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Abstract Our recent study of developing myoepitheligb major constituents of pleomorphic adenoma cells with
cells (MECs) in rat salivary glands demonstrated that deratin 14 but not smooth muscle proteins, and (2) that
veloping MECs begin to expresssmooth muscle actinthe peripheral cells of adenoid cystic carcinoma are de-
(«SMA) first and, thereafter, keratin 14. Therefore, it isved from undifferentiated MECs. Solid structures of
unlikely that duct basal cells expressing keratin 14 alopleomorphic adenomas were formed by proliferation of
are immature or undifferentiated MECs. In this study wvilee peripheral cells. MECs were observed only occasion-
carried out immunohistochemistry of pleomorphic adenally in the periphery. Solid and cribriform structures of
mas and adenoid cystic carcinomas including normal salilenoid cystic carcinomas were formed by proliferation
vary glands using monoclonal antibodies to keratin 1af, the luminal cells. MECs were observed in the periph-
smooth muscle proteins and keratin 19. The smooth mest and around the pseudocyst.

cle proteins examined includedSMA, h-caldesmon and

h1l-calponin; hl-calponin was observed in keratinocytésy words Salivary gland tumor - Keratin - Alpha-

and nerve fibers, indicating that the protein is not specifimooth muscle actin - Calponin - Caldesmon

to smooth muscle, whereasSMA and h-caldesmon

turned out to be highly specific markers for smooth mus-

cle cells in normal tissues. In normal glands, MECs wdtroduction

positive for both keratin 14 and smooth muscle proteins

(aSMA and h-caldesmon). Non-MEC cells were esseltentification of the myoepithelial cell (MEC) is the fun-
tially devoid of smooth muscle proteins. Non-MEC dudlamental step in understanding the developmental pro-
basal cells expressed keratin 14 with or without keratiess and formation of histoarchitecture of salivary gland
19, and luminal cells keratin 19 with or without keratitumors. The MEC is a unique hybrid of epithelial and
14. This suggests that the keratin 14-positive, smoafnooth muscle cells. Therefore, coexpression of keratin
muscle proteins-negative duct basal cells are luminal cef! ando-smooth muscle acticnkSMA) has been the most
progenitors. Luminal cells in tubular structures of bothidely used marker for identification of MECs [6-8, 14,
tumors were positive for keratin 19 with or without kera1, 22, 29, 31, 48, 50, 55]. Tumor cells with keratin 14
tin 14. Nonluminal peripheral cells of pleomorphic adere more abundant than are those wiBMA in certain
nomas were mostly positive for keratin 14, and a smalmors, such as pleomorphic adenoma and adenoid cys-
fraction of them expressed smooth muscle proteins. Cén-carcinoma [6, 8, 22, 31, 34, 48, 55, 56, 60]. By defini-
versely, peripheral cells of adenoid cystic carcinom#isn, the neoplastic cells expressing keratin 14 alone
were mostly positive for smooth muscle proteins, a@ithoutaSMA) are not necessarily derived from MECs.
some of them expressed keratin 14. These results stromgliced, keratin 14 is found in MECs as well as non-
suggest (1) that the luminal cell progenitors transform iRHEC large duct cells in normal salivary glands [6-8, 21,
22, 31, 55]. Nevertheless, recent researchers mostly con-
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respectively, of the same basal cell/MEC continuum thi#dodies against keratin 14 [44{SMA [50], h1-calponin

extends form the acinus to the distal most duct. This §p6], h-caldesmon [26] and keratin 19 [33]. H1-calponin

pears to account for the presence of keratin 14 in baid h-caldesmon are newly discovered proteins with pu-

the basal duct cells and the MECs. tative regulatory function in smooth muscle contraction
Our recent study on developing rat salivary glands1, 58]. Keratin 19 is a major component of simple epi-

however, demonstrated that keratin 14 expression thglia [4, 38], and is expressed by luminal cells and some

MECs and basal cells was preceded by the expres$iasal cells in the salivary gland [22, 28].

of the smooth muscle proteins, sucho&&VA and hl-

calponin [42]. The first identifiable MECs, which appear

in the basal layer of the terminal buds and the adjacgmt,—

cell cords, express hl-calponin ae8MA but not kera- Materials and methods

tm.14‘ These ME(.:S with the smooth muscle proteins f%e collected 12 cases of pleomorphic adenoma and 8 cases of ad-
ly invest the terminal secretory apparatus and then begigid cystic carcinoma (Table 1). All cases were retrieved from
to express keratin 14. Therefore, the above concepttheffiles of the Clinical Laboratory at the Osaka University Dental

MEC/basal cell continuum may not apply, at least to th@spital from 1993 to 1998. Normal salivary glands were includ-

: ; ; in 12 cases (4 parotid, 3 submandibular and 5 palatine glands).
rat salivary glands. Alternative explanation for the ba All the patients gave their informed consent prior to their inclu-

cell lineage implies that basal cells differentiate to lumifon in this study. The tissues were obtained during surgery, fixed
nal cells through a process including changeover frami10% neutral buffered formalin and embedded in paraffin. Sec-
keratin 14 to keratin protein(s) specific to mature lumfions (2-4 pm) were cut, mounted on silane-coated glass slides,
deparaffinized and rehydrated to distilled water. One section from

nal cells [21, 24, 28]. h i lock : ih h i :
The aim of the present studv was to gain insights ir§§§ tissue block was stained with hematoxylin and eosin to as-
p y 9 9 Sess the histology, and the others were used for immunohisto-

the exact nature of the tumor cells with keratin 14 ghemistry.

pleomorphic adenoma and adenoid cystic carcinoma. ToBecause proteins exceptiogsMA were not detected satisfac-

learn the extent of contributions of cells of the MEC angfily in the formalin-fixed, paraffin-embedded sections, we car-
led out a pilot study to seek the most effective way of antigen re-

Iumlnal cell origin _to these t.umor Cef”,S’ Imml"nOh'StdFieval. We compared several methods, i.e. trypsin digestion [13]
chemistry was carried out using specific monoclonal agid microwave heating in zinc sulfate solution, lead thiocyanate
solution [49] or citrate buffer [9]. Among these, microwave heat-
ing in citrate buffer was most effective; normal salivary glands
processed by this method yielded immunohistochemical results
similar to those obtained from unfixed frozen sections (data not

shown).

Table 1 Clinical features of tumors

Caseno.  Sex Age Site In the following description, if no temperature is specified for
; a procedure this means it was carried out at room temperature.
Pleomorphic adenoma . Sections were incubated for 5 min with 3%CH to block endoge-
1 Female 25 Palatine gland nous peroxidase and washed in distilled water. The sections for
2 Female 38 Parotid gland aSMA were washed in 0.01 M phosphate-buffered saline (PBS;
3 Female 46 Palatine gland pH 7.2), and the next step of immunohistochemistry followed di-
4 Male 31 Submandibular gland yectly without antigen retrieval. Those for the other proteins were
5 Male 54 Parotid gland placed in a Coplin jar filled with 0.01 M citrate buffer (pH 6.0)
6 Male 46 Submandibular gland 54 heated for 10 min (two 5-min cycles) at 700 W in a household
7 Female 37 Parotid gland microwave oven. After heating they were allowed to cool for
g Eemale g% galstmeéy_lgr}d ang20-30 min, rinsed in distilled water and then in PBS, and subject-
10 Female 57 Submandibular gland©? © the immunostaining procedure. indirect i
- Immunohistochemistry was carried out by indirect immuno-
1 Male 29 Parotid gland peroxidase method. All the sections were incubated for 30 min
12 Male 38 Palatine gland with 10% normal rabbit serum in PBS containing 1% bovine se-
Adenoid cystic carcinoma rum albumin (PBS-BSA) to block nonspecific binding. The serum
1 Female 41 Palatine gland was wiped away, and the sections were incubated overnight at 4°C
> Male 61 Submandibular gland with one of the primary antibodies which had been diluted with
3 Male 27 Palatine gland PBS-BSA (Table 2). They were then thoroughly washed with PBS
4 Male 35 Submandibular gland and incubated for 30 min with peroxidase-conjugated rabbit anti-
5 Female 75 Palatine gland mouse 1gG (DAKO, Glostrup, Denmark) which had been diluted
6 Female 54 Submandibular gland 1:200 with PBS-BSA containing 1% normal human serum of AB
7 Male 59 Palatine gland blood type. After three 10-min washes with PBS, the sections
8 Male 56 Submandibular gland Were incubated for 5 min with 3,3’-diaminobenzidine tetrahydro-

Table 2 Monoclonal antibod-

ies used for immunohistochem-Antibody Specificity Dilution Source

istr

ISty LLO02 Keratin 14 1:100 Ylem, Roma, Italy
1A4 a-Smooth muscle actin 1:1,000 Dako, Glostrup, Denmark
hCP H1-calponin 1:120,000 Sigma Chemical Co., St. Louis, Mo.
hHCD H-caldesmon 1:500 Sigma Chemical Co.

A53-B/A2 Keratin 19 1:500 Sigma Chemical Co.
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chloride-H0, solution to visualize immunoreaction sites. Thejobular and interlobular ducts were striated in the major
m%%s hematoxylin, dehydrated, and coverslipped with Pefpeored in the distal ducts of the palatine salivary
Negative controls for immunostaining were performed by sugland (see [5]). In this study, we distinguished two cell
stituting the primary antibodies with PBS and normal mouse IgGgroups; the peripheral cells and the luminal cells. In the
acinus and the intercalated duct, the peripheral cells

consisted almost exclusively of highly flattened MECs.
Results In the distal ducts, the peripheral cell population was a

mixture of relatively bulky basal epithelial cells and oc-

The results are summarized on Tables 3-5. All the ioasional MECs.

munostaining were cytoplasmic except for some nuclearBoth acini and intercalated ducts of all glands exam-
staining of h1l-calponin (see below). ined were invested with MECs which expressed immu-
noreactivity for keratin 14 and smooth muscle proteins

) (Fig. 1a—d; Table 3), but not keratin 19. Immunoreaction
Normal salivary glands (Table 3) products of h-caldesmon occupied somewhat narrower
_ ) areas in the cytoplasm than did those of the other pro-

The results are summarized in Table 3. We excludgghs. Occasional MECs loaded with keratin 14 and
large excretory duct from the analysis. The smallgiooth muscle proteins were also observed in the pe-

ducts distal to the intercalated portion were classifigighery of the larger intralobular and interlobular ducts
into intralobular and interlobular categories. The intra-

Table 3 Staining patterns of normal salivary glahds

Antigen Peripheral cell Luminal cell

Acinar Intercalated Intralobular Interlobular Acinar Intercalated Intralobular Interlobular

ductal ductdl ductap ductal ductdl ductab

Keratin 14 0/0/0/12  0/0/0/12 0/0/4/8 0/0/0/12 12/0/0/0  10/2/0/0 712/3/0 712/3/0
a-Smooth muscle actin ~ 0/0/0/12  0/0/0/12 10/1/1/0 11/1/0/0 12/0/0/0  12/0/0/0 12/0/0/0 12/0/0/0
H-caldesmon 0/0/2/10  0/0/0/12 11/1/0/0 11/1/0/0 12/0/0/0  12/0/0/0 12/0/0/0 12/0/0/0
H1-calponin 0/0/0/12  0/0/0/12 10/1/1/0 11/1/0/0 12/0/0/0  12/0/0/0 12/0/0/0 12/0/0/0
Keratin 19 12/0/0/0  12/0/0/0 0/0/6/6 0/0/7/5 12/0/0/0  0/0/0/12 0/0/0/12 0/0/0/12

aReactivity patterns are scored as follows: no cell stained/less than 25% of cells stained/25-75% of cells stained/madreelisustaided
bIn parotid and submandibular glands, these denote striated ducts

Table 4 Staining patterns of pleomorphic adenoma eells

Antigen Tubular Solid Squamous Plasmacytoid  Myxoid  Chondroid
metaplasia
Luminal  Peripheral Luminal  Nonluminal

Keratin 14 0/4/6/2 0/0/3/9 0/2/8/2 0/0/5/7 0/1/3/0 4/0/0/0 1/11/0/0  5/0/0/0
o-Smooth muscle actin ~ 12/0/0/0  0/10/2/0 12/0/0/0  0/12/0/0 4/0/0/0 4/0/0/0 0/12/0/0  5/0/0/0
H-caldesmon 12/0/0/0  10/2/0/0 12/0/0/0  9/3/0/0 4/0/0/0 4/0/0/0 11/1/0/0  5/0/0/0
H1-calponin 0/7/5/0 0/0/5/7 0/5/7/0 0/0/6/6 0/1/3/0 0/0/0/4 0/0/11/1  2/3/0/0
Keratin 19 0/0/0/12  12/0/0/0 0/0/2/11  10/2/0/0 3/1/0/0 4/0/0/0 12/0/0/0  5/0/0/0

aReactivity patterns are scored as follows: no cell stained/less than 25% cells stained/25-75% cells stained/more thastd@ib#dcells

Table 5 Staining patterns of adenoid cystic carcinoma gells

Antigen Tubular Cribriform Solid
Luminal Peripheral Luminal Pseudocyst Nonluminal
Nonpseudocyst

Keratin 14 0/0/7/1 0/4/3/1 0/1/6/1 0/6/1/1 0/2/5/1 0/2/1/1
a-Smooth muscle actin 8/0/0/0 0/0/0/8 8/0/0/0 0/0/5/3 0/8/0/0 0/4/0/0
H-caldesmon 8/0/0/0 0/3/5/0 8/0/0/0 0/3/5/0 1/7/0/0 0/4/0/0
H1-calponin 6/2/0/0 0/0/0/8 6/2/0/0 0/0/5/3 0/8/0/0 0/2/1/1
Keratin 19 0/0/1/7 8/0/0/0 0/0/0/8 7/1/0/0 0/3/5/0 0/1/2/1

aReactivity patterns are scored as follows: no cell stained/less than 25% cells stained/25-75% cells stained/more thastd@ib#dcells



Fig. 1 Immunoperoxidase histochemistry of normal submandibdistribution in the cytoplasm of MECd) Keratin 19 immunore-

lar (a—d) and palatined, f, h) glands. Keratin 14a( f); aSMA (al- activity is apparent in luminal cells of duct).(It is never ob-
pha-smooth muscle actib); hl-calponin ¢, g, H; h-caldesmon served in acinar cells. Keratin 14 is expressed by some luminal
(d); keratin 19 ¢). Sections were counterstained with hematoxgells in palatine gland duct$)( Keratinocytes in palatine mucosa
lin. Myoepithelial cells (MECs) around acini and intercalateexpress weak immunoreactivity for h1l-calponin in their cytoplasm
ducts express immunoreactivity for keratin &% 6SMA (b); h1l- and/or nuclei g). H1l-calponin immunostaining is occasionally
calponin €); h-caldesmond); they are less frequently observed irseen in peripheral nerve cells)(Double arrowsin d andh indi-

the periphery of intralobular ductarowsin b andc). Keratin 14 cate positive reaction of vascular walls for smooth muscle proteins
is also expressed by basal cells of interlobular dajctNote im- (IcD, intercalated ductjaD intralobular duct,IrD interlobular
munoreaction products of h-caldesmon show somewhat narrogect).Bars: 50 um,x300

(Fig. 1b, c). The peripheral or basal cells in these dutitsty was usually seen in all luminal cells of all duct
generally took flattened or triangular configuration argystem, but not in the acinar cells (Fig. le; Table 3). In
lacked immunoreactivity for smooth muscle proteinpalatine glands, but not in major salivary glands, the lu-
These cells were positive for keratin 14 and often forinal cells of the ducts sometimes also expressed immu-
keratin 19 (Fig. 1a, f; Table 3). Keratin 19 immunoreanereactivity for keratin 14 (Fig. 1f).
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Keratins 14 and 19, and smooth muscle proteins weras occasionally expressed by the cell types that ex-
expressed by cells other than the glandular epithejméssediSMA (Fig. 2f; Table 4).
cells. Oral mucosae, which were included in the palatineSquamous metaplasia was seen in 4 cases (1 in a pa-
materials, expressed immunoreactivity for keratin 1ebtid gland, 2 in the submandibular gland and 1 in the
The immunoreactivity was strongest in the basal laypalatine gland). Tumor cells in the squamous metaplasia
The basal keratinocytes sometimes also expressed ksometimes exhibited immunoreactivity for keratin 14
tin 19. Immunoreactivity for smooth muscle proteing-ig. 2g). Clusters of plasmacytoid cells were seen in 4
were seen in vascular smooth muscle cells (Fig. 1d,cases (1 in the parotid gland, 1 in the submandibular
and myofibroblasts in the connective tissue. The myofjland and 2 in the palatine gland), and chondroid struc-
broblasts were rare in normal tissues and pleomorphice in 5 cases (1 in the parotid gland, 3 in the subman-
adenomas, but were numerous in adenoid cystic carcidiibular gland and 1 in the palatine gland). They were de-
mas (Fig. 3b). Here again immunoreaction products wdid of keratin 14, keratin 19ySMA and h-caldesmon
h-caldesmon showed a limited distribution in the cyt¢fable 4).
plasm of these cells. H1-calponin immunoreactivity was seen in all the

Among the smooth muscle proteins examined, htlimor cell types (Table 4). Calponin immunoreactivity
calponin immunostaining was unique; i.e., it was olras seen in some luminal and many nonluminal cells in
served in some keratinocytes in the palatine epithetiee epithelial structure. In the mesenchymal structure,
and occasional nerve fibers (Fig. 1g, h). Calponmany myxoid and occasional chondroid cells also ex-
immunostaining in these cells was sometimes seenpmessed the immunoreactivity. In the foci of plasmacy-
their nuclei (Fig. 1g). Unique and broader calpontoid cells and squamous metaplasia which were seen
staining was also seen in the neoplastic tissues. Thénethe limited cases, tumor cells were positive for
fore, we describe calponin immunostaining separatelglponin.
from the rest of the smooth muscle protemSMA and
h-caldesmon.

Adenoid cystic carcinomas (Table 5)

Pleomorphic adenomas (Table 4) Tubular and cribriform structures were seen in all cases,
whereas solid structure was in 4 cases (2 in the subman-
All the cases included tubular, solid and myxoid strudibular gland and 2 in the palatine glands). The luminal
tures. The tubular structure was a two-cell layerdayer of the tubular structure was made up of keratin 19-
structure surrounding a central lumen. The luminal lagesitive cells, most of which were also positive for kera-
er was made up of a monolayer of cells with immunorga 14 (Fig. 3a, c; Table 5). The luminal cells were nega-
activity for keratin 19 (Fig. 2c). These keratin 19-posiive for aSMA or h-caldesmon. On the other hand, the
tive luminal cells often coexpressed various intensity péripheral cells were mostly positive @EMA and, less
immunoreactivity for keratin 14 (Fig. 2a; Table 4). Turequently, for h-caldesmon (see Fig. 3b for example of
mor cells in the peripheral layer were negative for keraSMA; Table 5). Some peripheral cells were also posi-
tin 19, but were mostly positive for keratin 14 (Fig. 2aive for keratin 14 (Fig. 3a; Table 5). The tubular struc-
c). The keratin 14-positive peripheral cells only occaire was often made up of more than two cell layers.
sionally exhibited immunoreactivity fooSMA (Fig. This was mostly due to an increase in luminal rather than
2b; Table 4). The peripheral layer cells often piled uim peripheral cells (cf. Fig. 3b, c).
and consequently the tubular structure was made up ofn the cribriform structure, tumor cells surrounding
more than two cell layers, at least in some parts (Fige true lumina (luminal cells) were immunoreactive
2a, c¢). In the solid structure, tumor cells surroundirigr keratin 19, whereas those surrounding the pseu-
the lumen were similar to the luminal cells in the tubdocysts were not (Fig. 3f). Most pseudocyst cells were
lar structure, i.e., positive for keratin 19 (not shown fommunoreactive foraSMA and less frequently for
solid structure, but see Fig. 2c for a form transitionaicaldesmon (Fig. 3e for example of h-caldesmon;
from a tubular structure) and often coexpressed kerafable 5), whereas the luminal cells were immunonega-
14 immunoreactivity (Table 4). The rest of the tumaive for these smooth muscle proteins. Keratin 14 was
cells or nonluminal cells in this structure rarely exexpressed by many luminal cells. The pseudocyst cells
pressed immunoreactivity for keratin 19 (Table 43ometimes expressed this keratin (Fig. 3d). In many
They were often positive for keratin 14 (Fig. 2d), anthses, the rest of the tumor cells (nonluminal nonpseu-
some of these Kkeratin 14-positive cells expresseédcyst cells) in this structure were positive for keratin
aSMA. The cells coexpressing keratin 14 arfMA 14 and/or keratin 19 (Fig. 3d, f; Table 5). Some nonlu-
were spindle- or stellate-shaped and were encountemg@dal nonpseudocyst cells in the periphery of the tumor
in the periphery of the solid structure (Fig. 2e). In th@so expressed smooth muscle proteins (Fig. 3e). The
myxoid structure, cells with keratin 14 and smootolid structure was frequently made up of keratin
muscle proteins were observed only occasionall@- and/or keratin 14-positive cells (Fig. 3g, h). Some
(Fig. 2d, e; Table 4). H-caldesmon immunoreactivigolid structure cells were positive falSMA and less



Fig. 2 Immunoperoxidase histochemistry of pleomorphic adenbeadsin a; compare witc). d, e Semiserial sections showing sol-
mas in parotidg, c, 9, submandibulard, € and palatinelf, f) id and myxoid structures. In solid structures, many tumor cells are
glands. Keratin 14, d, g); aSMA (b, ©); keratin 19 ¢); h-caldes- positive for keratin 14d). Some peripherally located cells also
mon (). Sections were counterstained with hematoxylin. In tubaxpressaSMA (arrowsin €). In myxoid structures, cells with ker-
lar to solid structures, luminal cells are positive for keratincl9 (atin 14 andxSMA are observed only occasionalriowheadsn
They often also express immunoreactivity for keratin d4ovs d ande). Immunoreactivity for h-caldesmon is less frequent than
in insetin a). Peripherally located cells are negative for keratin 1Bat foraSMA (f). Occasional cells in the periphery of solid struc-
(c), but positive for keratin 14aj. These cells sometimes exhibitture and those in mesenchymal structure are positive for this pro-
immunoreactivity foraSMA (arrows in b). When the structure tein @rrows in f). Tumor cells in squamous metaplasias express
consists of more than two-cell layers and begins to generate swlichunoreactivity for keratin 14gj. Bars: a—c, f, g50 um,x300;
structure, the increases are always in the peripheral egitsst d, €100 pm,x150



Fig. 3 Immunoperoxidase histochemistry of adenoid cystimina (luminal cells) are positive for keratins 14 and d &ridf),
carcinomas in submandibulaa~f) and palatine d—i) glands. but not for h-caldesmore). Arrowheadsin d andf indicate true
Keratin 14 @, d, g; aSMA (b, i); keratin 19 ¢, f, h); h-caldes- lumina. H-caldesmon-positive cells are seen around pseudocysts
mon ). Sections were counterstained with hematoxylin. In tand in the peripherye]. Pseudocyst-lining cells (pseudocyst
bular structures, keratins are expressed mainly by luminal celidls) are mostly negative but sometimes positive for keratin 14
(a, 9, while aSMA only by peripheral cellsh). Peripheral cells (arrowsin d). Nonluminal nonpseudocyst cells are often positive
occasionally express keratin 14 (arrowsa)rbut not keratin 19. for keratin 14 ) and/or keratin 19f}. In solid structures, tumor
When the structure consists of more than two-cell layers, the @ells are often positive for keratin 14)(and/or keratin 19h).
creased are mostly the luminal celisrbwheadsin c; compare Cells withaSMA are sometimes seen in the periphéjyRars

with b). Double arrowsin b indicate myofibroblasts positive for 50 um,x300

aSMA. In cribriform structures, tumor cells surrounding true lu-
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a Normal Salivary Glands salivary Gland Tumors ~ CE1IS DUt also in nerve fibers and the palatine mucosal
epithelium. Non-smooth muscle tissue cells including

- nerve tissue cells [2, 35, 57] and keratinocytes [27, 36]

e are also known to express the h2 and acidic isoforms of

calponin. Hence, the term ‘smooth muscle proteins’ in-

X - cludesaSMA and h-caldesmon but not h1-calponin. In

4
@ e > Adenoid cystic carcinoma NNEOPIASTIC tissues, the calponin immunoreactivity was
eetatin 14-positive smooth muscle proteins- detected in wider range of cells than h-caldesmon and
l el oaSMA. This tendency was particularly exemplified in
pleomorphic adenomas. The calponin immunoreactivity
el i) in tumor cells negative for h-caldesmon ar8MA may
@mmm thmmeprqm. reflect the occurrence of tonofilaments [10, 12, 18, 19,
l ket 19 posive and keratin L-positive 23, 43] _and/or nerve prot_eins such as S-100 protein and
diferentiated glial fibrillary acidic protein [1, 3, 6, 11, 23, 30, 32, 39,
@ o "y 40, 56, 59]. Therefore, it [s_sa_fe to conclude so far that
- comorpiue adenoma the calponin immunoreactivity in the tumor cells both in
Femn — the previous [48] and the present studies does not neces-
Luminal Cell Lineage ~ Myoepithelial Cell Lincage sarily represent the exact distribution of MEC-related
cells.

The present results do not support the notion that all

the keratin 14-positive cells in pleomorphic adenomas

and adenoid cystic carcinomas originate from MECs [8,

17, 20]. The keratin 14-positive tumor cells should not
be considered to be MEC-related cells only because of

their basal position. As already mentioned, the expres-

sion of keratin 14 by any kinds of developing salivary
gland cells is preceded by expression of smooth muscle

markers by developing MECs [42]. Therefore, the kera-

tin 14 expression without smooth muscle proteins do not

appear to be a marker for undifferentiated MECs. In nor-

Pleomorphic mal palatine glands, a substantial subpopulation of duct
adenoma luminal (therefore non-MEC) cells express keratin 14.
Fig. 4 Schematic diagrams showirgtwo cell lineages of normal These cells are essentially negative for smooth muscle

salivary glands and cell types which make up normal ducts anénarkers. Because virtually all normal ductlluminal cells
tubular structures of pleomorphic adenoma and adenoid cystic eatpress keratin 19, these keratin 14-positive cells are

cinoma. Both pleomorphic adenoma and adenoid cystic carcinogggitive for keratin 19. Therefore, the tumor cells with

are made up of cells of both luminal and myoepithelial cell lineag :
In general, the cells in adenoid cystic carcinoma are less differen ratin 14 but not smooth muscle markers are strongly

ated than those in pleomorphic adenomja Cells in myoepithelial Stggested to be luminal cell progenitors (Fig. 4a).
cell lineage are more prominent in adenoid cystic carcinbina ( The keratin 14 expression by normal duct luminal

cells was detected in palatine glands but not in large sali-
vary glands. This would also support the above argument

frequently h-caldesmon. They were localized to the ggat the keratin 14-positive duct basal cells are progeni-
riphery of the solid structure (Fig. 3i: Table 5) tors of luminal cells. In the palatine gland, the intralobu-
H1-calponin was seen in at Ieaist é few celle of all t}@¥ and interlobular ducts are less differentiated, and the

above cell types (Table 5). In two cases, many tumor ¢ inal cells rarely acquire typical basal striation [5].

in the solid structure were immunoreactive for this proteir, 1€ intércalated duct of palatine gland exhibits a high
egree of structural pleomorphism [5], and relatively un-

differentiated cells appear to persist. Because cell migra-
Discussion tion appears to be an indispensable phenomenon in-

volved in histogenesis and continuous turnover of lumi-
Despite a minor difference in detection sensitivity, Imal cells [21, 24, 28] (see also [15, 46] for reviews), it is
caldesmon andi'SMA immunoreactivities were seen inwell accepted that basal cells move to the luminal posi-
similar cell types in normal and neoplastic tissues. tion. The changeover from keratin 14 to keratin 19 may
normal tissues, these proteins were detected onlybi a fundamental event normally occurring in both de-
smooth muscle cells and MECs. On the other hand, k&loping and mature salivary gland ducts.
calponin immunoreactivity was distributed in a broader Both in pleomorphic adenoma and adenoid cystic car-
range of cell types than the other two smooth musci@oma, tubular growth of the tumor cells is the basics
proteins. In normal tissues, calponin immunoreactivifyom which various growth structures develop [17]. Al-
was seen not only in MECs and vascular smooth musaiest all luminal cells in the tubular structure of both tu-
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mors appeared to have been derived from luminal aelinal cells in these malignant tumors. Undifferentiated
lineage because they mostly expressed keratin 19, MECs without keratin 14 could be also seen in this ma-
less extensively keratin 14, but never expressed smdahancy. Both differentiated MECs with keratin 14 and
muscle proteins (Fig. 4b). As for the peripheral cellsndifferentiated MECs without keratin 14 were some-
there was a considerable difference in the cell marker #ries the major constituent of the cribriform and solid
pression between the two tumors. In adenoid cystic castiructures. They usually surrounded the pseudocysts
nomas, most peripheral cells expressed smooth musgid/or localized to the periphery of both structures. Here
proteins but never expressed keratin 19. Therefore, tlaggin, MECs are thought to be engaged in the production
are likely to be derived from MEC lineage (Fig. 4b). Aef extracellular matrix [10, 12, 16, 43, 54], but their
sence of keratin 14 from at least a part of these smoabiundance suggests that they have a more prominent role
muscle protein-positive cells may be explained by a haim-adenoid cystic carcinomas than do pleomorphic ade-
pered differentiation of MEC lineage cells due to maligtomas.

nancy. In pleomorphic adenomas, on the other hand, the

smooth muscle protein-negative peripheral tubular cells

outnumbered the positive cells. These peripheral cells Béferences

ten expressed keratin 14 and appeared to be derived f;c;mA hstatier T Moll R And A Kuhn G Pt S
the luminal cell lineage (Fig. 4b). The predominance of- 2cntstatier 1, Moll R, Anderson A, Kuhn C, Filz o,

; .. Schwechheimer K, Franke WW (1986) Expression of glial fil-
the _l\/IEC-reIa_ted cells may .squeSt that adeno'd.CySt'Cament protein (GFP) in nerve skfeaths) ané) non-neuralgcells re-
carcinoma arises from the intercalated ducts, while the examined using monoclonal antibodies, with special emphasis
rarefaction of MEC-related cells and the abundance of on the co-expression of GFP and cytokeratins in epithelial
cells of the luminal cell |ineage may suggest that p|eo- cells of human salivary gland and pleomorphic adenomas. Dif-

. ; ; _ferentiation 31:206-227
morphic adenoma arises from larger ducts (Fig. 4b). Be- Applegate D, Feng W, Green RS, Taubman MB (1994) Clon-

cause squamous metaplasia is more frequent in I.arg.efng and expression of a novel acidic calponin isoform from rat
ducts [24, 47], occurrence of squamous metaplasia inaortic vascular smooth muscle. J Biol Chem 269:10683—10690
pleomorphic adenoma may support this notion. The p&- Azumi N, Battifora H (1987) The cellular composition of ade-

ripheral and the luminal cells in the tubular pleomorphic noid cystic carcinoma. An immunohistochemical study. Can-

L. . cer 60:1589-1598
adenoma appeared more primitive than the cells in corrg-ga ek J, Bartkova J, Taylor-Papadimitriou J, Rejthar A,

sponding layers of normal salivary gland ducts: the pe- Kovafik J, Lukasz, Vojtések B (1986) Differential expression
ripheral keratin 14-positive tumor cells lacked keratin 19, of keratin 19 in normal human epithelial tissues revealed by
and the luminal keratin 19-positive cells more frequentl monospecific monoclonal antibodies. Histochem J 18:565-575
coexpressed keratin 14 (Fig. 4b). As in MEC-related t0* g?ﬁksgf? (1977) The structure of the salivary glands of the hu-
. - ) . : - palate. J Morphol 153:107-118

mor cells in adenoid cystic carcinomas, the differentiatios. Bumns BF, Dardick I, Parks WR (1988) Intermediate filament
might have been arrested in tumor cells of the luminal expression in normal parotid glands and pleomorphic adeno-
cell lineage. mas. Virchows Arch [A] 413:103-112

; ; Caselitz J, Walther B, Wustrow J, Seifert G, Weber K, Osborn
Inc_reaﬁe (éf Celll layers mftUbLlj.I;r St{jucu.‘g‘?f's the earl M (1986) A monoclonal antibody that detects myoepithelial
step In the development of solid and cribriform Struc- cejis in exocrine glands, basal cells in other epithelia and basal

tures [17]. In pleomorphic adenomas, the increase wasand suprabasal cells in certain hyperplastic tissues. Virchows
usually seen in the peripheral layer lacking keratin 19 Arch [A] 409:725-738
immunoreactivity. Consequently the solid structure wa8 Caselitz J, Osborn M, Hamper K, Wustrow J, Rauchful’ A,

. . . Weber K (1986) Pleomorphic adenomas, adenoid cystic carci-
composed mainly of the basal cells with keratin 14. nomas and adenolymphomas of salivary glands analysed by a

Some MECs were observed only in the per_iphery. In the monoclonal antibody against myoepithelial/basal cells. An im-
myxoid structure, the smooth muscle proteins and kera-munohistochemical study. Virchows Arch [A] 409:805-816
tins currently under scrutiny were expressed by only % Cattoretti G, Becker MHG, Key G, Duchrow M, Schliter C,

; _Galle J, Gerdes J (1992) Monoclonal antibodies against re-
small number of tumor cells. The markers included kera- .~ & parts of the Ki-67 antigen (MIB1 and MIB3) detect

tin 14, aSMA and h-caldesmon but not keratin 19, sug- proliferating cells in microwave-processed formalin-fixed par-

gesting that these tumor cells were derived from the affin sections. J Pathol 168:357-363

MEC lineage. This observation supports the notion tH& $ahr§gﬁgféfﬂp&1|§%§)rI_‘ﬁ,sglﬂe'irelgi cﬁa;gglg;gagdstsié tgtr?gxc?m%

MECs play a part in the fo.rmatlon of .myXOId structure of the salivary glands. Ligght and electronmicr)gscopic study.

[16, 18, 19, 54] by their active production of extracellu- cancer 58:72282

lar matrix [52, 53]. However, the present immunohistai. Chen J-C, Gnepp DR, Bedrossian CWM (1988) Adenoid cys-

chemical study did not shed any light on the controversy tic clarcinoomaI %f the osallivn\?l% %anld;: an :ngsmgggh%%chemical
iqi i iq analysis. Oral Surg Oral Med Oral Pathol 65:316—

abI(IJUt :tlge g/lsE(;Sorl‘é:];n g;thflchlondBOId é_lgd pl?smacy_toig_ Chomettg G, A_uriol M, Tra_nbaloc_P, Vaillant JM (1982_) Ade-

cells [19, ! ' ! , 41]. N adenold cyslic carcinQ- ;g cystic carcinoma of minor salivary glands. Analysis of 86

mas, on the other hand, the luminal layer increased morecases. Virchows Arch [A] 395:289-301

frequently than the peripheral layer. Consequently, bdth Curran RC, Gregory J (1978) Demonstration of immunoglobu-

the cribriform and the solid structures were frequently (840 TyCeR 8r B ase techniques. Lfects of

made up of luminal cells Wl.th keratin 19'. The occasion- processing on immunohistochemical performance of tissues

ally observed basal cells with only keratin 14 should be and on the use of proteolytic enzymes to unmask antigens in

taken as a reflection of less differentiated state of the lu-sections. J Clin Pathol 31:974-983
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