistochemical staining. Paraffin sections were treated 
after deparaffinisation three times for 5 min at 700 W in citric 

acid 10 mM, pH 6.0, in a microwave oven (modified method 
according to Shi et al. [32] and Gerdes er al. [33]). 

Two of the tumours-one pleomorphic adenoma and one 

myoepithelioma-were also fixed in a modified methacarn 
fixative (60”,, methanol, 30”,, chloroform, lo”,, glacial acetic 
acid) to serve as a control for the material submitted to the 

microwave oven. 
The antibodies used in this study were numbered according 

to Mall et al. [34], and their source, concentration and time of 
incubation are listed in Table 1. 

After incubation with the primary antibody the sections 
were thoroughly washed and exposed to secondary antibodies 
and, after further washing, exposed to strepto-avidin complex. 
Diaminobenzidine was used as the chromogen followed by 
0.5”,, copper sulphate and finally counterstained with Mayer’s 
haematoxylin. Positive controls for each CK, as indicated by 
the supplier, were used. Negative controls were incubated in 
buffer without primary antibodies. 

Normal major and minor salivary glands included in the 
specimens were also studied. 
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Table 1. cytokeratins used 

Concentration Incubation time (min) 

CK 7* 1:lO 60 

CK 8* 1:lOO 30 

CK lO* 1:lO 30 

CK 13* 1:80 120 

CK 14* 1:40 30 

CK 18* 1:700 30 

CK 19t 1:75 60 

*Supplier: Biogenex Lab., San Ramon, California, U.S.A. 

TSupplier: Dako A/S, Glosrrup, Denmark. 

RESULTS 
Using the microwave, the results of the formalin-fixed and 

paraffin-embedded histological material were comparable to 
the results obtained with the alcohol-fixed tissue, although a 
little improvement of the staining was achieved with the latter. 

The reactivity pattern of the normal glands included in the 
specimens are shown in Table 2. The results for the tumour 
material were as follows. 

Pleomorphic adenoma (six cases) 

All tumours included in this study presented ductal 
structures and were predominantly cellular with hyaline or 
myxoid components. Luminal cells of the ductal structures 
reacted with all the CKs studied except for CK 13 and CK 10 
and sometimes CK 14. The outer cells of the ducts stained 
with CK 14. Plasmacytoid or hyaline cells stained with all the 
CKs tested except for CK 10. The staining was not uniform; 
some groups of cells reacted while others did not. Polygonal 
cells were reactive only with CK 14. In the epidermoid islets, 
the central areas reacted with CK 10 and the peripheral areas 
with CK 14 (Figs l-3). 

Myoepithelioma (two cases) 

The tumours were composed of blocks of plasmacytoid or 
hyaline cells, The staining observed was not uniform. The 
cells reacted with CK 7, CK 8, CK 18 and CK 19, and rarely 
with CK 13 and CK 14. 

Basal cell adenoma (jive cases) 

Two tumours were predominantly solid (monomorphic 
type), with a few tubular and trabecular structures, one 

tumour was tubulo-trabecular, and two were tubular (one with 
well-differentiated ducts and a great amount of secretion in 
the ducts). In the non-tubular areas, some cells stained with 
CK 8, CK 18, CK 14 and CK 19. This staining was also seen 
in ductiform structures with one cell layer. In ductal structures 
with two cell layers, the luminal cells were positive for all the 
CKs except CK 13 and CK 10. The outer cells of the tubular 
structures did not stain for CKs. The structures with two cell 
layers in the tubular and trabeculo-tubular types, exhibited 
the same pattern as mentioned for the ductal structures, except 
in the case of the mucous-producing tumour in which the outer 
cells reacted with CK 14 whereas the luminal cells did not 
react with this CK (Figs 4 and 5). 

Polymorphous low-grade adenocarcinomas (jive cases) 

Almost all cells stained for CK 8 and CK 18. The staining 
appeared as a thin ring around the nucleus (Fig. 6). 

Adenoid-cystic carcinoma 

Tubular type (two cases). The luminal cells stained for all the 
CKs except for CK 10 and CK 13. The staining for CKs 7,8 
and 18 was slight and the outer cells did not stain. 

Cribrijorm type (four cases). The luminal cells stained for 
CK 7, CK 8, CK 14, CK 18, and CK 19. The cells lining the 
pseudocyst and the outer cells of the cylinders did not stain for 
CKs (Figs 7 and 8). 

DISCUSSION 
The results obtained in normal salivary glands included in 

the specimens showed staining patterns as described by others. 
CK 14 has been identified in myoepithelial cells and in the 
basal cells of excretory ducts [21-241. Luminal cells reacted 
variously with anti-keratin mAbs. In our study CK 13 was 
detected only in excretory ducts and CK 10 was not found in 
normal gland structures. 

In tumours, our results have shown that luminal cells of the 
ductal structures with two cell layers react with all the CKs 
studied except CK 13 and CK 10. These results are compar- 
able to those found in the intercalated segment of the normal 
salivary gland. The outer cells of the ductal structures usually 
did not stain with CKs except in very well-formed ducts with 

Table 2. Staining patterns of cytokeratins in normal salivary glands 

Cell type 

Luminal Acinar 

Cytokeratin Excretory duct Intercalated duct Basal Myoepithelial Serous Mucous 

CK7 ++ +++ _ _ _ 

CK8 + ++ _ _ ++ ++ 
CK 10 _ _ _ _ _ _ 

CK 13 + _ _ _ _ _ 

CK 14 +* +I- ++ ++ 
CK 18 +** + _ _ ++ + 
CK 19 ++ ++ ++ +*** _ _ 

no staining; +, weak; + +, moderate, + + +, strong staining. 

T’one cell layer duct; l 4 negative in the distal segment; l + + only in one minor salivary gland. 
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Figs 1-3. Pleomorphic adenoma. Fig. 1. Expression of CK 14 in the outer cells of ducts and in peripheral cells of the epidermoid 
islets. The luminal cells show variable staining, x 125. Fig. 2. Expression of CK 18 in luminal cells, x 400. Fig. 3. Expression of 
CK 14 in some plasmacytoid cells. Observe groups of non-stained modified myoepithelial cells, x 250. Figs 4 and 5. Basal cell 
adenoma. Fig. 4. Tubular type. Expression of CK 14 in the outer cells of ducts, x 250. Fig. 5. Tubulo-trabecular type. Expression 

of CK 8, x 400. 

mucous production, as seen in certain areas of the pleomorphic 
adenomas and in one basal cell adenoma of the tubular type. In 
these cases, rhe outer cells stain exclusively with CK 14, as 
seen in normal myoepithelial cells. This fact suggests that 
complete myoepithelial differentiation may be correlated with 
secretory and excretory functions. Actually, as shown by our 
results, the presence of the intermediate filament CK 14 in 
salivary gland tumours was intriguing: it was found in luminal 

cells only, sometimes in both luminal and outer cells and rarely 
exclusively in the outer cells as mentioned above. 

In view of our results, some considerations must be made 
concerning the expression of CKs in modified myoepithelial 

cells of the pleomorphic adenoma and the myoepithelioma, as 
well as in the cells of the polymorphous low-grade adenocar- 
cinema and in some cells of the basal cell adenoma, monomor- 
phic type. 

Modified myoepithelial cells (plasmacytoid or hyaline cells) 
stained, although not uniformly, with all the CKs studied, 
including CK 13 which in normal glands is found only in the 
luminal cells of the excretory duct. Other studies have 
demonstrated considerable heterogeneity of keratin, vimentin, 
S-100 protein, desmin, and GFAP expression, as well as co- 
expression of these in the modified myoepithelial cells of 
pleomorphic adenomas. These facts are not surprising since 
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Fig. 6. Polymorphous low-grade adenocarcinoma. Expression of CK 8 in a great number of cells, x 250. Figs 7 and 8. Adenoid 
cystic carcinoma. Fig. 7. Tubular type. Expression of CK 14 in luminal cells, x 800. Fig. 8. Cribriform type. Expression of CK 7 in 

luminal cells, x 800. 

there is evidence from ultrastructural studies that myoepithe- 

lial cells eventually become separated, loosing cell-cell contact 
and the basal lamina enveloping, which disrupts causing the 

dispersal of cells into the extracellular space [35,36]. It is well 
established that cell-cell and cell-matrix interactions play an 

important role in biological events, such as tissue morphoge- 
nesis and cell differentiation. These facts may explain the 
diversity of phenotypes acquired by the modified myoepithe- 

ha1 cells and reinforce the concept that the morphology of 
pleomorphic adenomas is the result of diversity of tumour cell 
differentiation rather than the process implicit in a reserve cell 

histogenetic model [21]. For this reason pleomorphic adeno- 
mas and myoepitheliomas seem not to be the ideal models for 

the study of salivary gland tumour histogenesis, although the 
ductal structures show a CK immunoprofile comparable to the 

intercalated segment of the salivary duct system. 
The cells of polymorphous low-grade adenocarcinomas and 

basal cell adenomas (monomorphic type) in areas without two 
cell layer duct formation stained with CK 8 and CK 18. 
Gustafsson et al. [29] found all cells reacted with PKKl 

(CK 8, 18 and 19) in a monomorphic variant of basal cell 
adenomas. In basal cell adenomas of the monomorphic type 
and in polymorphous low-grade adenocarcinoma, ultra struc- 
tural studies have demonstrated a predominance of luminal 

cells resting on the basal lamina-a hybrid of myoepithelial 
and epithelial cells-called transitional cells [37-4-O]. There- 
fore, we can conclude that transitional or hybrid cells between 
the luminal and the myoepithelial cells stain with CK 8 and 
CK 18. 

Studies have suggested that the polymorphous low-grade 
adenocarcinoma and the basal cell adenoma are derived from 
pluripotential cells that can differentiate along two cell lines- 
myoepithelial and epithelial. The cell of origin would logically 
give rise to both myoepithelial and epithelial cells [41]. The 

present study has shown that differentiation towards the 

luminal cells is achieved only when there is a formation of two 
cell layer ductal structures and this may suggest that these 

tumours would not be composed exclusively of luminal or 
epithelial cells. 

Based on these results, we may conclude that the so-called 

basal cell adenoma in the WHO classification [42] corresponds 
to several tumours with different grades of differentiation- 

from those where transitional cells predominate to those where 
duct formation is advanced. 

Keeping these concerns in mind and the fact that the 

myoepithelial tumoral cell rarely achieves full differentiation, 

it seems to be possible to relate the CK immunoprofile of one 
tumour to a specific compartment of the salivary gland, 

contributing to the knowledge of the histogenesis of salivary 
gland tumours. 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Aratijo VC, Aratijo NS. Vimentin as a marker of myoepithelial 
cells in salivary gland rumors. Eur Archives Oto-Rhino-Laryngol 
1990, 247,252-255. 
Arabjo VC, Sousa SOM, Nunes FD, Aratijo NS. Immuno- 
histochemical analysis of 89 benign salivary gland tumors. Rev 
Odontol USP 1991, 5, l-b. 
Aratijo VC, Sousa SOM, Jaeger RG, Aratijo NS. Immuno- 
histochemical study of malignant salivary gland tumors. An 
analysis of 67 cases. Rev Odontol USP 1991, 5, 3742. 
Aratijo VC, Carvalho YR, Aratijo NS. Actin versus vimentin in 
myoepithelial cells of salivary gland tumors: a comparative study. 
Oral Surg Oral Med Oral Pathol 1994, 71, 387-391. 
Caselitz J, Osborn M, Seifert G, Weber K. Intermediate-sized 
filament proteins (prekeratin, vimentin, desmin) in the normal 
parotid gland and parotid gland tumors. Virchows Archives A 
Pathol Anat 1981, 393, 275286. 
Gustafsson H, Bergman F, Virtanen I, Thornell L-E. Myoepithe- 
lial cells in salivary gland neoplasms. APMIS 1989, 97, 49-55. 
Hara K, Ito M, Takeuchi J, Iijima S, Endo T, Hidaka H. 



18 V.C. de Araitjo and S.O.M. de Sousa 

Distribution of S-100b protein in normal salivary glands and 
salivary gland tumors. Virchows Archives A Pathol Anat 1983, 
401, 237-249. 

8. Mori M, Tsukitani K, Ninomiya T, Okada Y. Various ex- 
pressions of modified myoepithelial cells in salivary pleomorphic 
adenoma. Immunohistochemical studies. Pathol Res Practice 
1987, 182,632-646. 

9. Morinaga S, Nakajima T, Shimosato Y. Normal and neoplastic 
myoepitelial cells in salivary glands: an immunohistochemical 
study. Hum Pathol 1987, 18, 1218-1226. 

10. Nakasato Y, Yshida Y, Takahashi K, Susuki K. Immunohisto- 
chemical distribution of S-100 protein and glial fibrillary acidic 
protein in normal and neoplasic salivary glands. Virchows 
Archives A Pathol Anat 1985, 405, 299-310. 

11. Sato M, Hayashi Y, Yoshida H, Yanagawa T, Yura Y, Nitta T. 
Search for specific markers of neoplastic epithelial duct and 
myoepithelial cell lines established from human salivary gland 
and characterization of their growth in vitro. Cancer 1984, 54, 
2959-2961. 

12. Stead RH, Qizilbash AH, Kontozoglou T, Daya AD, Riddell RH. 
An immunohistochemical study of pleomorphic adenomas of the 
salivary gland: glial fibrillary acidic protein-like immuno- 
reactivity identifies a major myoepithelial component. Hum 
Path01 1988, 19, 32-40. 

13. Dardick I, Ostrynski VL, Ekem JK, Leung R, Burford-Mason 
AI’. Immunohistochemical and ultrastructural correlates of 
muscle-actin expression in pleomorphic adenomas and myoepith- 
eliomas based on comparison of formalin and methanol fixation. 
Virchows Archives A Pathol Anat Histopathol 1992,421,95-104. 

14. Gugliotta I’, Sapino A, Macri L, Skalli 0, Gabbiani G. Specific 
demonstration of myoepithelial cells by anti-alpha smooth muscle 
actin antibody. 3 Histochem Cytochenz 1988, 36, 659-663. 

15. Hirano T, Gluckman JL, deVries EJ. The expression of vascular 
smooth-muscle actin in salivary gland tumors. Archives Otolaryir- 
go1 Head Neck Surg 1990, 116, 692-696. 

16. Tsukada T, McNutt MA, Ross R, Gown AM. HHF35, a muscle 
actin-specific monoclonal antibody. Am 3 Pathol 1987, 127, 
389-402. 

17. Zarbo RJ, Bacchi CE, Gown AM. Muscle-specific protein 
expression in normal salivary glands and pleomorphic adenomas; 
an immunocytochemical study with biochemical confirmation. 
Mod Pathol 1991, 4, 621-626. 

18. Erlandson RA, Cardon-Cardo C, Higgins PJ. Histogenesis of 
benign pleomorphic adenoma (mixed tumor) of the major salivary 
glands. An ultrastructural and immunohistochemical study. An23 
Surg Pathol 1984, 8, 803-820. 

19. Mori M, Yamada K, Tanaka T, Okada Y. Multiple expression of 
kerarins, vimentin, and S-100 protein in pleomorphic salivary 
adenomas. Ifirchows Archives 3 Cell Fathol 1990, S&435-444. 

20. Shinohara H, Yamada K, Tanaka T, Meenaghan MA, Takai Y, 
Mori M. Coexpression of keratin and vimentin in salivary 
pleomorphic adenomas. 3 Oral Pathol Med 1989, 18, 133-139. 

21. Burns BF, Dardick I, Parks WR. Intermediate filament ex- 
pression in normal parotid glands and pleomorphic adenomas. 
Virchows Archives A Puthol Anat Histopathol1988,413,103-112. 

22. Dardick I, Ripstein I’, Skiming L, Boivin M, Parks WR, Dairkee 
SH. Immunohistochemistry and ultrastructure ofmyoepithelium 
and modified myoepithelium of the ducts ofhuman major salivary 
glands: histogenetic implications for salivary gland tumors. Oral 
Surg Oral Med Oral Pathot 1987,64, 703-7 15. 

23. Draeger A, Nathrath WBJ, Lane EB, Sundstrom BE, Stigbrand 
TI. Cytokeratins, smooth muscle actin and vimentin in human 
normal salivary gland and pleomorphic adenomas. Al’MIS 1991, 
99,405-415. 

24. Orito T, Shinohara H, Okada Y, Mori M. Heterogeneity of 

keratin expression in epithelial tumor cells of adenolymphoma in 
paraffin sections. fathol Res Practice 1989, 184, 600-608. 

25. Born IA, Schwechhimer K, Maier H, Otto HF. Cytokeratin 
expression in normal salivary glands and in cystadenolymphomas 
demonstrated by monoclonal antibodies against selective cytoker- 
atin polypeptides. Virchows Archive5 A 1987, 411, 585589. 

26. Geiger S, Geiger B, Leitner 0, Marshak G. Cytokeratin 
polypeptides expression in different epithelial elements of human 
salivary glands. Virchows Archives A 1987, 410, 403-414. 

27. Gustafsson H, Kjorell U, Eriksson A, Virtanen I, Thornell L-E. 
Distribution of intermediate filament proteins in developing and 
adult salivary glands in man. Anat Embryo1 1988, 178, 243-251. 

28. Gustafsson H, Virtanen I, Thornell L-E. Expression of cytokera- 
tin and vimentin in salivary gland carcinomas as revealed with 
monoclonal antibodies. Virchows Archives A Pathol Anat Histo- 

pathol 1988, 412, 515-524. 
29. Gustafsson H, Virtanen I, Thornell L-E. Glial fibrillary acidic 

protein and desmin in salivary neoplasms. Expression of four 
different types of intermediate filament proteins within the same 
cell type. Virchows Archives B Cell Pathol 1989, 57, 303-313. 

30. Eversole LR. Histogenetic classification of salivary tumors. 
Archives Pathol 197 1, 92, 433-443. 

31. Regezi JA, Batsakis JG. Histogenesis of salivary gland neoplasm. 
Otolaryngol Clin North Am 1977, 10, 297-307. 

32. Shi SR, Key ME, Kalra KL. Antigen retrieval in formalin-fixed, 
paraffin-embedded tissues: an enhancement method for immuno- 
histochemical staining based on microwave oven heating of tissue 
sections. 3 Histochem Cytochem 1991, 39, 741-748. 

33. Gerdes J, Becker MHG, Key G, Cattoret G. Immunohistological 
detection of tumour growth fraction (Ki-67 antigen) in formalin- 
fixed and routinely processed tissues. 3 Pathol 1992, 168, 85-87. 

34. Moll R, Franke WW, Schiller DL, Geiger B, Krepler R. The 
catalog of human cytokeratins: patterns of expression in normal 
epithelia, tumors and cultured cells. Cell 1982, 31, 1 l-24. 

35. Dardick I, Van Nostrand AWP, Jeans MTD, Rippstein I’, 
Edwards V. Pleomorphic adenoma: I. Ultrastructural organiza- 
tion of “epithelial” regions. Hum Pathol 1983, 14, 780-797. 

36. Lam RMY. An electron microscopic histochemical study of the 
histogenesis of major salivary gland pleomorphic adenoma. 
Ultrastructural Pathol 1985, 8, 207-223. 

37. Carvalho YR, Aratijo NS, Araujo VC, Sesso A. Polymorphous 
low-grade adenocarcinoma. An ultrastructural and immuno- 
histochemical study. Rev Odontol UNESP 1993, 22, 19-29. 

38. Dardick I, Kahn HJ, Van Nostrand Awl’, Baumal R. Salivary 
gland monomorphic adenoma. Am 3 Pathol 1984,115,334-341. 

39. Frierson HF Jr, Mills SE, Garland TA. Terminal duct carcinoma 
of minor salivary glands. A nonpapillary subtype of polymor- 
phous low-grade adenocarcinoma. Am 3 Clin Pathol 1985, 84, 
8-14. 

40. Norberg LE, Burford-Maison Al’, Dardick I. Cellular difl’eren- 
tiation and morphologic heterogeneity in polymorphous low- 
grade adenocarcinoma of minor salivary gland. 3 Oral Pathol Med 
1991,20,373-379. 

41. Regezi JA, Zarbo RJ, Stewart JCB, Courtney RM. Polymorphous 
low-grade adenocarcinoma of minor salivary gland. A compara- 
tive histologic and immunohistochemical study. Oral Surg Oral 
Med Oral Pathol 1991, 71,4769-4775. 

42. Seifert G. World Health Orgmization Histological Classification of 
Turnours. Histological Typing of Sa1ivar.y Gland Turnours, 2nd 
Edn. Berlin, Springer, 1991. 

Acknowledgement-This study was supported by grant no. 91/ 
5218-3 from the FundacHo de Amparo a Pesquisa do Estado de SHO 
Paula. 


