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Summary. Immunohistochemical distribution of carbonic anhydrase 
isoenzyme I and II was studied in mixed tumours of major salivary 
glands and skin. The normal salivary glands displayed strong carbonic 
anhydrase activity in both ductal epithelium and serous acinar cells and 
the serous demilune cells in the submandibular glands, including the 
eccrine ducts. Pleomorphic adenoma salivary gland origin exhibited posi- 
tive staining in the innerlayer of epithelial cells of tubular, duct-like 
and glandular structures. No enzymatic staining was noted in the outer 
layer of tumour cells in these structures. Spindle tumour cells or the 
fibroblast-like cells with long cytoplasmic processes identified in the adja- 
cent hyalin and myxomatous stroma were rarely positive, while chon- 
droidal and osteo-chondroidal cells were highly reactive. Mixed tumours 
of eccrine gland origin showed the most reactive staining cells scattered 
throughout neoplastic epithelium in all tissues examined. Immunohisto- 
chemical stainability was usually higher for carbonic anhydrase II than 
I for both normal and tumour tissues. The biological roles of the distribu- 
tion profiles of carbonic anhydrase are discussed. 
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Introduction 

The immunohistochemical identification of carbonic anhydrase isoenzymes 
I and II have been described for both salivary glands and other mammalian 
organs (Gay et al. 1974; Spicer et al. 1979; Kumplainen 1981 ; Kumplainen 
and Vaananen 1982; Spicer et al. 1982; Briggman etal. 1983; Hennigar 
et al. 1983), however their biological roles have not been clearly defined 
in salivary gland lesions. There are no studies on inflammatory or neoplastic 
conditions in salivary glands or for mixed tumours of skin origin. The 
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b iochemical  significance o f  carbonic  anhydrase  enzymes,  which are widely 
dis t r ibuted in m a m m a l i a n  organs  and  tissues, are well establ ished (Yoshi-  
m u r a  et al. 1958; Car te r  1972; Spicer et al. 1979; 1982). Recent ly  studies 
on the his tochemical  proper t ies  of  carbonic  anhydrase  in organs,  including 
the sal ivary glands, have  suggested a role in ei ther m e m b r a n e  t r anspor t  
or  mac romolec u l a r  secretion (Spicer et al. 1979; 1982; t t enn iga r  et al. 1983). 
In the sal ivary glands, the ductal  epi thel ium o f  str iated and  excre tory  ducts 
including the serous acinar  cells f r o m  acini and  demilune structures,  have  
demons t r a t ed  posi t ive reactivity for  carbonic  anhydrase  which also suppor t s  
a role in the secretion o f  b ica rbona te  ions and  mac romolecu l a r  mater ia ls  
(Spicer et al. 1979; 1982; Henn iga r  et al. 1983). 

The  present  immunoh i s tochemica l  s tudy describes the dis t r ibut ion o f  
carbonic  anhydrase  isoenzymes I and  I I  in sal ivary g land p l eomorph ic  ad- 
e n o m a  (mixed t u m o u r  o f  sal ivary glands) and  mixed tumours  o f  skin. 

Materials and methods 

Materials. A total 25 cases of pleomorphic adenoma of major salivary gland origin and 5 
cases of mixed tumours from eccrine glands of the skin were studied. The biepsies obtained 
were fixed in 10% neutral buffered formalin for 12 h, embedded in paraffin, and 4 gm sections 
cut for the immunohistochemically localization of carbonic anhydrase I and II. Sections were 
also stained by haematoxylin and eosin. Normal tissues adjacent to the salivary gland adenomas 
were obtained for comparison of effectiveness of fixation solutions. Stainability by CA-II 
was compared in formalin and Carnoy's fixed paraffin sections and non fixed cryostat sections 
in normal submandibular gland. 

Immunohistochemical methods. Deparaffinized and cryostat sections were immersed in 0.3% 
H202/methanol solution for 30 rain at 20°C to inactivate endogenous peroxidase. The sec 
tions were then rinsed with 0.1 M phosphate buffered saline (PBS, pH 7.4) and immersed 
in normal rabbit serum (1:20, Wheaton, USA) for 30 rain. They were immediately reacted 
with goat anti-human erythrocyte carbonic anhydrase (CA) I and II antiserum (1 : 100, Green 
Cross, Japan) for 1 h, rinsed with PBS, and reacted with rabbit anti-goat IgG antiserum 
(1:20, Cappel, USA) for 30 min. The sections were again rinsed with PBS and reacted with 
peroxidase-goat antiperoxidase complexes (PAP, 1:100, Cappel, USA) for 30 rain. All the 
above immunohistochemical procedures were done at 4 ° C. Finally, the sections were rinsed 
well and reacted with 0.05 M. Tris buffer containing 0.005% DAB and 0.003% H202 for 
10 min at 20 ° C. 

The control tissue sections were subjected to the same procedures as the fixed paraffin 
sections except for the replacement of goat anti-human erythrocyte CA with normal goat 
serum and goat anti-human CA-/ and II serum absorbed with purified human CA-I and 
II (Green cross, Japan), which produced negative results. 

Results 

In  general,  the immunoh i s tochemica l  dis t r ibut ions o f  carbonic  anhydrase  
I and  I I  were similar  for  each site studied with C A - I I  being m o r e  intense 
than  CA-I .  

Normal salivary glands 

Fixed paraffin sections. Both  pa ro t id  and  submand ibu la r  glands showed 
s t rong carbonic  anhydrase  I I  react ivi ty in ductal  epi thel ium and in serous 
cells o f  bo th  the acinar  and  demilune c o m p o n e n t s  with mode ra t e  or  less 
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Fig. 1 a, b. Carbonic anhydrase II activity in human parotid glands ( x 85). a Note the strong 
CA activity in striated duct and serous acinar cells, b A strong reactivity for CA is noted 
in striated and excretory ducts with moderate staining in serous acinar cells 

Table 1. CA I and II distribution in normal salivary gland and mixed tumours of salivary 
gland 

CA I CA II 

Normal salivary gland 
Duct cells 2-3 3 
Serous cells 2 3 
Mucous cells 0 0 
Demilune cells 1 2-3 

Mixed tumour 
Duct like cells 1-2 (inner layer) ~ 3  (inner layer) 
Adenoma type 1 2 
Clear cell type 0 - ±  _+-1 
Solid type 0 0 
Spindle shaped cells 1 2 1-3 
Chondroidal and 
Osteochondroidal tissues 1 ~  1-3 

0 : negative, _+ : trace, 1 : slight, 2: moderate, 3 : strong 

intense reactivity for CA-I in the same structures. It was also noted that 
mucous and myoepithelial cells were devoid of  enzyme staining (Figs. 1 a, b ; 
Table 3). 

Non f ixed cryostat sections. The submandibular glands showed strong CA-II 
reactivity in serous cells and demilunes of  acinar compartments. In contrast 
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Table 2. CA I and II distribution in normal eccrine and sebaceous gland an mixed tumours 
of skin 

CA I CA II 

Normal eccrine gland 
Duct cells 2 (inner layer) 3 (inner layer) 
Secretory coil 0-2 1~3 

Sebaceous gland 
Duct cells 1-2 3 

Mixed tumours 
Duct-like cells 2 (inner layer) 3 (inner layer) 
Squamous-shaped cells _+-2 _+-3 

0: negative, _+ : trace, 1 : slight, 2 : moderate, 3 : strong 

Table 3. Distribution of fixed paraffin and 
nonfixed frozen sections on CA-II in normal 
submandibnlar glands 

Non fixed Fixed 

Serous cells 2-3 2 
Mucous cells 0 0 
Ducts cells 0-_+ 2-3 

0 : negative, _+ : trace, 1 : slight, 3 : strong 

with reactivity o f  serous cells, the striated and excretory ducts gave f rom 
negative to trace (Table 3). 

Normal eccrine and sebaceous glands 

The coiled, secretory eccrine sweat glands consisted of  bo th  CA positive 
and negative cells. The  innerlayer  of  the eccrine sweat ducts was strongly 
positive, while the outer layer  cells were only slightly reactive. 

Examina t ion  of  the immunohis tochemical  features o f  CA in sebaceous 
gland components  showed the outer- layered cuboidal  cells o f  the sebaceous 
ducts to be strongly positive. It  was also no ted  that  the centrally located 
adult  sebaceous cells were negative while the peripherally located basal cells 
surrounding the aggregated sebaceous componen t  were modera te ly  reactive 
(Table 2). 

Pleomorphic adenoma of salivary glands 

The most  c o m m o n  type o f  salivary p leomorphic  adenoma  consisted of  tubu-  
lar, duct-like and glandular  structures which were usually composed  o f  two 
or multiple layered cellular arrangements .  Most  of  the tubular  and duct- 
like structures demons t ra ted  a positive staining react ion to carbonic  anhyd-  
rase I and II but  only in the inner- layered cells (Fig. 2a). In contrast ,  the 
spindle-shaped tumour  cells of  the outer  layer, which are p robab ly  myoe-  
pithelial in origin, were unreactive.  
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Fig. 2 a-d. Carbonic anhydrase II reactivity human saiivary gland pleomorphic adenoma ( x 85). 
a The tubular structures consist of two epithelial cell layers, an inner layer of cells showing 
strong enzymatic staining and outer layer of unreactive spindle-shaped tumour cells, b Epithelial 
cells in tubular and solid tumour structures, show a positive CA-II enzymatic reactivity, e 
The inner layer of tumour ceils adjacent to the lumen of glandular structures demonstrate 
a strong carbonic anhydrase II activity, d Note the positive CA-II staining in the neoplastic 
epithelial cells of the glandular tumours 
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Fig. 3a-d. Carbonic anhydrase II reactivity in spindle-shaped tumour cells of the lumen in 
salivary pleomorphic adenoma (x  85). a Note the slight staining in the tumour cells of a 
clear cell adenoma of myoepithelial cell origin, b Generally, the spindle tumour cells of 
myoepithelial origin show a weak CA-II staining, c The spindle-shaped tumour cells display 
varying degrees of CA-II reactivity ranging from positive to negative staining, d This 
photomicrograph shows the intense reactivity of the chondroidal cells located in the stroma 
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Fig. 4a-b. The carbonic anhydrase II activity in mixed tumour of skin (x  85). a Strongly 
reactive cells observed within tumonr foci. b Marked enzyme activity is distributed in the 
cells located adjacent to the lumen of duct-like structures 

Glandular structures, composed of flattened or squamous-like cells 
(Fig. 2b), consisted of  double or multiple cellular arrangements (Fig. 2c) 
which included strongly reactive cells located at the luminal surface. Foci 
of apocrine metaplasia also showed a strong staining reaction for carbonic 
anhydrase. In addition, the typical neoplastic epithelium (Fig. 2d) of the 
true adenoma type of tumour  reacted positively for carbonic anhydrase 
enzymatic activity. However, the solid epithelial tumour  and areas of squa- 
mous metaplasia were unreactive for CA enzymes. In the clear cell type 
of pleomorphic adenoma, only a slight or minimal staining reactivity was 
noted in all tumour  cells (Fig. 3 a). In general, pleomorphic adenoma was 
usually composed of spindle-shaped tumour  cells which were located at 
the periphery of tubular and duct-like structures together with fibroblast-like 
or mesenchymal cells, with long anastomosing processes,in a hyalin or myx- 
omatous stroma. The carbonic anhydrase staining in such spindle tumour  
cells, which have been referred to as modified myoepithelial cells, showed 
variable reactivity in which those associated with duct-like structures were 
minimally reactive compared with those in hyaline or myxomatous  tissue 
which were strongly positive (Figs. 3 b, c). In addition, it was also noted 
that the CA reactivity of these large spindled-shaped tumour  cells from 
salivary pleomorhic adenoma, also demonstrated a wide range enzyme activ- 
ity from strong to minimal (Fig. 3 c). 
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Fig. $ a-ft. Carbonic anhydrase enzyme distribution in mixed tumour of skin ( x 85). a Variable 
carbonic anhydrase II reactivity is noted in the duct-like tumour cells. Some are strongly 
positive which others are weak or devoid of enzyme activity ( x 85). b Intensely reactive cells 
are observed scattered throughout  the turnout epithelium (x  85). e Highly reactive tumour 
cells are distributed throughout  the solid tumours cords ( x  85). d Higher magnification of 
the epithelial cells in solid tumour cords similar to those described for e. The tubular structures 
present within tumour cords contain epithelial cells which show an intense staining for CA-II 
while others lack enzyme activity ( x 170) 
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Chondroid or osteochondroid formation was occassionally seen. Both 
chondroid and osteoid producing cells displayed a marked staining reactivity 
to carbonic anhydrase I and II (Table 1). 

Mixed tumour of skin 

The CA activity of the mixed tumour of eccrine sweat glands was similar 
to salivary gland pleomorphic adenoma. However, the carbonic anhydrase 
immunohistochemistry in this tumour showed the highest degree of stainable 
tumour cells, although several showed poor reactivity. These cells were usu- 
ally distributed within the inner most layer of cells adjacent to the lumen 
of duct-like structures as well as within solid tumour cords (Figs. 4 a, b; 
5 a, b). Tubular or glandular types of growth in this mixed tumour disclosed 
squamous-shaped cells with an abundant CA stainability localized within 
and scattered throughout the tumour mass (Figs. 5c, d; Table 2). 

Discussion 

It was not known until this study, that immunohistochemically detectable 
carbonic anhydrase existed in the tubular and ductal epithelium in tumour 
tissues. The histochemical observations noted for carbonic anhydrase reac- 
tivity in pleomorphic adenoma have not been reported to date. These find- 
ings also provided support for the role of CA in biological systems in mem- 
brane transport and/or the synthesis and secretion of bicarbonate ions and 
other macromolecules in both normal and neoplastic epithelium. It has 
recently been shown that the biological role of carbonic anhydrase in sali- 
vary glands is also related to bicarbonate secretion into saliva, and that 
the immunohistochemical identification of this enzyme in the striated ducts 
provides additional evidence for the regulation of CO2 exchange and trans- 
port of  ions (Spicer et al. 1979; 1982). In the present study, immunohisto- 
chemically detectable carbonic anhydrase reactivity occurred in the inner- 
layer of epithelial cells of the tubular and duct-like structures in salivary 
gland pleomorphic adenoma. This feature suggests that this type of epithelial 
cell, located adjacent to the lumen, may function in ion transport or bicar- 
bonate secretion. No ductal or tubular components of the tumour including 
the solid epithelial foci, squamous metaplastic areas and clear cell adenoma, 
lacked carbonic anhydrase enzyme reactivity. 

The outer layer of tumour cells in the same tubular and ductlike struc- 
tures, which were composed of spindle shaped tumour cells of myoepithelial 
cell origin, exhibited a negative response to this enzyme. This finding sug- 
gests that these cells may not be involved in carbonate synthesis or ion 
transport. In contrast to the above, fibroblast-like cells with long processes 
or spindle shaped tumour cells in the stroma displayed, on occasion, a 
higher reactivity to carbonic anhydrase. These spindle shaped cells or modi- 
fied myoepithelial cells have shown a positive staining to S-100 protein 
(Takahashi et al. 1984; Nakazato et al. 1985) or keratin proteins, as pre- 
viously reported (Takai et al. 1985). In the stroma of pleomorphic adenoma, 
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the matrix substances may be synthesized from transformed myoepithelial 
cells. One of the biological roles of carbonic anhydrase to a relationship 
to calcification (Kumplainen and Vaananen 1982). In the present study, 
chondroid or osteochondroid cells in the tumour stroma demonstrated a 
strong histochemical reactivity to carbonic anhydrase including the spindle 
tumour cells which are all probably related to chondroid or osteoid forma- 
tion as well as some components of indirect mineralization. 

Strongly positive carbonic anhydrase cells have been found to be limited 
to epithelial cells from eccrine mixed tumour of the skin. The significance 
of strong enzyme reactivity of cells in this lesion is probably similar to 
that in pleomorphic salivary adenoma. It has been shown that clear cells 
in eccrine sweat glands are involved in the secretion of fluid and ions while 
dark cells participate in the macromolecular synthesis of precursor sweat. 
These findings are supported by the present immunohistochemical investiga- 
tion of CA localization in sweat glands (Montaguna et al. 1953; Briggman 
et al. 1983). The additional finding that epithelial cells from eccrine mixed 
tumours have demonstrated high levels of carbonic anhydrase was not 
known and also supports the above. 

Secretion of macromolecules from glandular acinar cells has also been 
described as one of the functions of carbonic anhydrase. In mouse subman- 
dibular glands, numerous well developed granular convoluted tubules, which 
accumulate and secrete epidermal growth and nerve growth factor, have 
been identified (Gresik and Barka 1977; Barka 1980; Mori et al. 1983). 
These granular convoluted tubule cells also contained carbonic anhydrase 
including the striated ductal cells, although acinar cells werde devoid of 
enzyme activity. These particular finding may be associated with secretion 
of growth factors including lectin binding, complex carbohydrates as well 
as higher molecular weight materials (Schulte and Spicer 1983; 1984; Naito 
et al. 1983). Salivary gland pleomorphic adenoma and skin mixed tumour 
occasionally exhibited apocrine like metaplasia in duct-like epithelial struc- 
tures. In the present investigation, apocrine metaplasia was identified within 
the inner-layered cells showing positive carbonic anhydrase staining. The 
biological significance of this finding may be related to the complex phenom- 
ena of either macromolecular secretion into luminal structures or bicarbon- 
ate and/or other ion exchange. 
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