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Abstract Although the submandibular gland (SMGlntroduction

plays important exocrine and endocrine roles, little Is

known about the molecular details underlying its devéthe submandibular gland (SMG) develops through the
opment. Previously, we reported that in the postnataiyocess of branching morphogenesis, involving interac-
developing hamster SMG, GPT, the protein product #dns of the oral epithelium with the mesenchyme (Chau-
the first N-glycosylation gene, ALG7, was an in vivadry et al. 1985; Denny et al. 1997; Devi and Jacoby 1966).
marker for salivary cell proliferation. Here we investigatn hamster, the SMG begins to form in the last third of the
ed the proliferative, cytoskeletal, and adhesive changgsbryonic period as a small epithelial rudiment, surround-
during SMG postnatal development. The cellular locad by mesenchymal cells. The rudiment proliferates to
ization and abundance of GPT, filamentous actin,[#nd form a cord of cells, which continue to divide and branch
integrin receptor were examined using confocal micraato the mesenchyme. Ongoing embryonic cytomorpho-
copy and immunoblotting. In neonatal glands, high GRififerentiation leads to the formation of duct, terminal tu-
levels marked extensive cell proliferation throughout thwile, and proacinar cells. In the newborn, both ductal and
tissue. The apical regions of immature salivary cells dizinar cells are already present, although the glands are
played intense actin staining, while most of fiieinte- very small. To attain its mature size, the SMG continues to
grin was diffusely distributed throughout the tissue. Afevelop through the 4th week. This involves extensive
development proceeded, discrete regions of the gland groliferation and growth of the gland, with the highest mi-
pressed attenuated levels of GPT, an increased orgartiatic index being reached at 5 days postpartum (Devi and
tion of actin to the cell cortex, arfd integrin to the bas- Jacoby 1966). Thereafter, cell proliferation begins to de-
al lamina. In the adult SMG, differentiated salivary celldine, concomitant with an increased transition of cells
displayed low levels of GPT and actin. While the abufrom neonatal phenotypes to differentiated acinar and duc-
dance of31 integrin remained unchanged throughout deal cells. Two neonatal secretory cells have been identified
velopment, in the adult, it was found exclusively in rén rat: type | cells, potential ductal cell progenitors which
gions where cells contact the basal lamina. These dateduce protein C, and type Il cells, putative acinar cell
indicate that SMG development entails regionalized cglecursors which give rise to the B1- and B2-immunore-
proliferation and polarization, and that these process&sive proteins, products of the ZZ3 gene (Mirels and Ball
are temporally and spatially coordinated with the estal892; Mirels et al. 1998). With progressive differentiation,

lishment of stable cell-substratum interacticns. there is a marked decrease in the production of the neona-
tal salivary proteins and an increase in levels of the adult
R.P. Fernandes - K. Lennon-Hopkins - F. Erkan products, such asi-amylase. Differentiated acinar and
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sis. During development, immature cells engage inpked with confocal imaging. We report that early SMG

proliferative cycle until, in response to differentiatiodevelopment entails extensive cell proliferation, with

signal(s), they arrest in G1 and undergo differentiatitarge numbers of cells undergoing cytoskeletal reorgani-

(Olson and Klein 1994). Previously we showed that tzation and displaying poorly definggil integrin along

first gene of the dolichol pathway, ALG7, played an inthe basal lamina. With progressive development, prolif-

portant role in the dynamics of cell cycle entry and exatation decreases significantly, coincident with regionali-

in G1 (Kukuruzinska and Lennon 1995, 1999; Lenna®ed changes in cytoarchitectural and adherence charac-

et al. 1995, 1997; Pretel et al. 1995). Conserved in eteristics of salivary cells. Differentiated SMG consists

lution (Eckert et al. 1998; Huang et al. 1998; Kurimarily of unproliferating, polarized cells with corti-

kuruzinska and Robbins 1987; Rajput et al. 199dally organized actin and basally distribuf&d integrin.

Scocca and Krag 1990; Zhu and Lehrman 1990), AL&ur results indicate that SMG development entails tem-

encodes the dolichol-P-dependdivacetylglucosamine poral and spatial coordination of proliferative, cytoskele-

transferase, GPT, the tunicamycin-sensitive enzyme ttaf and adhesive processes.

catalyzes the first committed step in the dolichol path-

way. We also showed that GPT was a useful in vivo

marker for salivary cell proliferation, because the podlaterials and methods

natal development of the hamster SMG correlated with

downregulation of ALG7 expression on the level ¢teagents

transcript accumulation and the activity of GPT (Feprimary antibodies for the neonatal salivary protein markers were

nandes et al. 1998; Mota et al. 1994). rabbit antibodies against rat ZZ3 (Mirels and Ball 1992) and pro-
Regulated changes in the actin cytoskeleton constittgie C (Ball et al. 1988), and they were provided by Lily Mirels,

intri i inti iversity of California, Berkeley. The monoclonal mouse anti-
an intricate component of tissue development. Variati Hc%dy against hamst@] integrin (clone 7E2) was purchased from

in cell Sh_ape' in response to either extraqellqlar or int iarmingen (San Diego, Calif.). Monoclonal mouse antibodies
cellular signals, occur through a communication of comgainst humag-actin and polyclonal rat antibodies against human
plex networks of proteins with actin filament bundleslivarya-amylase were purchased from Sigma (St. Louis, Mo.).
(Burridge et al. 1988). During development, actin plays’ %\)gi’l%?g\lliraaebdbg ;mggﬂfs\/"ﬁg‘;‘/'“&f\t‘; :\nly_/Gc; &r:rtﬁg‘ﬁfz-rr~ﬂ‘1"$re
critical r<_)Ie In determ!nlng (_:eII shape and_movemer]t,\% re commercially prepared (éabco, Berkeley, Calif.)’. In both
well as its final function. Since changes in the salivagyses, anti-GPT antisera were raised against a synthetic peptide
cell shape are vital for the acquisition of polarity argkquence to the 11 C-terminal amino acids of hamster GPT. Phal-
exocrine function, expression and distribution of fildoidin, conjugated with FITC or rhodamine (Molecular Probes,

T ; gene, Ore.), was used for the visualization of F-actin, as indi-
mentous actin is likely to reflect the extent of Sallvalsgted. Secondary antibodies consisted of goat anti-rabbit IgG(Fc)

cell differentiation. o or sheep anti-mouse IgG(Fc), derivatized with FITC (Molecular
The actin cytoskeleton is linked to the extracellul@robes) or horseradish peroxidase (HPR; Amersham Life Science,
matrix by extracellular matrix receptors known as inté¥lington Heights, Iil.). Timed-pregnant hamsters were purchased

; i i ; i m Charles River Labs (Boston, Mass.) and housed at the Bos-
grins, a family of heterodimeric glycoproteins eadfm Charle : : _ >
composed of an- and aB-subunit. In response to extrag’nncggzﬁi@'.ty Medical Center (BUMC) Laboratory Animal Sci

cellular matrix ligand engagement, integrins form dy-
namic clusters which, in turn, lead to the formation of _
focal adhesion complexes at the cytoplasmic face (Hyssue preparation

nes 1992)' One integrin reCEptﬁﬂ” Serves as a heteroht 2, 5, and 14 days after birth, as well as adult, animals were

dimeric partner to a number afintegrins. Through its killed by exposure to CQollowed by cervical dislocation, as per
association with these differeatsubunits 81 functions BUMC institutional guidelines, and SMGs were isolated as de-

as a receptor for laminin, fibronectin, tenascin, and céf¥ibed previously (Mota et al. 1994). For immunoblot analysis,

ot ; _ glands were immediately placed on dry ice and stored frozen at
lagen type IV. On a mechanistic lev@ll links the ex —80° C until required. For confocal imaging dissected glands were

tracellular matrix outside the cell with the actin CytGixed for 30 min in 4% paraformaldehyde in PBS (pH 7.4), and
skeleton inside the cell via the network of focal contaghen stored in PBS at 4° C prior to staining.

associated proteins (Sastry and Horitz 1993; Watt and

Hertle 1994). Thus, its expression and distribution Iingmunofluorescence

likely to be interdependent with the organization of the
.actin_cyto_skeleton.. Sinqﬁl has bgen ShQW_n to fb!nC_tionrhe staining procedures for confocal analyses were as follows.
in epithelial cell migration and differentiation, this inteThe glands were tweezed apart into 1-mm fragments, permeabili-
grin is likely to participate in various aspects of gm@ed with 3% Triton X-100, and washed 3 times in PBS for 15 min
develobment at room temperature. F-actin was stained with FITC-phalloidin for

p ) . L. . .30 min in the dark, and then samples were washed 3 times in PBS

_In order to assess how cell proliferation is coordinategl 15 min at room temperature. For immunostaining, the samples
with cytoarchitectural and adhesive changes during SM@re blocked with goat antiserum to prevent non-specific binding,

development, we examined the localization of GPT, filgpsed with PBS, and stained with primary antibodies for 2 h at

; ; : : i otin~+FO0OM temperature. The antibody to hamg@erintegrin was used
mentous actin, an@l integrin durlng several dlSthtat a dilution of 1:500, while antibody to hamster GPT was used at

stages of the hamster SMG postnatal cytomorphodiffgfsooo dilution. The excess primary antibody was removed by
entiation using an immunohistochemical approach cahbree 15-min washes in PBS, and the tissues were incubated with
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FITC-tagged goat anti-rabbit or sheep anti-mouse IgGs as sec
ary antibodies (1:500) at room temperature. The excess secon
antibody was removed by four 15-min washes in PBS at room ] ) ]

temperature. In some cases, in order to better visualize the artmimediately after birth, the SMG begins to undergo ex-
tecture of the tissue, SMGs were simultaneously double staing@sive proliferation, with the mitotic index reaching the
with phalloidin tagged with rhodamine and with primary antibo fighest value within 5 days postpartum (Devi and Jacoby

ies specific for the protein of interest followed by FITC-conjugal- . ? . . . ;
ed secondary antibodies. Samples were mounted in antifade méd©6). Thereafter, this high proliferative activity begins

um on slides with nail polish spacers, coverslipped, and viewedtondecline, concomitant with an increased transition of
a confocal microscope. cells from neonatal phenotypes to differentiated acinar
and ductal cells. In order to assess expression and distri-
bution of GPT and other developmentally relevant pro-
teins during SMG postnatal development, the following
Immunohistochemical staining was analyzed with a Leitz (Leigdages of cytomorphodifferentiation were examined: 2
USA, Deerfield, Ill) confocal laser scanning microscope (with adays postpartum, when cells begin to proliferate exten-
gon laser). For single staining of F-actin with FITC-tagged phajiyely: 5 days postpartum, reflecting a high mitotic index

loidin, a series of optical sections of day 5 SMGs were taken s : ; _
0.25-pum intervals at 500% magnification. Typically, a conglomergﬁ’{d the transition from undifferentiated cells of the ter

tion of eight images, at 200x magnification, was used per image
printout for each developmental time course. In cases where dou-
ble staining was used, confocal images reflect scans throughjg

Sults

Confocal imaging

Postnatal stage-specific SMGs were homogenized on ice in RIRR-

buffer (50 mM TRIS, pH 6.8, 5mM EDTA, 150 mM NaCl, 1%
NP-40, 0.1% sodium deoxycholate, 0.1% SDS) containing 5007.
pg/ml leupeptin, 50 mM PMSF, 10 mM benzamidine, 5 mg/m
aprotinin, and 2.5 mg/ml soybean trypsin inhibitor. Following ho-
mogenization, samples were incubated in RIPA buffer supple-
mented with protease inhibitors for 30 min at 0° C. Chinese hamM
ster ovary (CHO) cells (CHO 1-15000) were purchased from
ATCC (Rockville, Md.), grown in F-12 media supplemented with
10% NBS, 100 U/ml penicillin, 100 pg/ml streptomycin, and 25948-
ng/ml of amphotericin B (Life Technologies, Gaithersburg, Md.),
and harvested at 30% and 100% confluency. Cells were pelleted,
washed with PBS, resuspended in RIPA buffer containing protease
inhibitors (see above), and homogenized on ice. Protein CONCENtras  wmmy wmw = -t <prot C
tions were determined using a BCA protein assay (Pierce, RocRY~™ =+ -
ford, Ill.). The homogenates were then diluted with an equal vol 2
ume of 2x Laemmli buffer, boiled for 5 min, and centrifuged, ancl4 7
samples (45-100 pg, as indicated) were subjected to electrophore-
sis using precast 8% (protein C, ZZ3, andmylase) or 12%f3¢
actin, 31 integrin, and GPT) TRIS-glycine gels against Multimark
standards (Novex, San Diego, Calif.) under reducing condition
Gel contents were transferred to nitrocellulose membranes using
Novex XCell Il Blot; membranes were air dried overnight, anti48-
then blocked in PBS-T, 10% non-fat dry milk for 1 h at room tem-
perature. Blots were incubated consecutively with primary anti-
bodies, either anti-rat protein C (1:500), anti-rat ZZ3 (1:5000), angq..
ti-hamster GPT (1:5000), anti-human salivaramylase (1:2000),
anti-humanp-actin (1:500), anti-hamsté¥1 integrin (1:2000), or

the corresponding preimmune sera, and secondary (HRP-conjugélg'
ed anti-rabbit or anti-mouse IgG) antibodies (1:3000), and deve
oped with ECL detection reagents, as per the manufacturer's in-
structions (Amersham). For peptide competition study, anti-ham@2-
ster GPT (1:5000) was preincubated with antigenic peptide (1@7_
pa/ml) at 37° C for 1 h prior to incubation with blot. Images were
captured on Reflection autoradiography film (Dupont/NEN,
Bosten, Mass.), and signal intensities were quantified using Kodak

ed, co r : 2 5 14 Ad days
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Digital Science 1D Software (Eastman Kodak, Rochester, N.¥gjg. 1 Immunodetection of Bl-immunoreactive proteifsl{R),
version 1.0.2. Amounts of samples and the exposure times wanatein C prot C) anda-amylase A) in the postnatally developing
chosen to assure linearity of the signal. Typically, immunobldtamster submandibular gland (SMG). Tissue homogenates (100 pg

were performed several times with SEM indicated.

for B1l-immunoreactive proteins and 45 pg for protein C @fzoin-

ylase) from indicated developmental time points were analyzed by
western blotting. The results are an average of four independent de-
terminations, with the standard error of the mean (SEM) shiglwvn.
Multimark molecular weight standards (Nove&y adult
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b

intercalated duct

Fig. 2A, a, B, b Characterization of actin expression in the post-

natally developing hamster SM@\ Confocal micrographs of
B postnatal stage-specific hamster SMGs stained with FITC-phalloi-
din. Each image print-out represents a conglomeration of eight im-

GI(\),I_ 2 5 14 Addays 27'3 ages, 1y thick with 2 g spacings. In 2-day-old SM@&s ghort,
- intercalated ducts display intense, apical stainargo(s). Termi-
. S 9 nal secretory unitsuj are indicated. Long and branched ducts are
e < B-actin @ detectable grrows) in 5-day-old SMGs §), with apical regions
42- 5 highly stained. The 14-day-old SMA&4) shows cortical actin
21 staining, most intense in the apical portions of ductal and myoepi-
8 thelial cells.a Apical, b basal. Adult SMGsAd) display staining
30= E of cortical actin and myoepithelial cella. Close-up of day 14

0

SMG showing basal striations of striated duct cedsrows).
2 5 14 Ad b schematic representation of the adult SMG, with acini, and in-
days tercalated and striated ducts indicaidVestern blot analysis of
B-actin levels during postnatal development of hamster SMG.
Each developmental time point represents 100 pg of total tissue
homogenate protein. The results are an average of four indepen-
. . . _ dent determinations; the SEM is indicat&ét Multimark molecu-
minal tubules into terminal buds; 14 days after birtkar weight standards (NoveRd adult

when proliferation becomes abated and many acini and
ducts acquire fully differentiated, functional phenotypes;
and adult, with acini completely replacing the terminaihclear whether this protein was synthesized in hamster.
buds and ducts grown to mature size, each comprishgftibodies raised against the rat B1 (Mirels and Ball
polarized, functionally differentiated cells. 1992) were cross-reactive with the hamster SMG pro-
The differentiation status of the hamster SMG at tleins, exhibiting electrophoretic mobility predicted for
distinct postnatal stages was determined by examinthg rat protein of approximately 27 kDa (Fig. 1). B1-im-
the production of the neonatal secretory proteins, B1 andnoreactive proteins were detected in the highest
protein C, and differentiation-specifie-amylase (Fig. amounts at days 2 and 5 of the postnatal period, declin-
1). Although transient production of B1 by the rat SM@g more than threefold at 14 days postpartum. Interest-
type Il cells has been reported (Ball et al. 1988), it wagly, this protein was also detected in tissue homoge-



Fig. 3 Actin distribution in ductal cells of day 5 SMGs. Confocahates from the adult SMGs. Also, the abundance of pro-
images of day 5 SMGs stained for filamentous actin with rhodgsin C was high in days 2-5 postpartum, reaching the
mine-conjugated phalloidin. Glands were viewed on a Leitz (Lsf%;;est level in the functionally differentiated adult gland

ca) confocal scanning microscope (with argon laser) at 500x m . . .
nification. Images are consecutive scans through tissue at 0.25mi@- 1). As in rat, the hamster SMG protein C migrated

intervals, from 0 to 2 um as indicaterows point to F-actin, as with the molecular weight of 89 kDa (Ball et al. 1988).

optical sections move away from the apical regions of the cells ljgr contrast, the amount of hamster SM@mylase in-

ing the duct creased during postnatal development from barely de-
tectable at day 2 to a maximal value at day 14, after
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A
B M 2 5 14Ad days Fig. 4A, B Temporal and spatial imaging @fL integrin expres-
sion in the postnatally developing hamster SMGConfocal im-
250 = ages of SMGs stained f@d. integrin with primary and FITC-con-
148 = S 3‘ jugated secondary antibodieg€en), and for F-actin (rhodamine-
68- el ol o <B1 g conjugated phalloidinred). Tissues from 2-, and 5-day-old ham-
; ) sters R and5, respectively), as well as adultad), were viewed
ga: .:1 on a Leitz (Leica) confocal scanning microscope (with argon la-
; ser) at 200x magnification. Images represent 1-um-thick optical
22~ 2 sectionsB Western blot analysis @1 integrin 1) levels during
17= ‘E postnatal development of hamster SMG. Each developmental time
? point represents 100 ug of total tissue homogenate protein. The re-
6= ~0 sults are an average of four independent determinations; the SEM

2 5 14 Ad isindicatedM Multimark molecular weight standards (Noved
days adult

which its levels declined to approximately 60% of thend 5 days postpartum (Fig. 2A). At 5 days, some of the
day 14 value in the adult (Fig. 1). No signals were derminal secretory units still displayed intense actin
tected when preimmune sera were used instead of pristaining, suggesting ongoing cytodifferentiation of acini
ry antibodies for B1-immunoreactive proteins, protein @nd intercalated ducts. By day 14 postpartum, many ter-
and a-amylase (data not shown). The decline in dhe minal secretory units reached their mature size, with in-
amylase abundance in the adult tissue homogenates demse cortical actin staining in the apical regions of cells
pared to the 14-day-old stage may reflect a dilution €Fig. 2A). Characteristic of differentiated striated ducts,
fect due to an increase in the relative levels of other aciétls with basal striations and large nuclei, as well as
SMG proteins. strong apical actin concentration, were detected (Fig.
Cytoarchitectural characteristics of the developi®p). In the adult gland, the overall phalloidin staining
SMG in vivo were ascertained with confocal microscopyas much lower compared to the neonatal SMG and lim-
(Paddock 1994) using phalloidin to visualize F-actin lited primarily to cortical actin, which remained more
calization and distribution (Fig. 2A). Phalloidin staininggronounced in the apical regions of ducts (Fig. 2A).
also provided an image of the organization of cells with- A noted decline in the levels of actin expression with
in the developing tissue (see schematic, Fig. 2b). In fhr@gressive SMG differentiation has not been described
2-day-old glands, cortical actin delineated extensive |diiefore. The abundance of total actin during the postnatal
ulation as well as branching of ducts, although at tldsvelopment of SMG was also assessed with immuno-
stage the ducts were short with highly stained luminal tdetting (Fig. 2B). The levels of actin expression fol-
gions (Fig. 2 A). The staining of lobules is likely to relowed the pattern observed with confocal imaging of F-
flect cortical actin of salivary cells and, possibly, the suaetin, being high in the neonatal glands and declining
rounding myoepithelial cells. The most intense F-actdarply with differentiation (Fig. 2B). Since actin has
staining was localized to the apical regions of cells in theen shown to be regulated with growth, such downregu-
terminal secretory units. This accumulation of F-actin iation of actin expression with diminished proliferation
the terminal branches suggested that cytoarchitecturaliseexpected (Lau and Nathans 1987).
organization might be taking place, and that the latter Spatial distribution of F-actin during SMG postnatal
might be involved in the polarization that accompaniégvelopment was further investigated in tissue samples
cytodifferentiation of the immature acini and intercalatedlained with rhodamine-conjugated phalloidin, optically
ducts. In the 5-day-old gland, the ducts were much Isectioned at 0.25-um intervals (Fig. 3). The dramatic im-
ger compared to the 2-day-old tissue, indicating that thesyes allow visualization of F-actin as sections move
underwent significant growth and branching betweenaay from the apical regions of the cells lining the duct.
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actin

B

M 2 514 Ad days Fig. 5A, B Temporal and spatial imaging of GPT expression in
the postnatally developing hamster SMGConfocal micrographs
148- 35 of SMGs double stained with polyclonal anti-hamster GBT5(
4] 14, andAd) and rhodamine-phalloidin2{, 5, 14, andAd). The
60- 24 secondary antibody was goat anti-rabbit heavy and light chain 1gG
2 conjugated to FITC. Representative dutitgnd lumenlj in a 2-
42- ,’53 day-old gland Z and2') are indicated. Localized areas of high and
02 low intensity staining in a 5 day-old glandgnd5’) are indicated
30 é (arrows). 14, 14’ 14-day-old SMGAd, Ad adult SMG.B Western
"I — <GPT 81 blot analysis of GPT levels during the postnatal development of
22- . o hamster SMG. Each developmental time point represents 100 pg
17- . 0 of total tissue homogenate protein. The results are an average of
2 5 14 Ad four independent determinations; the SEM is indicakédviulti-

days mark molecular weight standard (Nov:x)

The top arrow indicates that actin localizes primarily teflect its presence in myoepithelial cells. Immunoblot
the apical regions of duct cells. The bottom arrow is fanalysis showed that although the distributiofbfinte-
reference as the optical sections pass through differgnb was dramatically altered during SMG postnatal de-
planes of the duct. velopment, its levels were not significantly modulated
Changes in the distribution and abundance of acffig. 4B).
during postnatal development suggested that immatureThe temporal and spatial expression of GPT was eval-
salivary glands underwent reorganization during the eaated using double staining of developmental-stage spe-
ly stages of the postnatal period. To examine this noticific SMGs with anti-GPT antisera and phalloidin (Fig.
further, we determined the expression and distribution5)f The highest level of staining was detected in the neo-
B1 integrin, a heterodimeric partner to varicmsnte- natal, 2-, and 5-day-old glands, compared to later postna-
grins and member of a family of transmembrane recegl stages (Fig. 5A). In the 2-day-old gland, most cells,
tors that mediate both cell-cell and cell-matrix interagcluding the terminal secretory units and ducts, exhibit-
tions (Fig. 4). These tissues were double stained with ad-an evenly distributed staining. This stage of postnatal
ti-B1 integrin antibody (green) and phalloidin (red). Aldevelopment correlates with a high mitotic activity of the
though in the neonate, some of fBi integrin was al- gland (Devi and Jacoby 1966), reflective of active prolif-
ready localized to the basal lamina, a significant fractienation of the terminal secretory units and ducts. A direct
of the protein appeared dispersed over the cell membraomparison of this section stained for GPT and actin
(Fig, 4A). The localization o1 to the basal membraneshowed that both acini and ducts were labeled, while lu-
increased from day 2 to day 5 (Fig. 4A). In the adidt, minal regions were negative (Fig. 5A). The even distri-
was limited to regions where cells interact with bashilition of GPT, an ER membrane protein, in cells of neo-
lamina (Fig. 4A). Some of thBl integrin staining may natal glands is likely to reflect their unpolarized nature.
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A B the presence of protease inhibitors (Scocca et al. 1995;
Huang et al. 1998). The specificity of the anti-GPT anti-
M
143_SMG P.Q 1T8_SMG - body was confirmed in a competition study in which a
60- . 10-pg/ml antigenic peptide was incubated with the anti-

body (1:5000 dilution) at 37° C for 1 h prior to western
blot analysis (Fig. 6). No signal was detected when pre-

42- - . - . :

o immune serum was used instead of the primary antibody
30T T <GPT 30- (data not shown).
22. 22. Spatial and temporal analyses using confocal imaging

localized GPT to unpolarized, highly proliferative re-
17- 17- gions of the gland (Fig. 5A). Moreover, immunoblot as-
says of GPT at the distinct developmental stages showed

.*;-;’4 that its abundance correlated with a high proliferative ac-
53 tivity of the neonatal glands (Fig. 5B). Therefore, similar
£ to yeast (Kukuruzinska and Lennon 1994), ALG7 ex-
gz pression in hamster SMG was proliferation dependent,
®1 being attenuated with growth arrest and differentiation.
'020 This proliferation-dependent behavior of hamster GPT

P Q was confirmed in actively dividing versus growth-arrest-
ed CHO cells (Fig. 6). As expected, GPT from the CHO
Fig. 6 Growth-dependent GPT expression in Chinese hamster cg@lls migrated with the same mobility, 33 kDa, as the

ry cells. Cell lysates (100 ug), prepared from cells grown to eitf’@)ecies from the 5-day-old SMG.
30% () or 100% Q) confluency, were analyzed for GPT expres-

sion by western blotting. For comparison, homogenates (100 pg)
from day 5 hamster SMGSKG were used. The results are an av— .
erage of three independent experiments; the SEM is illustrated. Miscussion
control to show specificity of the antibody, anti-hamster GPT was

reincubated with an excess of antigenic peptide prior to incubati i i i
\[/)vith the blot.M Multimark molecular 8veighf st%ndar% (Novex) :f% dritaer"n::”tlgﬁ aﬁ l;gﬁ\\;\g;yag?;; dgzgsglcog;”? gg?mssmze”%?l?g
other developing tissues, however, they are likely to en-
The staining characteristics were altered in the 5-day-tdd a coordinated interplay of proliferation, morphogene-
glands, which displayed high GPT expression only &is, and cell-substratum interactions. Indeed, confocal
certain regions of the gland, becoming abated in otharslyses presented here provide evidence that hamster
(Fig. 5A). It is likely that regions with abundant, evenlgMG development is a complex process involving re-
distributed GPT represent proliferating cells of the devegjionalized proliferation and differentiation. Judging by
oping terminal secretory units. At the 14-day stage, whitre levels of expression and distribution of GPT, actin,
many cells displayed already differentiated phenotyp@d, integrin, and neonatal and differentiation-specific
the amount of GPT-specific staining declined significarroteins, the early stages of SMG postnatal development
ly, being limited primarily to basal regions. Since in paeentail primarily cell proliferation, with differentiation be-
larized salivary cells, ER is at the basal surface, the GEdming predominant by day 14 and continuing into the
staining appears to reflect the highly differentiated statagult state. Our studies also show that variations in the
of the tissue at this stage of development (Fig. 5A). lelationships among GPT, actin, a@d integrin expres-
the adult gland, all GPT-specific staining was detectsn determine the differentiation state of salivary cells
only along the basal lamina (Fig. 5A), although it is alsathin the developing tissue. Because salivary cell prolif-
possible that some of the GPT was in myoepitheliatation and differentiation appear to be opposing pro-
cells. No signal was detected when preimmune sergesses, SMG development resembles the paradigm of
was used instead of primary antibody (data not showabher developing systems, where the markers of differen-
These results further support the previously reportgdtion are not expressed until cells exit the cell cycle
studies which showed that tunicamycin, an inhibitor ¢®lson and Klein 1994).
GPT, dramatically decreased epithelial cell proliferation The observation regarding the high proliferative activity
but not branching (Bassett and Spooner 1987). Immui-the neonatal hamster SMG was reported previously
blot analysis of GPT in the postnatally developing SM®evi and Jacobi 1996). The confocal imaging data and
showed that the amount of GPT correlated with the pioymunoblotting assays show that the abundance of GPT
liferative activity of the gland, increasing from 2 to Sorrelates with cell proliferation, cytoskeletal rearrange-
days postpartum and then becoming progressively attarent, and redistribution of cell surface receptors. At day 2
uated with diminished cell division, reaching the lowepbstpartum, a majority of cells displays high levels of GPT
level in the functionally differentiated adult tissue (Figexpression. Specifically, in the immature cells of the termi-
5B). Although the predicted molecular weight of hanmal secretory units, GPT is evenly distributed. Moreover,
sters GPT is 46 kDa, it has been reported to display alibe-temporal expression of GPT parallels that of B1-immu-
rant mobility upon electrophoresis, 33-36 kDa, even moreactive proteins and protein C, the previously reported
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markers for the neonatal proacinar (type lll) and producpaession is not greatly altered with progressive develop-
(type ) cells in the rat SMG, respectively (Ball et al. 198&ent, upon differentiation it becomes localized to adhe-
Denny et al. 1997; Mirels and Ball 1992). Based on tee structures along the basal lamina. This may reflect
temporal nature of the inverse relationship between neotiet changes if8l integrin heterodimer affinity are in-
tal and differentiation-specific proteins, these data indicatelved in the regulation of SMG morphogenesis.
that at days 2 and 5, the majority of cells are immature andlhe studies reported here indicate that SMG develop-
that they become differentiated by day 14. ment entails temporal and spatial coordination among
Imaging of actin alone clearly delineates the roundedll proliferation, cytoarchitectural organization, and the
morphology of immature salivary cells. Because thesstablishment of stable cell-substratum interactions.
cells appear unpolarized, and because ALG7 belong€taxrh of the protein markers examined here, GPT, F-ac-
a class of early growth response genes (Kukuruzingkg andp1l integrin, is itself functionally important and,
and Lennon 1994), most of the cells exhibiting high lemost likely, regulatory. Moreover, it is possible that these
els of GPT are likely to be engaged in the cell cycle. Thad other proteins affecting proliferation, polarization,
proliferation-dependent nature of GPT is also supportadd adhesion interact with each other, either directly or
by our results with actively dividing and quiescent CH®directly, making the above processes interdependent.
cells (Fig. 6). Furthermore, recent studies suggest tkat instance, GPT is likely to affect various aspects of
dolichol phosphate, one of the substrates of GPT, iSBIG development by regulating theglycosylation ca-
regulator of cell growth by affectiny-glycosylation of pacity of proliferating and differentiating cells (Rade-
the IGF-1 receptor (Dricu et al. 1997). Taken togethenaker et al. 1988). Recent studies show that polarized
these results align high levels of GPT expression wihowth of yeast cells is dependent birglycosylation
proliferation of immature salivary cells, and confirm ouiMondesert et al. 1997). In epithelial celld;glycans
previously reported RNA blotting and GPT activity studiave been suggested to function in polarized secretion,
ies (Mota et al. 1994). Similar downregulation of GPmost likely by serving as sorting signals (Fiedler and Si-
during development has been reported for the murimens 1995). Indeed, inhibition of GPT activity with tu-
mammary gland (Ma et al. 1996). nicamycin interferes with the apical secretion of the ma-
The dispersed distribution @fL integrin in the neona- jor glycoprotein, clusterin (gp80) in Madin-Darby canine
tal glands, when the mitotic index at its highest level, ikidney cells (Urban et al. 1987). Hence, changes in the
dicates that stable adhesive interactions are not estabels of GPT reported here may themselves be neces-
lished during active tissue proliferation. Singe func- sary for the events directing salivary cell proliferation,
tions in cell-substratum and cell-cell adhesions, our dgkalarization, and differentiation at distinct developmental
suggest that in the neonatal glands stable adhesive cstages. Likewise, alterations in the organization and dis-
plexes are not formed most likely to allow for proliferaribution of F-actin and31 integrin may affect the ex-
tion to proceed. pression of GPT and each other. Further studies, based
The proliferation pattern of the developing SMG is abn perturbing these proteins’ expression and observing
tered by 5 days postpartum, when some regions of the phenotypic consequences, are needed to assess their
gland continue to express high levels of GPT, but othéusictional significance in salivary gland development.
already show its attenuated abundance (Fig. 5A). Because
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