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In order to investigate the histogenesis of salivary
glands and their tumours, exploration of stem cells
is regarded to be a fundamental issue. There is little
doubt that the parotid gland arises from the stomo-
deum and is therefore of ectodermal derivation.
However, the sublingual and submandibular glands
remain somewhat obscure as to their derivation, but
probably are ectodermally based, contrary to lingual
glands (including von Ebner's glands) which are un-
doubtedly endodermal derivatives (Avery, 1987 Bat—
sakis, 1980).

The frequency of occurrence of salivary gland
tumors has been shown to greatly vary among
major salivary glands and histopathological type of
tumors. Those differences are probably related to
the histologic varieties of prenatal developing sali-
vary glands. Compared to the development of rat or
mouse salivary glands, which are differentiated pre—
dominantly postnatally (Takai et al., 1985), the devel~
opment of human salivary glands has not been
elucidated in detail.

1. Development of salivary glands and histolo-
gical scoring

In order to estimate the developmental stage of
fetal salivary glands, incremental scores for glan-
dular structures from each salivary gland were made
(Lee et al. 1980 a,b). A total of 70 aborted human
fetuses, confirmed as normal by histopathological
examination, were obtained from the files of the
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RCM (Registration of Congenital Malformation, De-
partment of Pathology, Seoul National University
Children's Hospital, Seoul, Korea). Their gestational
ages ranged from 10 weeks to 40 weeks. The tissue
bank included 57 parotid, 60 submandibular and 51
sublingual glands, fixed in 10% neutral formalin.
Serial paraffin sections of 4 um were used for im—
munohistochemical studies and to identify histologic
features using HE and PAS stain. The excretory
ducts, striated ducts, intercalated ducts and acinar
cells were observed in different developmental
stages, each exhibiting characteristic histology. Two
early stages in fetal salivary gland development
were added for the purpose of descriptive repre-
sentation.

The development stages of salivary glands were
estimated using the criteria for developmental scor-
ing of tissue elements of salivary glands listed in
Table 1.

Excretory ducts : In the excretory duct, score 1 is
for the initial stage of growth of cord-like strands in
salivary gland mesenchyme. Score 2 is for the stage
of luminalization with the appearance of inner ductal
cell arangemet in the main stalk of the salivary
epithelium. Score 3 is the appearance of inner
ductal cell arrangement in the main stalk of the
salivary epithelium. Score 3 is for the stage of ductal
development in the extra-lobular space. Score 4 is
for the thickened excretory ductal epithelium com-—
posed of 3 to 4 cell layers(stratification) and shows
prominent vascular proliferation around the excretory
duct. Score 5 is for the stage of the differentiation of
vascular proliferation around the excretory duct.
Score 5 is for the stage of the differentiation of inner
duct cells into columnar cells with abundant apical
cytoplasm. Score 6 is for the stage of maturation of
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Table 1. Histological scores for the chservation of developing major salivary glands.

A. Excretory duct

1. Cord-like epithelial strands grow deeply into the salivary gland mesenchyms making several branches.
Luminalization begins from the distal ubules, and there appears the arrangement of an inner ductal cell laver.
A 2-cell layer ducta! structure composed of inner columnar cell layer and outer cuboidal cell layer usually prominent in the exira-lobular

space.

vicinity of the duct.

Inner ductal cells show columnar nuciel and abundant apical cytoplasm, and the outer ductal cell is cuboidal in shape.
Mature excretory ducts show a well aligned columnar inner cell layer and a slightly columnar basal cell layer with a conspicuous
basement membrane. The distal side of the excretory duct disclosas and increased multi-cell layer of ductal epithelium compared
to the proximal side excretory duct which is usually located in the interlobular space.

B. Striated duct

DOk wrn—

in the basal area.
C. Intercalated duct

WD —

becomes conspicuous.

D. Acinar cells

. Knob-like bulging of the proximal epithelium.
. Several terminal bulb-like structure formad.

. The primitive acini obtain an alveolar pattern.
. Initial acinic cell differontiation.

. Moderate acinic cell differentiation.

. Complete acinic cell differentiation.

S On IO Ry —

2.
3.
4. The ducts thicken and become 3 to 4-cell layer ducial structure in the interlobular space.  Abundant vascularity appears in the
5.
6.

. CorcHike epithelial strands grow deeply into salivary gland mesenchyme making several branches.

. Luminalization begins from the distal tubules and there appears the arrangement of an inner ductal cell layer.

A 2-cell layer ductal structure composed of inner and outer cuboidal ¢ell seen in the intralobular space.

. The duct becomes elongated and convoluted. Abundant vascularity appears in the vicinity of the duct.

. Inner ductal cells show columnar nuclei and abundani apical cytoplasm, and the outer cuboidal ductal cells decrease in number.
. Mature striated ducts lined by a layer of tall columnar cells with definite basement membrane. Occasionally polyhedral cells found

. Club-like epithelial sirands grow deeply into salivary gland mesenchyme making several terminal epithelial bulbs.

. Luminalization begins from the distal tubules and there appears the arrangement of an inner ductal cell layer.

. A 1-cell layer ductal structure in direct connection with acini.

. Single layered inner ductal cells are cuboidal in shape and infrequently surrounded by flaitened basal cells.

. A 2-cell laver ductal structure composed of inner cubsidal cells and outer flattened cells.

. Mature intercalated dusts congist of a definite cuboidal cell laver and frequent outer polvhedral cells. The basement membrane

the excretrory duct including the presence of a
conspicuous basement membrane.

Striated ducts : In the striated duct, score 1 is for
the initial stage of cord-like epithelial strands. Score
2 is for the stage of luminalization with the ap-
pearance of an inner ductal cell arrangement, usu-
ally in the branched ductal epithelium. Score 3 is for
the stage of a 2-cell layer ductal structure, usually
in the intralobular space. Score 4 is for the stage of
elongation and convolution of the striated duct and
abundant capillary proliferation. Score 5 is for the
stage of differentiation of inner ductal celis into tall
columnar cells, resulting in the outer basal cells
becoming reduced in number. Score 6 is for the
maturation of the striated duct which consists of
almost 1-cell layer with a conspicuous basement
membrane. There were infrequently found polyhedral
cells in the basal area of the duct.

Intercalated ducts: In the intercalated duct, score

1 is for the initial stage of club-like epithelial pro—
liferation in the terminal branches. Score 2 is for the
stage of luminalization with the appearance of an
inner ductal cell nests. Score 3 is for the stage of
1-cell layer ductal structure connected with the
terminal bulging of the acini. Score 4 is for the stage
of proliferation of the ducial cells, resulling in the
inner ductal cells being surrounded by flattened
outer cells. Score 5 is for the stage of differentiation
of duct cells into inner luminal cells of cuboidal
shape and outer basal cell of a flattened shape.
Score 6 is for the stage of maturaiion of the

" intercalated duct which is composed of cuboidal

luminal cells and flattened basal cells with a con-
spicuous basement membrane.

Acinar cells: In the acinar compartment score 1
is for the stage of initial knob-like bulging of the
proximal epithelium. Score 2 is for the stage of
multiple bulb-like formations in terminal epithelium.
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Score 3 is for the stage of occurrence of primitive
acini having an alveolar arrangement. Score 4 is for
the stage of initial acinar cell differentiation in the
glandular lobules. Score 5 is for the stage of mod-
erate acinar cell differentiation in the glandular lob—
ules. Score 6 is for the stage of amost complete
differentiation of acinar cells.

In summary, the excretory ducts were charac-
terized by the most rapid maturation compared with
others. Excretory duct maturation was identified pre-
dominantly by the stratification of ductal epithelium
and by the cytodifferentiation of luminal epithelium.
Excretory duct maturation took place from about 24
to 25 weeks of gestation in all major salivary gland.
The striated ducts were principally composed of 2
cell layers in the eary fetal period ; inner luminal
cells and outer basal cells. A characteristic of stri-
ated duct maturation was that the luminal ductal
cells gradually developed into tall luminal cells
occupying the whole ductal thickness and forming a
basement membrane along the basal border. With
maturation, the number of ductal basal cells grad-
ually decreased. The striated ducts of sublingual
glands began to mature from 26 weeks of gestation.
From 31 weeks of gestation, the striated duct was
dilated similar to the excretory duct and became
indistinguishable in histologic preparations. The stri—
ated ducts in submandibular and parotid glands also
began to mature from 28 to 29 weeks of gestation
and were characterized by a tall columnar single cell
layer. The intercalated ducts continued to proliferate
until 31 weeks of gestation in the sublingual glands,
38 weeks in submandibular gland, and 39 weeks in
parotid gland. The acinar development was remark—
ably comparable with the PAS stainability. The sub-
lingual gland, composed of mucous acini, showed a
maximum reaction with PAS staining from 27 weeks
of gestation forth. The sublingual gland consisted of
short striated ducts, intercalated ducts, and relatively
dilated excretory ducts. The submandibular gland
partially consisted of mucous acini, and contained
abundant PAS positive material from 31 weeks of
gestation. The parotid gland was an entire serous
gland showing abundant PAS reaction from 36
weeks of gestation.

Using the histological scoring system described
above for the 4 tissue elements, the growth state of
developing major salivary glands could be assesed
by their growth curve (Fig. 1, Table 2, 3). Our study
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Fig. 1. Growth curve by the sum of histological scoring. The
growth stage of developing major salivary gland assessed by the
total score of 4 tissue elements(excretory ducts, striated ducts,
intercalated ducts, and acinar cells).

disclosed that the development of the sublingual
gland was the most rapid among the 3 major sal-
ivary glands, and the submandibular and parotid
glands had a similar rate of development. However,
the submandibular gland tended to develop slightly
faster than the parotid gland. The growth curve of
major salivary glands indicated that their growth rate
was characteristically accelerated from the 15th
week to 32nd week of gestation, and at about 35
weeks of gestation complete maturation of major
salivary glands was accomplished.

2. Developmental stages of fetal salivary
glands

As illustrated on the growth curve (Fig. 1), fetal
salivary glands could be divided into 4 stages. The
1st is the early development stage (EDS) from 10
weeks to 18 weeks of gestation. The 2nd is the
early intermediate development stage (EIDS) from 19
weeks to 24 weeks. The 3rd is the late intermediate
development stage (LIDS) from 25 weeks to 32
weeks, and the 4th is the late development stage
(LDS) or mature stage from 33 weeks to full term.
During the EDS, glandular epithelial cells proliferated
rapidly producing luminalization and forming several
branches in the epithelial cords. Generally, the inter—
mediate development stage (IDS) of fetal salivary
glands coincided with the period of most rapid
proliferation and cytodifferentiation. In the EIDS,
glandular ducts proliferated to form a typical ductal
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Table 2. Histological scoring of the developing major salivary glands in human fetuses

QA Cases Types of salivary glands
(weeks)  (No) Parotid gland Submaillary gland Sublingual gland

A B C D A B G D A B G D
10 1 s = N 5 2.0 1.0 1.0 - - - - =
15 1 = 2 = 2 3.0 3.0 3.0 20 3.0 3.0 3.0 2.0
17 2 2.0 3.0 3.0 3.0 3.0 3.0 3.0 2.0 - n B =
18 2 3.0 3.0 3.0 3.0 3.0 3.0 30 3.0 4.0 40 - 40 4.0
19 1 40 3.0 3.0 3.0 4.0 3.0 3.0 3.0 4.0 40 3.0 40
20 3 40 3.0 3.0 30 40 3.0 3.0 3.0 45 35 35 35
21 3 4.0 4.0 3.7 3.0 4.0 4.0 35 30 4.0 4.0 3.5 4.0
22 2 40 4.0 4.0 3.0 40 40 40 3.0 4.0 4.0 4.0 40
23 4 43 40 40 37 45 40 4.0 3.8 4.0 4.0 4.0 4.0
24 5 4.5. 4.0 40 4.0 50 4.0 4.3 4.0 48 4.0 4.5 4.8
25 5 50 4.0 4.0 4.3 5.0 4.0 4.7 4.3 5.0 4.0 50 48
26 8 51 4.1 48 50 53 4.1 50 50 5.1 4.9 5.1 5ill
27 2 50 40 50 2.0 55 4.0 5.0 50 6.0 6.0 5.5 556
28 3 5.7 40 50 5.0 6.0 50 50 5.0 8.0 57 5.0 5.0
29 5 8.0 50 50 5.0 6.0 50 5.0 5.0 6.0 6.0 55 55
30 1 - N = = 6.0 6.0 5.0 5.0 - - . =
31 3 6.0 5.0 5.0 5.0 8.0 6.0 5.0 5.0 6.0 6.0 5.5 6.0
32 1 8.0 6.0 5.0 5.0 g = - 6.0 6.0 6.0 6.0
33 3 6.0 b7 5.0 50 8.0 6.0 5.0 5.0 60 B0 6.0 6.0
34 2 6.0 6.0 8.0 5.0 80 8.0 5.0 55 6.0 6.0 6.0 6.0
36 1 6.0 6.0 50 5.0 8.0 6.0 5.0 6.0 6.0 (6.0} 6.0 6.0
38 5 6.0 6.0 5.0 50 8.0 8.0 5.1 6.0 80 6.0 8.0 8.0
30 2 8.0 6.0 50 6.0 8.0 8.0 6.0 6.0 = = = =
40 b 6.0 8.0 50 8.0 6.0 6.0 5.0 6.0 6.0 (8.0 50 8.0

Total 70

Abbreviation : GA gestation age, A excretory duct, B siriated duct, C intercalated duct, D acinus, {, } illdefined observation of striated
duct of sublingual gland

Table 3. Sum of the histological scoring of the developing

major salivary glands in human fetuses. structure, that is, the excretory ducts became mul-

tiple layered, and the striated and intercalated ducts

GA  Cases Types of salivary glands became elongated, consisting of 2 cell layers. This
weeks  (No.) Parotid  Submaxillary  Sublingual was contrary to acinar cell development which de-
gland gland gland : )
m ] % 40 - veloped into lobular structures and began to dif-
15 i = 1.0 1.0 ferentiate into mature acinar cells. In the LIDS,
17 2 12.0 1.0 1.0 ductal cells gradually differentiated into mature ductal
lg ? 1,233 %8 3?‘8 cells, and the multi-cell layer of the excretory duct
20 a3 13.0 13.0 15.0 differentiated into columnar luminal cells for inner
?2 ; ]g»é 12}-3 qgg layer and cuboidal basal cells for outer layer. Lu-
23 2 16.0 6.3 180 minal cells of striated duct became tall columnar
24 5 16.5 17.3 18.0 cells with abundant apical cytoplasm, and inter-
gg g 1;:8 ]g:g ;S:? calated duct cell became a 2-cell layer structure
27 2 19.0 19.5 23.0 composed of cuboidal luminal cells and polyhedral
28 3 19.7 21.0 21.7 basal cells. The acinar cells showed maturation with
%g ? 21_'0 5128 291'0 abundant PAS positive material in the lumen. In the
31 3 - 21.0 22.0 23.5 LDS, salivary gland elements gradually matured until
gg ; g?g ol gj-g full term of gestation, and PAS positive material was
34 D) 290 50 F 040 present in the acini and occasionally in the ductal
36 1 220 23.0 24.0 lumen. The salivary gland lobules were separated by
gg g gg:g gg:g 24.0 connective tissue septa, and intercalated and stri-
AQ 5 240 24.0 24 0 ated ducts usually occupied intralobular position ;

Total 70 whereas, excretory ducts were usually located in an
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interlobular position. Striated ducts were quite prom-—
inent in parotid and submandibular glands while they
were relatively rare in sublingual and minor salivary
glands. The excretory, striated and intercalated ducts
were distinguished by histological scores 4 and 5,
but it was almost impossible to delineate the definite
borders between these ducts in prenatal develop-
ment stages.

The sublingual gland, mostly composed of mu-
cous acini, disclosed different features of glandular
development from the parotid and submandibular
glands. Sublingual glands in the IDS possessed
typical striated ducts according to the histological
scores. However, as mucous acini matured rapidly
in the LIDS, striated ducts became dilated and
indistinguishable from the excretory duct. Interca—
lated ducts of sublingual glands were shortened and
became isthmus-like structures connected with the
acinar cells. On the other hand, serous acini, which

matured later than mucous acini, were gradually

compressed to the periphery of acinar alveoli and
became a serous demilune structure. Gibson(1983),
using salivary gland tissue from 6 human fetuses
13.5 to 16 weeks, observed that the development of
the submandibular gland was morphologically equiv—-
alent to the development stage of the glands seen
in the newborn rat or mouse, and stated that the
human submandibular gland would likely reach a
mature state by birth, because there was ample time
remaining in a normal gestation for the maturation
process to be completed. Many authors have stated
that human salivary glands could mature before birth
because of the length of human gestation compared
with the rat or mouse, and that early secretory
function is possible at the beginning of the 2nd
trimester (Otis and Brent, 1954; Leeson and Forman,
1981; Gibson, 1983).

3. Prenatal developmental of the myoepithelial
cell of the human submandibular gland ob-
served by immunochistochemistry of smooth
muscle actin and rhodamine-phallcidin fluo-
rescence

The myoepithelial cell, as a contractile dendritic
cell, plays an important role in the secretory function
of the salivary gland. Its heterogenic differentiation
has been the source of the variable complexity of
the salivary gland tumors (Caselitz et al., 1986). De—

207

spite the importance as a cellular component the
precise pattems in the development and distribution
of salivary gland myoepithelial cells are still a matter
of conjecture. Explorations on the myoepithelial cells
in animal models and adult human salivary glands
have elucidated several important facts. As one of
the detectable probes for the myoepithelial cell,
rhodamine-phalloidin was introduced and has been
frequenily used for its actin—specific binding property.
The monaclonal antibody (MoAbs) of actin and myo-
sin were also widely used to demonstrate the my-
oepithelial celis.

MoAb smooth muscle actin is very reliable to
detect the early development of myoepithelial cells
in human fetus, while phalloidin, which is generally
specific for the actin filaments of both muscular and
non—-muscular actin, As markers for the cytoplasmic
actin of the myoepithelial cells we used MoAb
smooth muscle actin and phalloidin and studied 100
fetal submandibular glands (Lee et al., 1993a,b). By
this method we found that the primitive myoepithelial
cells, showing irregular fibrillar deposition, appeared
in the salivary gland epithelium between 15-16
weeks of gestation, when the cytodifferentiation of
acinar and ductal luminal cells had not yet taken
place. These immature myoepithelial cells gradually
increased in number as well as in intensity for actin
staining, and they were closely apposed to the basal
layer of the tubulo-alveolar structure of the salivary
glands. During the early developmental stage (EDS)
the phalloidin fluorescence became condensed in
the basal layer. On the other hand in the previous
study (Lee et al., 1991) we reporied that during the
EDS the primitive acinar cells of developing salivary
glands were negative for MAM-3, MAM-6 antigens
and epithelial membrane antigen, and the ductal
luminal cells were barely stained for different MoAbs
to keratins. From these findings, we could surmise
that myoepithelial cells in the fetal salivary gland
express the actin filaments before the acinar cells
and ductal luminal cells start to mature. In other
words the myoepithelial cells antedate the secretory
epithelium during embryogenesis,

As the acinar cell developed further to form
alveolar structure during the EIDS, we found the
cytoplasmic elongation of the myoepithelial cells
became evident by phalloidin fluorescence. The
myoepithelial cells took place in the basal portions of
the acini and intercalated ducts, and finally they
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were extruded in the excretory and striated ducts.
The immunostaining of MoAb actin demonstrated
basaloid arrangement of polyhedral myoepithelial
cells during the EIDS, and it was of interest con-
sidering the acinar and ductal cells started o ex-
press cytoplasmic epitopes such as cytokerating,
MAM-3, and MAM-6 antigens at this developmental
stage. This type of myoepithelial cell was also fre—
quently found in various salivary gland tumors as
plasmacytoid or polyhedral myoepithelial cells
{Caselitz et al., 1986). In the late intermediate de—
velopmental stage (LIDS) the myoepithelial cells be-
came further flattened and dendritic at the basal
portions of the acini and intercalated ducts ihat were
reminiscent of the adult salivary glands.

This sequence of cellular events in humans is of
interest. In rats, myoepithelial cells and secretory
glandular cells develop at the same time during the
fetal period, and it is the myoepithelial cell which
subsequently differentiates asynchronously with the

Table 4. Myoepithelial cell development in different stages
of fetal submandibular glands observed by immunostaining
of MoAb smooth muscle actin and phalloidin fluorescence.

Stages Cases Acinus Intercalated Striated Excretory
(weeks) duct duct duct
EDS{10-18) 13 1 -1 0 #
BEDsS(19-24) 21 2 1 0 0
LIDS(25-32y 38 34 2 0 0
LDS(33-40) 28 4 2-3 0 0
Total 100

Degree of developmental scores of myoepithelial call :
Score 0 © negative reaction, Score 1. primitive myoepithelial cell,
Score 2 ¢ immature polyhedral myoepithelial cells,

Score 3« flattened or spindle-shaped myoepithelial cell,
Score 4 @ abundant dendritic myoepithelium

EDS : early developmental stage

EIDS : early intermediate developmental stage

LIDS ; late intermediate developmental stage

LDS : late developmental stage

J-G. Chi

secretory cells. In our study conspicuous dendritic
myoepithelial cells appeared during 25-26 weeks of
gestation, when glandular acini were immature, and
thereafter they increased in number through LIDS
and LDS in conjunction with differentiation and
maturation of acinar cells. Therefore in the human
fetus, it is probably important for the myoepithelial
cells to mature earlier in order to push the secretory
materials from the acini out toward the excretory
ducts, against the amniotic fluid pressure.

The difference of the myoepithelial cell distribution
in the striated and excretory ducts between fetal and
adult salivary glands (Table 4, 5) strongly suggested
the existence of a dynamic aging process in the
formation and distribution of myoepithelial cells.
Based on spindle shape and dendritic processes it
appears that the myoepithelial cells are coniractile
and first develop in the acini and intercalated ducts,
and subsequently move toward the excretory ducts
through the basal poriions of the ducts. The latter
process may usualy take place postnatally but
seems to be negligible prenatally. However, with the
fact of the general aging process of the epithelial
cells, that the atrophic cells are pushed out su-
perficially and eventually extruded from the epi-
thelium, the present findings may Indicate that
myoepithelial cells develop from intercalated duct
reserve cells and mature in the acini. One may also
say that contrary to the degenerating acinar and
ductal cells which are able to be exfoliated directly
into glandular lumen, the degenerating myoepithelia
cells in the acini move toward the stratified epi-
thelium of excretory ducts where cellular mobility as
well as cellular turn—over are relatively activated.

Regarding the morphological changes of the
myoepithelial cells during the fetal development,
from polyhedral shape to dendritic form, the primitive
polyhedral myoepithelial cells are similar to the

Table 5. Myocepithelial cell distribution of adult human submandibular
glands cbserved by the immunostaining of MoAb smooth muscle actin

and phalloidin fluorescence

Age Cases Acinus Intercalated  Striated Excretory
(decade) duct duct duct

2nd 2 4+ ++ +{rare} +(rare)

+++ ++ +{rar +(rare) : sy e .
igﬁ é e o +goi§;siomal‘ +§rare§ Degree of developmental scores of myoepithelial cell |
S 2 T T *{occasional)  +(cceasional) ; : gtorogﬁi?:egc[)?yef:sgrgflIrﬁyoepithe%ial cell

+++ ++ +(frequent) +{oceasional) ' : i
51 2 Rl (accasional) ++ ; flattened or spindle-shaped myoepithelial cell,
Total 10 +++ . abundant dendritic myospithelium
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plasmacytoid myoepithelial cells of salivary gland
tumors, The fact that the myoepithelial cells contain
contractile actin filaments could explain the probable
mobility of the myoepithelial cells in the salivary
gland tumcrs as well as in the normal salivary
glands. Especially in pleomorphic adenoma the
transitional or transformed mycepithelial cells grad-
ually infiltrate into glandular mesenchyme to produce
typical myxoid degeneration, and they show slight
immunoreactivity of MoAb actin and different cyto-
keratins. Actually in our extended study on the
salivary gland tumors the transformed myoepithelial
cells were occasionally positive for the MoAb actin
and showed reduced phalloidin flucrescence. There—
fore we presume that the neoplastic myoepithelial
cells are also mobile but they overgrow in abnormal
directions and subsequently transform into different
tumer cells exhibitig cyiologically different phe—
notypes. However, in order fo get to know the more
precise life-cycle mode of normal and neoplastic
myoepithelial cells further study should be rec-
ommended with other biological methods.

4. Immunohistochemical detection of S-100, S-
100a, S-1008 proteins, glial fibrillary acidic
protein, and neuron specific enolase in the
prenatal and adult human salivary glands

Although studies on the markers of the myoe—
pithelial cells have been controversial in the liter-
ature, S—100 protein has been frequently introduced
as a useful marker. But recent studies using
polyclonal antibody (PoAb) to S-100 protein have
shown negative result for the myoepithelium of the
normal adult salivary glands (Mori et al, 1986;
Dardick et al., 1991). The cccasional positive reac-
tion of S-100 protein for the myoepithelium was
attributed to the staining of unmyelinated nerve
endings, and it was also suggested that the
unmyelinated nerve endings made direct contact
with plasma membranes of the myoepithelial and
acinar cells (Huang et al,, 1992). Nevertheless, it is
accepted that the myoepithelial derived cells of
pleomorphic adenoma show intense reaction for
S-100 protein (Crocker et al,, 1985), and ihai the
modified myoepithelial cells of pleomorphic adenoma
may display positive reaction for vimentin, glial
fibrillary acidic protein (GFAP), and sometimes neu-
ron specific enclase (NSE) (Mori et al., 1989a,b).
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Therefore, it may be claimed that the neoplastic
myoepithelial cells in pleomorphic adencma repre—
sent undifferentiated phenotypes of salivary gland
cells of neurogenic origin.

Many authors supposed that progenitor cells or
reserve cells may be present either in intercalated
ducts or in other ductal segments of the salivary
gland, and may have the potential to transform
either to myoepithelial or ductal epithelial cells.
They presumed that the great variation in the
expression of $-100, S-100e, and S-100B, GFAP,
and NSE in pleomorphic adenomas (Mori et al.,
1989 a, b ; Ninomiya et al., 1989 ; Huang et al.,, 1992)
suggested the possibility of the transformation of
such progenitor cells toward various directions. We
have examined a hundred developing human fetal
salivary glands of gesiational age from 10 to 40
weeks (n=100) and normal adult glands (n=10) for
immunoreactivity to S-100 protein and its subunits
S-1000, S-100B, GFAP and neuron specific enolase
(NSE) (Lee et al,, 1993b). In the early intermediate
developmental stage (19-32 weeks) some acinar
basal cells showed immunoreactivity to S-100 pro—
tein which rapidly disappeared in the late devel-
opmental stage (33-40 weeks). Adult salivary glands
were negative for S-100 protein (Table 6). The S-
1000 subunit was strongly positive in the glandular
ducts and acini of both fetal and adult glands.
S-100B, although present in some acini and ductal
cells during the late intermediaie developmental
stage, was rarely seen in the adult glands. GFAP
and NSE were positive in the developing salivary
epithelium in the early developmenial stage (15-18
weeks). Above findings indicated that the developing
salivary epithelia show transient neuronal phenotype
during active cytodifferentiation ‘siage of glandular
acini and ducts. Our study (Lee et al., 1993b) also
demonstrated early expression of GFAP and NSE
during 15-18 weeks of gestation when the cyto-
differentiation of salivary gland epithelium begins.
Weak positive reaction was localized not only in the
presumed myoepithelial cells but usually in the
proliferating acinar and ductal cells(Table 6). There-
fore, we presumed that the actively proliferating and
differentiating salivary gland epithelium during the
early fetal period displays transient neural char-
acteristics.

Classical description of myoepithelial cells in
relation to their presence in the acini and inter—
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Table 6. Immunohistochemical detection of various anti-
bodies in the developing salivary glands of human fetuses
and adults.

Developmental  number S-100 S$-100¢ S-100p GFAP NSE
stagesiweeks)

EDS (10-18) 13 + + - + +
EIDS(19-24; 21 + ++ + # -
LIDS(25-32) 38 ++  ++ G - -
LDS (3340 28 + +4+ + - -
Adult 10 * +++ - - -
Total 110

EDS = early developmental stage,

EIDS = early intermediate developmental stage,

LIDS = late intermediate developmental stage,

L0S = late developmental siage

Degres : — = negative £ = frace + = slight ++ = moderate +++

= strong

calated ducts of salivary glands has been well
mature myoepithelial cells which are localized at the
acini and intercalated ducts of prenatal human
developing salivary glands, whereas they show wide
distribution in the ductal system of the adult human
salivary glands.

Our study (Lee et al., 1993 b,c) also showed that
the immunostaining of PocAb S-100 protein was not
specific for the myoepithelial cells, and was
expressed in some serous acinar cells of fetal
salivary gland. The presence of 5-100 protein was
most intense during the period of EIDS and LIDS at
which the cytodifferentiation of serous acinar cell
was most active. These findings indicated that the
S-100 protein plays a role during the differentiation
and maturation of serous acinar cells. It was
reported that regenerating intercalated ductal cells or
serous acinar cells of adult salivary gland showed a
strong reaction for PoAb S-100 profein, This fact
can be cormelated with a marked reduction of S-100
protein expression following duct ligation of the
submandibular glands in rais(Hashimoto et al., 1992;
Shinohara et al, 1992). These findings imply a
significant role of $-100 protein in the altemative
metabolic or cytodifferentiation processes. However,
the stainability for S-100 proteins in neoplastic
myoepithelium still remains to be confirmed.

In our study (Lee et al, 1993b) normal adult
salivary glands showed diffuse positivity for S-100a
in serous acinar cells and ductal cells. On the other
hand S-100B was known not to be found in acinar
cells of the salivary gland. Molin et al.(1984) also
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stated that the ductal segments, including convo-
juted iubules, striated and excretory ducts of rat
salivary glands expressed S-100q, while S-1008
was found only in the intercalated duct. Although
Hara et al.{1984) observed that S-1008 protein was
diffusely positive in the cyioplasm of normal myoe—
pithelial cells as well as tumor cells of pleomorphic
adenoma, we could not find any dendritic myoe—
pithelium which was positive for PoAb S-100 or
MoAb S-100B protein. What we found was that
some serous acinar cells and intercalated duct cells
of fetal salivary glands were strongly positive for
MoAb S-100B as condensed granular pattern in the
EIDS and LIDS, whereas the immunostaining was
almost absent in adult salivary glands.

Therefore, after evaluation of normal develop—
menial and neoplastic transformation of the salivary
glands a suggestion could be made that neuronal
differentiation of ductal reserve cells is responsible
for the production of modified myoepithelial cells in
both normal developmental salivary gland and neo—
plastic transformation is made.

5. Lysozyme, lactoferrin, o1-antichymotrypsin
and al-antitrypsin localization during devel-
opment

A biological role of the salivary glands is to
secrete mucous materials, enzymes, and anti-
bacterial substances. In the parotid gland of normal
human adults, the lactoferrin staining has been seen
in some acinar cells scatiered among negatively
stained glandular cells. Intercalated duct cells were
positive, but excretory duct cells were negative for
lactoferrin (Korsrud and Brandtzaeg, 1982; Mitani et
al, 1989) Lysozyme has been demonstrated in
acinar cells and some intercalated ducts in mature
glands (Tsukitani et al., 1985; Mitani et al., 1989). In
our study {Lee et al, 1990a, b), lysozyme staining
was observed begining from the EIDS, and was
strongly positive in serous acinar cells more in—-
tensely than lactoferrin during the fetal period.

Qur study (Lee et al, 1990a, b) revealed that
lactoferrin (LF) staining was weak in the fetal salivary
gland. Only a slight immunoreaction was observed
in serous acinar cells and ductal cells during the
LIDS. Positive lactoferrin staining in duct cells almost
disappeared in the LIDS, but a slight positive LF
staining in the serous acinar cell persisted. It could
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be suggested that LF, which has a higher relative
molecular mass (M~80000) than (M~14000), was
not concentrated enough to detect immunchisto—
chemically in fetal salivary glands compared to ma-
ture cells.

Reitamo and Konttinen(1980) observed that in all
mature salivary glands, LF staining was seen in
intralobular ducts but never in interiobular ducts and
acini, LF staining was detected in most serous de—
milune cells of mixed glands and in some but not all
acinar cells of pure serous glands, but never in pure
mucous glands. They also examined 7 human fe-
tuses from 11 to 21 weeks of age, and reported LF
staining in mononuciear cells, presumably granu-
locytes, in various organs beginning at 13 weeks of
gestation, and in granular cells of the tongue from
20 weeks. Caselitz et al. (1981a) described the maost
intense LF reaction in salivary gland adenocarci—
noma, and interpreted LF production as a "marker”
of glandular of acinar differentiation in parotid tissue.

Positive staining of lysozyme(LY) and LF in sal-
ivary gland tumours has also been observed.
Luminal cells of pleomorphic adenomas were usu-
ally positive, whereas malignant tumour cells were
negative or rarely positive (Caselitz et al., 1981a,b;
Mitani et al., 1989). Others reported the frequency of
a positive LF reaction in pleomorphic adenoma, was
higher than that of lysozyme(LY) (Mitani et al., 1989).
Confirming those results, the frequency of a positive
reaction to LY and LF in the study of mature sali-
vary glands and benign tumours was relatively high—
er than that in fetal salivary glands.

Alpha—1-antitrypsin ([@1-AT) is a major plasma
protease ihibitor and a product of metabolism in
adult and fetal liver. d1-ACT and inhibits trypsin,
chymotrypsin, and kallikrein (Glaudie et al., 1980).
Sehested et al. (1985) and Murase et al. (1985) re-
ported that d1-AT and a1-ACT were found in lu-
minal epithelial tumour cells of pleomorphic ad-
enomas but not in modified myoepithelial cells. In
adult salivary glands, a1-AT was positive in the
ductal segment, and alpha-1-antichymotrypsin (o
1-ACT) was usually negative in all glandular cells.
Our study(Lee et al, 1980b) showed that in the
LIDS, which represented the fetal period for active
proliferation and cytodifferentiation of glandular epi-
thelium, staining of a1-ACT and d1-AT increased
rapidly. And in the LDS, which represented the
advanced stage of fetal salivary gland development,
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the o1-AT reaction continuously increased in ducts
and serous acini. However, d1-ACT was slightly
reduced in glandular ducts. We concluded that the
presence of ¢1-ACT and d1-AT in developing sali-
vary gland epithelium is a characteristic of differ—
entiation. We also presumed that the immuno-
histochemical demonstration of LY, LF, ai- ACT,
and o1-AT in developing salivary gland tissue
suggests that they might participaie in a protective
mechanism, particualrly in serous cells and ductal
segments in the human fetus.

6. Immunochistochemical findings of lymphoid
tissue in developing salivary glands

A close relationship between developing salivary
gland and lymphoid tissue have been described.
During the process of their simultaneous develop—
ment, salivary gland acini and ducts may be em—
bedded in the lymphoid tissue {intralymph node sal-
ivary gland) or vice versalintra salivary gland lymph-
oid tissue). The development of lymphoepithelial le—
sions may be related to this phenomenon.

We studied 79 fetal salivary glands from the early
developmental stage(EDS) to the late developmental
stage(LDS)(Lee et al., 1993c). Histological exami-
nation and various immunohistochemical stains were
made.

Lymphoid tissue aggregations were observed
near the major excretory ducts of parotid and
submandibular glands in 17 week fetus. However,
localized proliferation of lymphoid tissue in the
sublingual gland was seen only after 38 week of
gestational age. At 20 week in the parotid and
submandibular glands, the aggregations were com-
pletely separated from the glandular tissue by con-
nective tissue septa. Numerous salivary ducts with
single layer of cells were found embedded in the
medulla of the lymph nodes, and at 38 week in the
parotid and submandibular glands, the embedded
ducts were seen disintegrating after an increase of
mononuciear cell infiltration. The histologic features
of ductal inclusions in all three types of salivary
glands were similar.

The immunohistochemical findings of salivary
glands ducts included in the lymphoid tissue and the
lymphoid infiltration in all the three salivary gland
were similar. In the EDS, mononuclear cells in the
newly formed lymphoid fissue and connective tissue
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stroma showed strong lysozomal activity. The mo-
nonuclear cells in the connective tissue stromal
decreased in number with increasing gestational
age. The glandular epithelial cells, especially the
serous acinar celis showed increased staining for
lysozome with increasing gestational age. In the
LDS, immunostaining for lysozyme was intense in
serous cells but negaiive in the mucous cells. The
ductal cells were negative throughout the entire
gestational period. No lactoferrin reactivity was ob-
served in lymphoid tissue of the developing salivary
gland. It was only during LIDS and LDS that the
serous acini occasionally showed posiiive lactoferrin
staining. The basal cells at the border of the in-
tralobular striated ducts in the LIDS showed a
positive LF staining, but largely in the LDS.

The immunochistochemical reaction of a1-AT was
negative in the lymphoid iissue and infilirating mo-
nonuclear cells in the connective tissue stroma of
developing salivary gland. In the EDS, immuno-
staining was infrequent in the glandular ducts,
however it became moderately positive in the LIDS.
The immunoreactivity of acinar cells was sparse
during the fetal period. The immunostaining of a
1-ACT in lymphoid aggregation was negative except
for a mild degree during the LDS. The stromal
mononuclear cells, however, showed an intense
reaction to d1-ACT during all stages of develop—
ment. In the EDS, the glandular epithelium showed
a slight positive a1-ACT staining in the ducts.
Beginning from the EIDS, a1-ACT staining became
intense in the ducts and serous acini, but mucus
cells had no immunostaining. However, the reactivity
gradually reduced by the beginning of LDS, and only
minimal reactivity remained in the glandular ducts by
late LDS. In the EDS, a few S-100 protein positive
cells were scattered in the lymphoid tissue.

In the EDS and EIDS a mild KL1 and K8.12
reaction in ductal cells embedded in lymph nodes
were observed. The reactivity decreased with in—
creasing gestational age and was negative in LDS,
PKK1 reactivity was negative in LIDS and LDS
except for a rare posifive reaction in EDS and EIDS.
However, in LDS, ducial cells in the vicinity of lymph
nodes were strongly positive for KL1 and PKKA1,
Immnostaining of glandular ducts embedded in
lymphoid tissue were negative to MoAbs 67D11
(Anti-MAM-=3), 115D (Anti-MAM-6) and to epithelial
membrane antigen throughout the ~gestational age
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studied.

The subepithelial accumulation of lymphoid tissue
in the respiratory, alimentary and genitourinary tracts
constrained by a connective fissue capsule, are
called mucosal-associated lymphoid tissue (MALT).
Although the histology and dynamics of MALT have
been well characterized in the gastrointestinal tract
and in the lung, there are no reports of a systemic
search for MALT in the salivary glands. Our study
(Lee et al, 1993b) showed that lymphoid cell ag-
gregaiion is a unique, if not criiical, feature in de—
veloping human salivary gland. This feature seemed
o be a physiological process during development as
the lymphoid aggregations were found in the great
majority of the normal fetal salivary glands studied.

In conclusion, it is suggested that the early ap-
pearance of mononuclear cells in intralobular lymph—
oid tissue could be an immunologic response to the
intraluminal antigenic material in ithe developing ex-
cretory ducts. This may be either endogenous or
exogenous, and in tumn they pose further antigenic
stimulation to induce retrogressive change of the
embedded salivary gland epithelium during fetal
period. A high frequency of intralobular lymphoid
tissue aggregation in the fetal salivary gland is
therefore, a normal developing process, and the
exogenous infiltration of moncnuclear cells play a
role to produce lymphoid tissue in salivary glands.
However, the explanation for histogenesis of lymph-
oepithelial lesions from these inclusions need further
investigation.

7. Myoepithelial cell and modified myoepithelial
cells in normal and neoplastic salivary gland.

The role of myoepithelial cellstMECs) in salivary
gland tumors has been a matter of conjecture for a
long time. The participation of the MECs is an
important consideration in histogenetic approach and
the classification of the salivary gland tumors
(Batsakis, 1980; Kahn, et al., 1985; Dardick et al.,
1989a,b; Batsakis et al., 1992). Various monoclonal
and polyclonal antibodies have been used to elu-
cidate the nature of the cell population in normal
and neplastic salivary glands with paricular re-
ference to myoepithelial cells. However, data on the
markers of the in normal and neoplastic glands have
not been consistent (Mori et al., 1990; Dardick et al.,
1991; Morinaga et al., 1992}
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Cytokeratins are expressed in normal salivary
glands. Among them cytokeratin 14 (CK-14) is ex-

pressed selectively in MECs agsociated: with acini -

and intercalated ducts. It is not expressed in.acinar
cells or ductal luminal cells (Dardick et al., 1989a, b;
Mor et al, 1990), but is strongly positive for the
epithelial basal cells. However, as the salivary gland
develops from the stomodeal ectoderm to produce
tubulo—alveolar structures which have a continuous
basal cell layer from oral mucosa epithelium to acini,
it is also known that a number of basal cells of acini
and intercalated ducts differentiated into MECs with
close interaction of salivary mesenchyme. Mean-
while the basal cells of excretory ducts and striated
ducts are not clearly defined for their role. There-
fore, it was important to know if CK-14 is expressed
in ductal basal cells and dendritic MECs in the early
developmental stage of human fetal salivary glands,
adult salivary glands and salivary gland tumors. In
our previous papersiLee et al., 1993a, b) we have
reported that all the developing MECs were locali-
zed in the acini and intercalated ducts, and sug-
gested that aged MECs could migrate along the
ductal basal layer to form a lengitudinally elongated
MEC in the striated and excretory ducts of adult
salivary glands. The suggestion that the contractile
MECs have efficient mobility and move retrogres—
sively from the acinus to the distal ductal structure
supports the increased number of regressing MECs
in the excretory ducts of clder adult salivary glands.
However, in our study increased number of des-
mosomes between developing MECs during the
EIDS and LID suggested a different histogenetic
progress of the MECs between the acinar cells and
ductal cells. This implies that the mature dendriiic
MECs constilute an intimate cytoplasmic networks
each other to encircle and "compress” the acini
efficiently, and that the MECs have great mobility
and a different cell cycle from the other salivary
gland elements. It is also intriguing to note that the
basal cells: of the excretory ducts share cerain
immunohistochemical and ultrastructrual features
with the MECs. The coexpression of CK-14, d-SMA

and vimentin by ductal basal cells in the normal fetal -

and adult salivary glands support the view that these
cells represent a different combinaton of ductal,
myoepithelial, myoepithelial-like and undifferentiated
cells (Shear, 1966; Gibson, 1983).

A complex organization of actin and intermediate
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filaments in normal MECs of human parotid glands
has been reported by Noberg et al,, (1992). And o~
SMA and rhodamine phalloidin. with its actin specific
binding property have been identified in the MECs of
the developing salivary glands(Lee et al, 1993a).
We found that CK-14 was expressed by the ductal
basal cells as well as MECs of salivary glands in
fetuses and adults. Among various cytokeratins the
CK-14(50 KD) is an acidicltype 1) keratin protein,
which is predominantly distributed in the basal cells
of stratified epithelia including oral mucosa, and the
CK-14 together with a-SMA has been consistently
used for the detction of normal MECs, The poly-
hedral MECs in the EIDS showed prominent CK-14
staining overwhelming the a-SMA immunoreactivity.
And these cells were found to contain abundant
intermediate filaments and a few myofibrils ulira—
structurally. Meanwhile dendritic MECs in the LDS
and adulthood showed strong d-SMA staining
overwhelming the CK-14 immunoreactivity. They
contained reduced intermediate filaments but abun-
dant myofibrils ultrastructurally. Although some basal
cells of striated and excretory ducts of fetal salivary
glands showed positivity for CK-14, they failed to
show any myofibrils ultrastructurally. Therefore, we
presumed that the CK-14 positive basal cells of
striated and excretory ducts of normal adult salivary
glands were hardly differentiated into MECs.
Gustafsson et al. (1988) reported that vimentin
was expressed for the MECs and basal cells of
excretory ducts of 18-22 weeks old fetal salivary
glands, and suggested that the coexpression of
cytokeratin and vimentin in certain salivary gland
tumors may be a sign of undifferentiation in ex-
pressing the filament pattern of earlier gland de-
velopment stage. We confirmed that some basal
cells in the acini and intercalated ducts expressed
vimentin only during the EIDS and LIDS. The

- vimentin—positive cells were of polyhedral shape in

the EIDS and wedge-shape in LIDS, very much
reminiscent of the polyhedral and wedge-shaped
modified MECs of pleomorphic adenoma that
showed positive reaction for CK-14, d-SMA, and
vimentin (Lee et al., 1993a). Although the vimentin
postive cells were different in number and shape
from the true MEC usually detected by CK-14 and
d-SMA, we presumed that these cells are of the
same lineage with the MECs only in the course of
myoepithelial differentiation. These findings seen in



214

the fetal and adult salivary glands may support the
fact that CK-14, vimentin and ¢-SMA are inter-
changeably expressed in the modified MECs of
pleomorphic adenomas. The uiilization of vimentin
as a marker of myoepithelial derivation in the sali-
vary gland tumor cells has been debated by many
authors(Caselitz et al., 1981a,b; Caselitz et al., 1984;
Azumi and Batifora, 1987; Zarbo et al, 1991).
Vimentin is widely distributed in the mesenchymal
cells, but never found in normal epithelial cells.
Therefore, its positivity in salivary gland tumors
suggested the occurence of mesenchymal meta-
plasia of myoepithelial tumor cells.

It is generally considered that the pleomorphic
adenoma and adenoid cystic carcinoma are charac—
terized by a proliferation of modified MECs. And
Dardick et al. (1991) suggested that the intermediate
cells of mucoepidermoid carcinoma are the coun-
terparts of modified MECs of pleomorphic adenoma.
Co-expression of keratin and vimentin in pleomor-
phic adenoma and adencid cystic carcinoma has
been reported (Caselitz et al., 1984; Chomette et al.,
1891a,b). And its significance could be found in fetal
salivary glands. In our study by double immuno-
staining method(Lee et al., 1993a) we observed
predominant staining of CK-14 during the EIDS, and
predominant staining of «-SMA during the LIDS and
the EIDS, and predominant staining of a-SMA
during the LIDS and LDS. And also ultrastructurally
there were increase of intermediate filaments during
the EIDS, and increase of myofibril in the LIDS and
LDS. There was also vimentin expression in the
basal cells of terminal ductal epithelium in the EDS
and some polyhedral or wedge-shaped basal cells
of acini and intercalated ducts in the EIDS and
LIDS. The outer layer cells of tubulo—ductal structure
of plecmorphic adenoma showed a strong positivity
of vimentin. These facts support the presumption
that the modified MECs are related to the un-
differentiated cells of ductal basal cells rather than to
mature MECs of acini.

It has been repeatedly demonstrated that mod-
ified or neoplastic MECs express neural cell mark-
ers, i.e., $-100 protein, neuron specific enolase and
glial fibrillary acidic protein (Lee et al,, 1993ab). It
was also reported that some basal cells of terminal
acini and ducts in the early fetal salivary gland
expressed S-100 protein, and ductal cells of early
fetal salivary gland expressed glial fibrillary acidic
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protein and neuron specific enolase, while MECs in
normal glands do not (Dardick .et al., 1991). The
modified or neoplastic MECs in salivary gland
tumors consistently express the above neural cell
markers. Therefore, it is quite probable that these
so-called modified MECs express the phenotype
related to neural crest and/or the ductal basal struc—
fures. Although the embryonal ductal basal cells
eventually develop into each salivary compartments,
i.e., acini, intercalated ducts, striated ducts, and
excretory ducts, it is generally agreed that the basal
cells of acini and intercalated ducts have a capacity
to differentiate into the true MECs. And many au-
thors insisted that the various histologic features in
pleomorphic adenoma were mainly based on a
divergent histogenesis of the MEC (Caselitz et al.,
1981a,b; Kahn et al., 1985; Dardick et al., 1989b). It
was also supposed that pleomorphic adenomas
arise from intercalated duct reserve cells, that are
actually major precursor cells of MECs (Batsakis et
al, 1992). We could only partly agree with this
opinion. Rather we believe that many plecmorphic
adenomas arise from the intercalated duct cells, and
suggested that the so—called modified MECs of
salivary gland tumors originate from the ductal basal
cells of not only the intercalated ducts but also of
the striated and excretory ducts. It is important to
reevaluate the origin of modified MECs in pleomor-
phic adenoma and allied diseases of salivary glands.
We have suggested that the 'modified MECs' in the
salivary gland tumors are not of myoepithelial origin,
but are rather modified basal cells of the ductal
system.
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