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Abstract Using a battery of monoclonal antibodies spédbules until 4 weeks after birth. Thereafter, the acini
cific for rat proteins, immunohistochemistry was carriedere established and invested by the MECs. In conclu-
out on the developing myoepithelial cells (MECs) of th&on, immunohistochemistry of calponin an8MA is a

rat major salivary glands. The proteins examined wereuseful tool for identification of the MEC during its earli-
smooth muscle actinaSMA), hl-calponin (calponin), est differentiation, which has hitherto been possible only
keratin 14 (K14),8 subunit of S-100 protein (S-1pY) electron microscopically. In addition, it is suggested that
vimentin and glial fibrillary acidic protein (GFAP). Thethe MEC is heterogeneous and the functionally differen-
MECs exhibited immunoreactivity fonSMA, calponin tiated MEC appears after weaning around acini of the
and K14, but not that for S-1B0vimentin and GFAP. mucous and seromucous glands.

Immunoreactivity foomSMA appeared in the MECs from

the time when the microfilaments were initially deposikey words Alpha-smooth muscle actin - Calponin -

ed in these cells, i.e., at 20 days in utero in the sublingatatin - S-100 protein - Vimentin - Glial fibrillary

and submandibular glands and at birth in the paro#didic proteir:

gland. Calponin immunoreactivity was seen 1 day earlier

than aSMA. The appearance was almost at the same

time as the onset of the MEC differentiation in eadhtroduction

gland. A small number of the MECs expressed weak

K14 immunoreactivity from the time when the acinus-irvlyoepithelial cells (MECs) are found in the secretory
tercalated duct structure was established, i.e., at 21 dayitss of many mammalian exocrine glands such as mam-
in utero in the sublingual gland, at 5 days after birth inary, sweat, lacrimal and salivary glands. They are inter-
the perotid gland and after 5 weeks post-natally in tpesed between the secretory cells and the basal lamina,
submandibular gland. In addition, K14 immunoreactivityontain keratin intermediate filaments (Franke et al. 1980)
was observed in the basal cells of the striated and exened are, therefore, thought to be epithelial in origin. On
tory ducts. The first appearance of K14 in these ceflg other hand, MECs contain a large number of microfi-
again coincided with the emergence of the duct systemiaments or myofilaments, representing massive expression
each gland, i.e., at 20 days in utero in the sublingusdlcontractile proteins such as actin, myosin, calponin and
gland, at 21 days in utero in the submandibular glasaldesmon (Drenckhahn et al. 1977; Longtine et al. 1985;
and at 3 days after birth in the parotid gland. Finally, ti@&ugliotta et al. 1988; Lazard et al. 1993; Deugnier et al.
MECs in all the glands were found to redistribute as the95). These proteins have been considered to be specific
acini matured. As the acini grew rapidly during thearkers for smooth muscle cells. To date, however, there
weaning period in the parotid and the sublingual glandi&ve been few comprehensive studies addressing the ques-
the MECs ceased to surround the acini. Thereafter, thiey of the expression of the epithelium- and smooth mus-
disappeared from the acini in the parotid gland, wherese-specific proteins by developing MECs.

they reappeared in the sublingual gland. In the subman-A number of salivary gland neoplasms have prominent
dibular gland, the MECs were confined to the terminebmponent cells that are named “modified or neoplastic
MECSs”. However, it has not yet been established that they
Y. Ogawa { ]) - S. Yamauchi - A. Ohnishi - R. Ito - N. ljuhin actually originate from MECs because they often lack epi-
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(GFAP; Ellis and Auclair 1996). To gain an insight into thiexed materials were processed according to the method described
histogenesis and morphogenesis of salivary gland tum@fgviously (Ogawa et al. 1992; 1995) and frozen in liquid nitro-

o . . . gen. Paraffin (2-4 um) and frozen (6-12 pum) sections were cut
it is worthwhile to determine whether the developi d mounted on silane-coated glass slides. Paraffin sections were

MECs express the protein markers characteristic of H®araffinized, re-hydrated and immersed in deionized water. Fro-
“neoplastic MECs". Although there have been investigaen sections were air-dried. Both paraffin and frozen sections were

tions into the developmental changes in S-100 protein, tien immersed in 0.01 M phosphate-buffered 0.145 M NaCl (pH

mentin and GFAP expressions in human salivery glahd: PBS) and used forimmunohistochemistry.

(Gustafsson et al. 1988; Lee et al. 1993; Adi et al. 1994;
Chisholm and Adi 1995), systematic time course study wWaght-microscopical immunohistochemistry
difficult with human materials and these descriptions of the

i inti Sections were incubated for 30 min with 0.3%0klto block en-
differentiation of the MEC were sketchy (Redman 1994)'dogenous peroxidase, and then for 30 min with 10% normal rabbit

In this study, we examine the rat major salivaiderm in PBS containing 1% bovine serum albumin (PBS-BSA) to
glands for developmental changes in cytochemically dfiock nonspecific binding. After the serum was wiped away (with-
monstrable immunoreactivity far-smooth muscle actin out washing), the sections were incubated overnight at 4°C with
(aSMA), hil-calponin (calponin), keratin 14 (K14p, o©ne of the primary antibodies, diluted with PBS-BSA, then for 60

: : . . min with biotinylated rabbit anti-mouse immunoglobulins (1:500
subunit of S-100 protein (S-1J) vimentin and GFAP. in PBS-BSA containing 0.5% normal rat serum: DAKO A/S,

The rat was used because thorough morphological ag@strup, Denmark), and finally for 30 min with streptavidin-bio-
lyses have been made on the development of major dalyated horseradish peroxidase reagent (1:100 in PBS; DAKO
vary glands both at light- and electron-microscopic |efxS). Incubation for 3 min with 3;3liaminobenzidine tetrahydro-

; . loride (DAB)-H,0, solution was carried out to visualize the im-
els (Line and Archer 1972; Cutler and Chaudhry 197 unoreaction sites. All the above steps were followed by at least

Redman and Ball 1979; Redman et al. 1980; Norbergi#ke 10-min washes with PBS at 4°C. Sections were counter-

al. 1996). stained with methyl green, dehydrated, and coverslipped with Per-
mount.
Materials and methods Electron-microscopical immunohistochemistry

Male rats older than 1 week of age and pregnant rats of Erezen sections were used for electron-microscopical immunohis-

Sprague-Dawley strain were purchased from Nihon Dohbutsichemistry of S-108, vimentin and GFAP. The indirect immuno-

(Osaka, Japan). Embryos at 18, 19, 20 and 21 embryonic daggspxidase method was carried out as described previously

pups at 0, 1, 3 and 5 days after delivery and 1, 2, 3, 4 and 5 we@Bgawa et al. 1992, 1995). Sections were treated with normal rab-

and adult rats (4—6 months) were killed and examined. All expdrit serum. The serum was wiped away and, without washing, the

ments were reviewed and approved by the Osaka University Fasekttions were incubated with the primary antibody overnight at 4° C.

ty of Dentistry Intramural Animal Use and Care Committee pridfter inactivation of endogenous peroxidase witfO5 solution,

to the study. Each age group consisted of at least three aninthks.sections were incubated overnight at 4° C with peroxidase-

For postnatal examination, only male rats were used. The mooonrjugated rabbit anti-mouse IgG (1:200: DAKO A/S). They were

clonal antibodies used for immunohistochemistry, their dilutiome-fixed with 2.5% glutaraldehyde in PBS for 10 min at 4° C, and

and their sources are listed in Table 1. then serially incubated with DAB (containing 1% dimethyl sulfox-
ide) and DAB-HO, solutions for 30 min and 5 min, respectively.
The sections were washed thoroughly with PBS at 4° C after each

Tissue preparation step. After the final wash, the sections were treated with 1@ O
reduced with 1% KFe(CN) in 0.1 M phosphate buffer (pH 7.4)

Embryos were taken from chloral hydrate (20 mg/100 g b.wfpr 45 min at 4° C. They were dehydrated and embedded in an ep-

anesthetized mothers, and the head-and-necks were remowey.resin (Epok 812; Oken Shoji, Tokyo, Japan). Ultrathin sec-

They were fixed in methacarn (Puchtler et al. 1970; Mitchell et &bns were examined without counterstaining, using a JEOL 2000

1985) for 36 h or 4% paraformaldehyde in 0.1 M phosphate buftexX electron microscope.

(pH 7.4) overnight at 4° C. Postnatal rats were anesthetized with

chloral hydrate, and the submandibular, major sublingual and pa-

rotid glands were removed. They were cut into small tissue blogksntrols and miscellaneous protocols

and fixed in methacarn for 36 h. Some postnatal animals were per-

fused through the left ventricle with the paraformaldehyde fixAlegative controls for immunostaining were performed by substi-

tive. The glands were removed and cut into small tissue blockging the primary antibodies with PBS and normal mouse IgG

They were further fixed in the same fixative overnight at 4° C. (Miles Scientific, Naperville, Ill., USA).

After fixation in methacarn, the head-and-necks and the saliva- For the calponin stain, the above procedure yielded extensive
ry tissue blocks were processed according to the methodnatlear staining of a wide variaty of featal cells including glandu-
Puchtler et al. (1970) and embedded in paraffin. Paraformaldehylde-mesenchymal and epithelial cells, the skeletal muscle fibers

Table 1 Monoclonal antibodies

. 1A4 a-smooth muscle actin 1:1000 Dako A/S, Glostrup, Denmark
2Antibody usable only for hCP H1-calponin 1:2000  Sigma Chemical Co., St. Louis, Mo., USA
methacarn-fixed, paraffin-em- || oppa Keratin 14 1:20 Ylem, Roma, Italy
bedded material SH-B1 B-chain of S-100 protein 1:1000  Sigma
> Antibody usable only for V9 Vimentin 1:500 Dako A/S
paraformaldehyde-fixed, frozen grp Glial fibrillary acidic protein ~ 1:2000  Dako A/S

materia:
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and the cells of the central nervous system. Such nuclear stain mandibular and the sublingual glands but not the parotid

completely suppressed when the buffer system (0.145 M Na iti ini i
was substituted with a hypertonic PBS (0.5-1.0 M). On the ot 'rbg%yg%t?ggét;vsnsiltlalznindga;v; isnouk?[z%ved in any cell type

hand cytoplasmic stain of the adult vascular smooth muscle celts, . L . .
as used for the positive control, was not affected by the hypertonicAt 21 days in utero, lumenization was seen giving rise
PBS. Therefore, we limit our description to the observation on tt@ duct formation in the cellular cords of the parotid
calponin stain resistant to the hypertonic buffer system. land. The differentiating MECs with weak cytoplasmic

The keratin stain yielded only a weak immunoreaction in sm - i ;
number of MECs (see results). To exclude a possibility that met él_lponln immunostaining were sparsely scattered in the

carn fixation interfered with the immunoreactivity, some materigtermost layer of the terminal buds and the small ducts
were processed as un-fixed frozen sections, but the result wasagjacent to them (Fig. 1a; Table 2). During the following

improved (data not shown). few days, there was a rapid increase both in the staining
intensity and the number of stained cells. Consequently,
the calponin-positive MECs occupied a large part of the
Results outer layer of the terminal buds and small ducts (Fig. 1c).

The rat MECs expressed immunoreactivity ecgMA, At Pirth, some of the MECs acquiredSMA immunore-
calponin and K14. The immunoreactivity forSMA. activity (Table 2), and on the following day almost all the

calponin and K14 by the MECs in each gland at each %@ECS a_lt_:r(]quired both C?Ilf%)l\r/]lm amBl_\/If? imrt?ur:r(])reacl—
velopmental stage is summarized in Tables 2—4. $;108//1€S. 'N€ Sequence acquisition by the cal-
vimentin and GFAP were not detected in the MEGQNIN-positive MECs was clearly seen in an alternate se-
throughout the examined developmental period. fies of sections stained for calponin a08MA (Fig.
The morphology of developing rat salivary glands ha@=: ﬁee alst,)o Flng.leg(_:e' 3b—e).tF_rorré > daﬁ a;;ter b'tr.th’
been thoroughly described by several authors (Jac?%ma number o S were stained weakly by anti-
R

and Leeson 1959; Leeson and Booth 1961; Redman antibody (Fig. le; Table 2). By about 1 week, the

Sreebny 1970; Redman and Sreebny 1971; Cutler rdninal buds and the small ducts had differentiated into
Chaudhry 1973{. Redman and Ball 1978) and' will not ini and intercalated ducts, respectively (Table 2). These
detailed. ’ Structures consisted of two layers of cells, i.e., an inner

layer of pyramidal or columnar cells around the lumen

and an outer layer of somewhat flattened MECs that were
Parotid glands (Table 2) positive for calponinaSMA and occasionally K14 (Fig.

1f). After 2 weeks, there was a marked increase in the
At 18 days in utero, the developing salivery glands cosize of the acini and acinar cells, and the MECs showed
sisted of cellular cords terminating in clusters of celés elongated profile (Fig. 1g). By 3 weeks, the number of
called terminal buds (Redman et al. 1980). Lumenizatite MECs had decreased around the acini (Table 2). A 4
had already occurred in these structures both in the swbeks, when the developing gland assumed a morpholo-

Table 2 Relative intensity of expression of smooth muscle and epithelial markers by myoepithelial cells in the developing par:tid gland

Age aSMA2 H1-calponin Keratin 14

Prenatal Terminal bud+small duct Terminal bud+small duct Terminal bud+small duct

18 Days in utero 0 0 0

19 Days in utero 0 0 0

20 Days in utero 0 0 0

21 Days in utero 0 + 0

Postnatal

0 Day + + 0

1 Day ++ ++ 0
Immature Small Immature Small Immature Small
acinus duct acinus duct actinus duct

3 Days ++ ++ ++ ++ 0 0

5 Days ++ ++ ++ ++ + +
Acinus Intercalated Acinus Intercalated Acinus Intercalated

duct duct duct

1 Week ++ ++ ++ ++ + +

2 Weeks ++ ++ ++ ++ + +

3 Weeks +¥ ++ ++b ++ +b +

4 Weeks 0 ++ 0 ++ 0 +

5 Weeks 0 ++ 0 ++ 0 +

Adult 0 ++ 0 ++ 0 +

aaSMA, a-smooth muscle actin
b The number of the positive cells is smaller than in the previous stage
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Table 3 Relative intensity of expression of smooth muscle and epithelial markers by myoepithelial cells in the developing submandib-
ular glanc

Age aSMA2 H1-calponin Keratin 14

Prenatal Terminal tubule Terminal tubule Terminal tubule

18 Days in utero 0 0 0

19 Days in utero 0 + 0

20 Days in utero + + 0

21 Days in utero ++ ++ 0

Postnatal

0 Day ++ ++ 0

1 Day ++ ++ 0

3 Days ++ ++ 0

5 Days ++ ++ 0
Immature Terminal Immature Terminal Immature Terminal
actinus tubule acinus tubule acinus tubule

1 Weeks 0 ++ 0 ++ 0 0

2 Weeks 0 ++ 0 ++ 0 0

3 Weeks 0 ++ 0 ++ 0 0

4 Weeks 0 ++ 0 ++ 0 0
Acinus Intercalated Acinus Intercalated Acinus Intercalated

duct duct duct
5 Weeks +4 ++ ++b ++ 0 0
Adult ++ ++ ++ ++ + +

aaSMA, a-smooth muscle actin
b The number of the positive cells is smaller than in the following tage

gy almost indistinguishable from the adult one, the ME@zation in the terminal buds had already occurred and
no longer embraced the acini (Fig. 1h; Table 2). Theregiven rise to elongated, two-cell-layered structures — the
ter, the MECs positive for calponiaSMA and occasion- terminal tubules (Jacoby and Leeson 1959). The differ-
ally K14 were present as narrow bands around and alemgiating MECs were recognized as cells with weak cal-
the intercalated ducts (Fig. 1i, j). ponin immunostaining. They were scattered in the outer
layer of the terminal tubules (Fig. 2 a; Table 3). The cal-
ponin-positive MECs rapidly increased, thereafter, both
Submandibular gland (Table 3) in staining intensity and number of the stained cells. In
addition, some MECs acquirecSMA immunoreactivity
In the submandibular gland, the first sign of MEC diffeat 20 days in utero (Fig. 2b, c; Table 3). By birth, all the
entiation was detected at 19 days in utero when lumeatponin-positive MECs appeared to have acquired
aSMA immunoreactivity (Fig. 2d, e).

_ _ _ _ _ Unlike the parotid gland, the submandibular gland had a
g)‘(ge- dlﬁ‘rﬁéﬁgggr%peégi“‘;ﬁ; (r::'siti?cggmf\t% Oé r?_thF)’?E’i'g (ge'a”qﬂEC lining covering the intercalated duct as well as the
). Sections were Coum%rstaihea With methyi g’r@em’ Days in acini in the adulthood. However, maturation of acini pro-
utero. MECs weakly positive for calponin are seen sporadicallydf€ssed much more slowly than in the tubular system.
the outer layer of terminal buds and small ducts adjacent to thetEC lining was confined to the terminal tubules in neo-
(arrowhead$. b Newborn. For the first time, MECs expreésSMA  nates (Fig. 2f; Table 3). At 4 weeks the intercalated duct

immunoreactivity &rrowhead$. c, d 1 Day postnatally. Serial sec- s the only structure invested by the MECs (Fig. 2g),

tions. Calponin-positive MECs occupy large parts of the outer Ia%%ﬁ. AP T - :
of terminal buds and small ducts).(Aimost all of these cells ex- While the acini still lacked the lining. The acinar MEC lin-

pressaSMA immunoreactivity ). e 1 Week. A small number of ing first appeared between 4 and 5 weeks, but was much
MECs express weak K14 immunoreactivigrowhead$. Basal |ess extensive than in the adult (Fig. 2h; Table 3). K14 im-

cells of striated ducts also express weak K14 immunoreactarity ( P ; ;
rowsin inse). f 1 Week. Terminal buds and small ducts have differ?[lunoreacwlty was not detected in MECs at or earlier than

entiated into acini and intercalated ducts, respectively. Outer lage€eks (Table 3). In the adult submandibular gland, both
of these structures consist @SMA-positive MECs. NoteiSMA-  the intercalated ducts and the acini were invested by the

positive vascular wallsdpuble arrow} g 2 Weeks. As acini and MECs, which occasionally expressed weak K14 immuno-

acinar cells increase, the gland becomes compact. MECs still i i i) i iti i
round both acini and intercalated dudis4 Weeks. Developing ?BthIVIty (Fig. 2i-k) in addition to calpoint anEMA.

gland is almost indistinguishable from adult one. MECs almost ex-
clusively enclose intercalated ducfs.j Adult. MECs are seen :

along intercalated ducts. They are positive for calpajjrmEMA Sublingual gland (Table 4)

and occasionally K14j). k Adult. Negative control — normal . - . . .
mouse IgG was substituted for the primary antibo8p étriated 1 he MEC differentiation and its expression of calponin
duct,ID intercalated ductBars25 pm (x32C} andaSMA in the sublingual gland showed a time course
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Table 4 Relative intensity of expression of smooth muscle and epithelial markers by myoepithelial cells in the developing subtid:ual gla

Age aSMAa H1-calponin Keratin 14

Prenatal Immature Small Immature Small Immature Small
acinus duct acinus duct acinus duct

18 Days in utero 0 0 0 0 0 0

19 Days in utero 0 0 * + 0 0

20 Days in utero + + + + 0 0

21 Days in utero ++ ++ ++ ++ + +

Postnatal
Acinus Intercalated Acinus Intercalated Acinus Intercalated

duct duct duct

0 Day ++ ++ ++ ++ + +

1 Day ++ ++ ++ ++ + +

3 Days ++ ++ ++ ++ + +

5 Days ++ ++ ++ ++ + +

1 Weeks ++ ++ ++ ++ + +

2 Weeks ++ ++ ++ ++ + +

3 Weeks +# ++ ++b ++ +b +

4 Weeks 0 ++ 0 ++ 0 +

5 Weeks +¥4 ++ ++b ++ +b +

Adult ++ ++ ++ ++ + +

aaSMA, a-smooth muscle actin
b The number of the positive cells is smaller than in the previous or the following stage

similar to that in the submandibular gland. The MEC di21 days in utero (Fig. 3f; Table 4). At birth, the gland
ferentiation was first detected at 19 days in utero whiead the general over-all appearance of the adult gland
calponin-positive MECs were sparsely distributed in thgth all the three immunohistological markers expressed
outer layer of the developing acini and small ducts duoly the MECs. The mucous acini capped with the serous
joining them (Fig. 3a; Table 4). The calponin-positivdemilunes and the intercalated ducts had been estab-
MECs increased thereafter. At 20 day in utero when tihed already (Table 4). However, the acini were still
acini had considerably developed and numerous mucagrsaller than in the adult and more loosely arranged with-
secreting cells had appeared, some of the MECs acquirethe lobule. After birth, the number of the MECs in-
aSMA immunoreactivity (Fig. 3b, c¢; Table 4). The numereased and, at 2 weeks, the acini (Fig. 3g) and the inter-
ber of the MECs positive fonSMA increased and by calated ducts appeared to be fully invested by the MECs.
birth all the calponin-positive MECs appeared to expreBstween 2 and 4 weeks there was a rapid increase in size
aSMA immunoreactivity (Fig. 3d, e). Unlike in the otheof the acini and acinar cells. By 4 weeks, the whole
two major salivary glands, a small number of MECs bgland appeared compact and was similar to the adult
gan to express weak K14 immunoreactivity as early gland. At this stage, the number of the MECs around aci-

ni decreased sharply (Fig. 3h) and thereafter increased

slowly again (Table 4). The MEC rimming of the acinus

Fig. 2a—k Immunoperoxidase histochemistry of rat submandib@t 5 weeks was weaker thar_‘ in the adult (Fig. 3i; Tab_|e_
lar glands fixed in methacarn. Calponim b, d, j); aSMA (c, e, 4). In the adult gland, both intercalated ducts and acini

f); K14 (). Sections were counterstained with methyl green.yere invested by the MECs, which were positive for cal-
19 Days in utero. MECs are recognized as cells weakly posit

for calponin in the outer layer of terminal tubulasr@wheads. b, EfSnln,O(SMA and occasionally K14 (Fig. 3], k).

¢ 20 Days in utero. Serial sections. Calponin-positive MECs have

increased, and some of them expreSMA immunoreactivity

(double arrowheads Arrowheads indicate calponin-positive, Alpha-smooth muscle actin, calponin

aSMA-negative MECsd, e Newborn. Serial sections. All the cal-and keratin 14 in cells other than MECs

ponin-positive MECs appear to expresSMA immunoreactivity.

f 3 Weeks postnatally. Acinar cells and acini are budding out from ) o )
terminal tubules. MECs are observed in terminal tubides\- Antibodies to botttSMA and calponin intensely stained
head$ but not in developing acini (*)g 4 Weeks. Acini are well the smooth muscle cells of the vascular walls in addition

developed. Most terminal tubules have developed into intercal i i i i i
ducts, which are the only structures invested by MBCGsWeeks. *t6the MECs in the salivary glands (Figs. 1, 2i, J, 39, ).

In addition to intercalated ducts, some parts of acini are rimmed K14 immunoreactivity was seen in the cells at the
with MECs.i—k Adult. MECs that enclose both acini and intercgouter or basal layer of the striated and the excretory duct
lated ducts express immunoreactivity fo8MA (i), calponin [) epithelium of all the adult glands (Figs. 2k, 3k). The on-

and occasionally K14afrowheadsin k). Basal cells of interlobu- set of K14 immunostaining in the duct cells was different
lar striated duct also express K14 immunoreactivitpdtin k).

Note aSMA- and calponin-positive vascular waltso(ble arrows among the three glands examln_ed. K14 immunoreactivi-
in i andj) (GD convoluted granular ductBars 25 um é-e, ik ty in the cells located at the periphery of large ducts was
x320;f-h x480) first detected at 20 days in utero in the sublingual gland,
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at 21 days in utero in the submandibular gland and at 3S-10@ and GFAP immunostainings were observed in
days after birth in the parotid gland. These cells soon defrve bundles and their branches in the interlobular and
veloped into the basal cells of the striated and the exdrgralobular connective tissues (Fig. 5c). In the fetal ma-
tory ducts, and continued to express K14 (Figs. 1e, 3f)terial where the entire head and neck region was exam-

The skin and the oral epithelium in the fetal materialsed, S-10@ immunostaining was also seen in the brain,
were also positive for K14. In the skin, K14 immunceartilage, skin, oral mucosa and skeletal muscle, and
staining was confined to the basal cells of the epiderm@&FAP staining in the brain. Anti-vimentin antibody
The staining intensity increased between 19 and 20 dataned almost all the above non-epithelial elements. In
in utero (Fig. 4a, b). In contrast, K14 immunostainingddition, all the connective tissue elements were stained
was almost absent in the growing hair follicles (Fig. 4fnr vimentin (Fig. 5d). Though round-to-elongated struc-
b). These features are consistent with those describedurgs positive for the antibodies against Sf,06FAP
Kopan and Fuchs (1989). Though K14 immunostainimgd vimentin were sometimes closely associated with the
in the oral epithelium was seen throughout its thicknessjni and the intercalated ducts, the immunoelectron mi-
the staining intensity was strongest in the basal layer jogiscopy confirmed that they were not epithelial (com-
before birth (Fig. 4c). This staining pattern was similgare Fig. 5d and 5e).
to that reported for adult human oral epithelium (Wil-
liams et al. 1991; Su et al. 1993).

Negative controls

Localization of3 subunit of S-100 protein, No staining was seen when tissue sections were stained
vimentin and glial fibrillary acidic protein with PBS on normal mouse IgG (Figs. 1k, 3I).

Only S-10B immunostaining was seen in the salivary
epithelia. In the adult glands, weak S-fOinmuno- Discussion
staining was seen in the inner or luminal cells of the stri-
ated and the excretory ducts. The convoluted granWse used two smooth muscle-cell-specific antigen mark-
duct epithelium in the submandibular gland also exhibérs for identification of MECs in the developing rat sali-
ed S-10@ staining (Fig. 5a). S-1@immunostaining vary glands, namelg SMA and hl-calponin. Among the
firstly appeared in the cells lining the lumen of the dugisesently identified six primary isoforms of acttGMA
larger than those adjacent to the rudimental secretbps been recognized as a specific marker expressed by
structures at 20 days in utero in the submandibular ahd smooth muscle cells (reviewed Rubenstein 1990; Ka-
sublingual glands, and at birth in the parotid glandsch and Vandekerckhove 1992). During the smooth
These ducts later developed into the striated and the raxiscle cell differentiation, the onset of expression of
cretory ducts (Fig. 5b). The convoluted granular ducts@$MA precedes that of another smooth muscle-specific
the submandibular gland appear from a portion of tlmactinySMA (Ruzicka and Schwartz 1988, Sawtell and
striated ducts next to the intercalated ducts after 5 weekssard 1989; McHugh et al. 1991). H1-calponin, on the
after birth (Jacoby and Leeson 1959). other hand, is considered to be a smooth muscle-cell-
specific genomic clone of calponin (Gimona et al. 1990;
Strasser et al. 1993; Applegate et al. 1994; Maguchi et
Fig. 3a—l Immunopberoxi histochemistry of rat sublingudl- 1995). This basic protein was first isolated from the
g.gngi‘ﬁxed in”m%ﬁ’ﬁa‘éaf’n"’,‘séamonm b, d,j);)éxSMA (c e g_i);g chicken gizzard (Takahashi et al. 1986; Takahashi and
K14 (f, k). Sections were counterstained with methyl greeb9 Nadal-Ginard 1991), and is known to control smooth
Efaé’z\jglgt?rqo-a%ﬁl?g%*gg?ﬁi‘geugfgg. g;ﬁnsefh”e;?récv%ggé‘;f laygliscle contraction by binding to actin, tropomyosin and
b, c 20 D%ysgin utero. Serial sections.JAcinighave developed a% Imodul_ln (Winder and Walsh 1990; EI-M_e_ZgueIdl
mucous-secreting cells have appeared. Some calponin-posifi#d6; Winder and Walsh 1996). Immunoreactivities for
MECs expressiSMA immunoreactivity double arrowheads but these markers are known to be highly expressed by
others do notgrrowhead$. d, e Newborn. The gland is similar to MECs of various human and rat glands (Frid et al. 1992;

but less compact than adult gland. Almost all the calponin-positiv . ; .
MECs expresstSMA immunoreactivityf Newborn. Some MECs Fézard et al. 1993; Deugnier et al. 1995; Masuda et al.

express K14 immunoreactivitafowheads. Basal cells of inter- 1996; Fukui et al. 1997). _

lobular striated duct also express K14 immunoreactiztyo(vs). Before this study, electron microscopy was the most
g 2 Weeks postnatally. The number of MECs has increased. Agieinsitive method for identifying salivary gland MECs

appear to be fully invested by them. A vascular wall is positive fﬂUring their earliest differentiation (Cutler and Chaudhry

aSMA (double arrow. h 3 Weeks. With a rapid increase in th . .
size of acini and acinar cells, the number of MECs around ag'r%73a' Redman and Ball 1979; Redman et al. 1980). Ac-

decreases precipitously5 Weeks. The number of MECs has incording to these authors, initial deposition of microfila-
creased around acini. Vascular walls are positiaigle arrowy. ments in the MECs was observed at 20 days in utero in
j, k Adult. Acini are fully invested by MECs that are positive fofhe sublingual gland, at 21 days in utero in the subman-

calponin |), aSMA and occasionally K14a¢rowheadsn k). Bas- ; T :
al cells of interlobular striated duct also express K14 immunore bular gland and at 1 day after birth in the parotid gland.

tivity (arrows). | Adult. Negative control (normal mouse IgG was’revious histochemical studies using actomyosin and al-
substituted for the primary antibodyars 25 um (x32C; kaline phosphatase activity as probes identified differen-
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Fig. 4a—c Immunoperoxidase histochemistry of keratin. Tissueskin epidermis. This pair is also expressed in a number
were fixed in methacarn. Sections were counterstained with mefp-nonstratified squamous epithelia, in reticular cells and

yl green.a, b Skin from rat embryos at 19 days in uteap énd 20 ) : :
days in uterolf). K14 imunostaining is confined to basal epiderHasseIS corpuscle of thymus, and in parathyroid gland

mal cells. The staining is more intense in embryo at 20 days(frichs 1996). In human mammary, sweat and salivary
utero. Note absence of the staining in growing hair follickes ( glands, the MECs are stained by antibody specific for

rows). ¢ Oral mucosa of embryo at 21 days in utero. K14 immung:14 (Dairkee et al. 1985; Burns et al. 1988; Dardick et
staining is strong in the basal epithelial celars25 um (x32C 5 1988). In addition, immunostaining for K14 is also
seen in the basal cells of the striated and excretory ducts
of human salivary glands (Burns et al. 1988; Dardick et
tiating salivary gland MECs only after the onset of eleat. 1988). The present study demonstrated that both the
tron microscopically detectable deposition of microfildMECs and the ductal basal epithelia expressed immuno-
ments (Line and Archer 1972; Redman and Ball 197%@activity for K14 in the rat salivary glands as well.
Redman et al. 1980). ThereforeSMA and calponin  In the developing MECs, K14 immunoreactivity first
used in this study appear to be the known chemieglpeared at 21 days in utero in the sublingual gland, at 5
markers that are expressed earliest during MEC differglays after birth in the parotid gland and after 5 weeks
tiation. postnatally in the submandibular gland. These onsets
Our immunohistochemistry first detected myoepitheorrespond to the establishment of the acinus-intercalat-
lial aSMA at 20 days in utero in the sublingual and subd duct structure in each gland (Jacoby and Leeson
mandibular glands and at birth in the parotid gland. Th859; Redman and Sreebny 1971; Redman and Ball
immunohistochemically detectable onseta8MA ex- 1978). The onset of K14 immunoreactivity expression by
pression thus coincided with or even preceded slighthe basal epithelia of ducts was also almost simultaneous
the reported appearance of microfilament depositiaith the emergence of the duct system (Jadoby and Lee-
(Line and Archer 1972; Redman and Ball 1979; Redmson 1959; Leeson and Booth 1961; Redman and Sreebny
et al. 1980). Moreover, calponin expression definitel970; Cutler and Chaudhry 1975; Taga and Sesso 1979).
preceded thetSMA and microfilament deposition. Cal- K14 immunostaining in MECs was weak, and the
ponin in the early differentiating MECs has been sugumber of stained cells was small. Therefore, it seems
gested to play a role in actin polymerization and in makkely that there are two cell types in the salivary gland
ing up actin filament bundles (Kake et al. 1995; KolMECs, i.e., the K14-positive and the K14-negative types.
kowski et al. 1995). Our histochemistry appears to havethe rat submandibular and sublingual glands, breach-
detected the smooth muscle cell markers, especially ¢afy of the basal lamina was observed in the terminal
ponin, in MECs before the onset of actin polymerizatiobuds that are composed of undifferentiated cells (Cutler
Later detection by actin immunohistochemistry of parand Chaudhry 1973b; Redman and Ball 1979). There-
id gland MECs by Norberg et al. (1996) appears soldtye, it may well be that some MECs without K14 is de-
due to the lower sensitivity of the primary antibody usetyed from the rudiments seeded by mesenchymal cells at
(reviewed Mooseker and Cheney 1995). this early developmental stage. We are now conducting a
MECs are believed to be of epithelial origin and hagtudy to examine the expression of other keratin proteins
keratin intermediate filaments (Franke et al. 1980). Thdrg the MEC.
are at least 20 distinct keratins in the epithelial cells. A great number of studies have shown that “neoplas-
They are classified into two sequence types (I and lii; MECs” expressed immunoreactivity for S-100 pro-
which are typically coexpressed as specific pairs (tein, vimentin and GFAP (Caselitz et al. 1981; Hara et al.
viewed Fuchs and Weber 1994). K14 is a 50 kDa typ&983; Achtstatter et al. 1986, to mention a few). On the
keratin and, along with the the type Il partner K5, constither hand, the immunoreactivity for these proteins in
tutes keratin intermediate filaments in the basal cellsrairmal MECs has recently been questioned (reviewed



Fig. 5 Light microscopic

(a—d) and electron microscopic
(e) immunoperoxidase histo-
chemistry of rat salivary glands
fixed in 4% paralformaldehyde
(a, b, e) and methacarrc(d).
S-10@ (a, b); GFAP ¢); vi-
mentin @, e). a Submandibular
gland of adult rat. Luminal
cells of striated ducts express
S-10@ immunostaining. The
staining appears to be intense
in their luminal cytoplasm.
Convoluted granular duct cells
also exhibit weak S-1@stain-
ing. Intercalated duct is nega-
tive. b Sublingual gland of
1-day-old rat. Luminal cells of
striated ducts express S-100
immunostaining. The staining
appears to be confined to the
luminal cytoplasmc Subman-
dibular gland of adult rat.
Nerve bundles in interlobular
connective tissue is positive for
GFAP.d, e Submandibular
gland of adult ratd) and parot-
id gland of 2-week-old rag].
Almost all the connective tissue
elements appear to be positive
for vimentin @). Although it is
not obvious from this staining
if some of them are epithelial
in origin, by electron microsco-
py, it is clear that they are not
epithelial cells €). Note basal
lamina @rrowheadsn €). Bars
a—d 25 pm (x320)e 1 um
(x12000;
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Ellis and Auclair 1996). To our knowledge, Hara et alibular glands. The pure serous saliva with a low viscosi-
(1983) is the only example that unequivocally demoty does not seem to require this additional MEC support
strated the immunoreactivity for S-1®t the MECs of for secretion, hence the absence of acinar MECs in the
the submandibular gland. Other investigators demauult parotid gland. In this context, the acinar MECs in
strated S-100 immunoreactivity in ducts and/or acindeveloping parotid gland may not provide a mechanical
cells but not in MECs of normal salivary glands (Molisupport for secretion. It may merely represent a transient
et al. 1984; Hashimoto et al. 1992; Lee et al. 1993; Chésgpression of the immature MEC phenotype that accom-
holm and Adi 1995). Vimentin and GFAP have not begranies the initial differentiation of intercalated ducts and
demonstrated in normal MECs with any certainty, eithecini from their common precursors. Before full matura-
Similarly, the present study did not detect any immuntien, therefore, the acinar MECs disappeared from the
reactivity for these proteins in MECs in any of the majparotid gland.
salivary glands, irrespective of the developmental stage.Temporal and morphologic patterns of sublingual
We observed immunoreactivity for S-I0t the convo- gland histogenesis resembled those of the parotid gland;
luted granular and striated duct cells and their precurger, acinar and duct cell precursors began to differentiate
cells. The distribution and time course of developmentfoém their common precursors (cord-forming cells) as
the ductal S-10®in this study agree well with previousearly as at 19 days in utero. Although acinar cells mor-
reports for S-100 and/or S-10B8 (Molin et al. 1984; phologically similar to mucous cells increased perinatal-
Lee et al. 1993). ly, a substantial proportion of acinar cells assumed a
Finally, we should briefly refer to the growth-assocmorphology similar to serous cells (Leeson and Booth
ated changes in distribution of MECs around the dev&B61) and salivary secretion appeared to be subtle in
oping acini. To date, topographic changes in MEC distsuckling rats (Schneyer and Hall 1968; Martinez and
bution has been reported only for the parotid gland. TBamden 1983). Therefore, the increase and decrease of
presently demonstrated MECs in the parotid gland rapiohmature sublingual MECs do not appear related to the
ly increased around the terminal buds and proximal dustgportive secretory function assumed by their mature
perinatally. When the buds differentiated to immature amsunterparts. Indeed, it is after weaning that the MECs
ini at about 1 week, the acinus was thoroughly investestlistributed to the acinus and the demilunes markedly
by a monolayer of MECs. The MECs surrounding ttiecrease (Leeson and Booth 1961). The re-appeared aci-
developing acini began to decrease at about 3 wealar, MECs seem to be of the mature type and support
that approximately corresponds the time of weaningyblingual salivary secretion. As for the submandibular
and completely disappeared by maturity. Therefore, thkand, the histogenetic pattern was considerably different
time course coincided fairly well with the report by Redrom those of the other two glands. The acinar differenti-
man et al. (1980). On the other hand the developmeratabn began much later and was not accompanied by a
changes in topographic distribution of MECs has nwoansient appearance of imamture MECs. However, the
been investigated in such detail in the sublingual aethergence of mature acinar MECs was similar in time
submandibular glands. In these, the topographic as wafter 4 weeks) to that in the sublingual gland.
as temporal patterns of MEC redistribution were entirely In summary, smooth muscle market'SMA and cal-
different from each other and from those in the parofinin, an epithelial marker K14, and salivary gland tu-
gland. As in the parotid, the sublingual MECs increasetbr markers S-1(%) vimentin and GFAP were immuno-
to fully invest the developing acinus, and then decreasegtochemically examined in the salivery glandular MECs
Unlike in the parotid, however, the sublingual MECs irof developing and mature rat salivery glands. None of
creased again and the adult acinus regained the fullthre examined tumor marker was detected in the MEC ir-
vestment by a monolayer of MECs. In the submandibulaspective of the developmental stage. Bo§MA and
gland, appearance of MECs around the submandibwdalponin were detected in virtually all the MECs. Im-
acinus was very late compared to the other two salivanyinohistochemically detectable calponin was the earli-
glands. At 4 weeks when the acini were well developezst expressed marker for the MEC, while the onset of
MEC lining has not yet appeared. It was after 4 weetSMA expression was slightly delayed (by about 1 day).
that MECs first appeared around the acinus, but the addl#l was expressed in a part of the MECs, starting when
acini were completely covered by MECs. the acinus-intercalated duct structure was established.
What is the functional significance of MEC redistriThe adult MECs were subdivided into two categories on
bution in the sublingual and late appearance in the sthe basis of K14 expression (the K14-positive and -nega-
mandibular acini? It is widely accepted in the adult thiite types) suggesting a possibility that the some MECs
the hydrodynamic property of saliva is related to tiveere derived from epithelial cells while others were
presence and absence of MECs in the salivary gland asésenchymal in origin. Although developing intercalat-
ni. MECs are known to assist salivary secretion by coed ducts of all the three major salivary glands acquired
pressing the underlying parenchyma and/or by providiMEC lining prenatally, the developmental patterns of ac-
tensile support for the basis of the acini (Garret and Eimar MECs varied between the three glands. In the parot-
melin 1979; Redman 1994). These functions are prolxh-gland, acinar MECs appeared only transiently before
bly important for the viscous saliva to pass through naveaning and completely disappeared at maturity. In the
row and tortuous channels in the sublingual and submanblingual gland, they showed a similar transient in-
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crease before and decrease during weaning. After wefaushs E (1996) The cytoskeleton and disease: genetic disorders of
ing, however, the sublingual acinar MECs re-increased tointermediate filaments. Annu Rev Genet 30:197-231

. . . . . hs E, Weber K (1994) Intermediate filaments: structure, dy-
cover the entire acinus at maturity. Submandibular acnl\:éffnamic& function. and disease. Anmu Rev Biochem 63:345.382

MECs were seen only after the weaning period and fullykui Y, Masuda H, Takagi M, Takahashi K, Kiyokane K (1997)
invested the adult acinus. The presence of h2-calponin in human keratinocyte. J Derma-
tol Sci 14:29-36
Garret JR, Emmelin N (1979) Activities of salivary myoepithelial
cells: a review. Med Biol 57:1-28
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