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ABSTRACT 
The pre- and post-natal salivary gland development is under influence of reciprocal molecular inter-
actions between oral epithelium and mesenchyme. Molecules such as fibroblast growth factor and ecto-
dysplasin promote initial bud formation of salivary glands. Wntsignaling leads towards completion of 
their development and Sonic Hedgehog (Shh) has a dual role, both during initial and final stages of Sali-
vary gland development. Dys-regulation of such tightly regulated molecular events can lead to certain 
acquired and developmental pathologies of the salivary glands which affect their integrity. The prelim-
nary knowledge regarding etiology of many acquired disorders is well-understood however knowledge 
regarding causative factors underlying developmental disorders is also essential. Therefore, this review 
emphasizes on the molecular factors which are involved in development of salivary glands and also the 
comparative difference that exists between the structure and function of rodents and human salivary 
gland. 

 
INTRODUCTION 
Saliva which is major secretion in the oral cavity of 
most vertebrates is produced by three pairs of major 
salivary glands (parotid, submandibular, sublingual) 
and approximately 600-1000 minor salivary glands 
located within labial, buccal, lingual mucosa. A pair of 
parotid glands lies at back of mouth in between upper 
and lower jaw over ramus of mandible in relation to 
the masseter muscle.1 Its duct called the Stensen’s 
duct, arises from the anterior border of the gland and 
opens into the oral vestibule just opposite maxillary 
second molar.2 Two submandibular glands (SMG) are 
located in the posterior part of floor of mouth within 
the submandibular triangle.1 Their duct is known as 
Wharton’s duct which opens beneath the tongue late-
ral to lingual frenum. Two sublingual glands (SLG) lie 
beneath the mucous membrane in the anterior part of 
floor of mouth under the tongue. It has a series of sma-
ll ducts (8-20)2 known as ducts of Rivinus opening alo-
ng sublingual folds and a large duct known as Bartho-
lin’s duct opening along with submandibular duct.3,4 
 
COMPARATIVE ANATOMY OF HUMANS AND 
RODENT SALIVARY GLANDS 
Although salivary glands of rodents and humans exhi-
bit certain similarities, butvary to some extent in their 
structure, location and development. The comparisons 
of both are as given as follows: 
1. In human beings, the parotid gland is the largest 

salivary gland followed by the submandibular and 
sublingual salivary glands while in rats submandi-

bular salivary gland is the largest salivary gland 
followed by parotid and sublingual salivary glan-
ds.5 

2. Human submandibular salivary gland lies inferior 
to mylohyoid muscle while rat submandibular gla-
nd lies on anterior side of neck having submandi-
bular lymph nodes on one side and sternum on the 
other side. Sublingual gland is situated on the late-
ral surface of submandibular gland and both the 
glands are enclosed by same sheath of cervical 
fascia.6 

3. Both human and rat ductal system consists of 
intercalated, striated and excretory ducts. But rats 
have an additional duct called granular convoluted 
tubule (GCT) which is an extension of striated 
duct, present distal to it7 and lies between striated 
and intercalated ducts.1,6 These are more promi-
nent in rat submandibular glands. They can also 
be induced in rat parotid glands after treatment 
with thyroid hormone.7 

4. The acinar cells of both human and rat parotid gla-
nds are purely serous and secrete saliva having a 
watery consistency. While human submandibular 
salivary gland is a mixed gland with both serous 
and mucous acini having serous demilunes1, rode-
nt submandibular gland is a serous gland (Fig. 1). 
The intercalated and striated ducts are well-deve-
loped in both species in both glands. The sublin-
gual gland of both species is again a mixed gland 
having both the serous and mucous acinar cells6 
(Fig. 2). 
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Fig. 1: Hematoxylin and Eosin stained section of SMG of 
rat showing numerous serous acini having rounded 
nuclei (yellow arrow) and striated ducts with colu-
mnar epithelium and normochromatic nuclei (blue 
arrow) under 40x magnification. 

 
5. In rodents, the submandibular salivary glands 

develop ahead of sublingual glands and parotid 
glands are last to develop1 while in humans, paro-
tid glands are first to develop followed by subman-
dibular glands followed by sublingual glands.8 

 

 
 

Fig. 2: Hematoxylin and Eosin stained section of SLG of rat 
showing numerous lightly stained mucous acini hav-
ing basaly pushed nuclei (yellow arrow) and darkly 
stained striated ducts with columnar epithelium and 
normochromatic nuclei (blue arrow) under 40x mag-
nification. 

 
MOLECULAR ASPECTS OF SALIVARY GLAND 
DEVELOPMENT 
The rodent submandibular gland is an excellent model

to study stages of salivary gland development as their 
structure, function and developmental stages are much 
similar to that of human beings. The embryonic deve-
lopment of submandibular salivary glands of mouse 
begins at embryonic day 11 (E 11).9 The oral epithelium 
is separated by the underlying neural crest cell-derived 
mesenchyme (ectomesenchyme) by a sheet of extra-
cellular matrix.10 It is reported that development and 
maintenance of salivary glands is dependent upon reci-
procal coordination between epithelium and mesen-
chymal interactions.11 
 
Prenatal Development of Salivary Glands 
Development of salivary glands can be best described 
by dividing the developmental stages into pre-bud, ini-
tial bud, pseudo-glandular, canalicular and terminal 
bud stage1 as shown in Figure 3. 
 

 
 

Fig. 3: Stages of pre-natal development of salivary glands 
(modified from Tucker et al, 2007). 

 
 Development of salivary glands initiates as thic-
kening of oral epithelium during pre-bud stage of Sali-
vary gland development. During this stage, fibroblast 
growth factor-10 (FGF10) which is located in the mese-
nchyme, signals for the formation of initial bud. In 
homozygous mutants of FGF and its receptor fibrob-
last growth factor receptor-2 (FGFR2), the develop-
ment arrests at this stage with no gland formation.12 In 
addition to FGF, another signaling molecule, Pitx2 
plays the same role indirectly. It acts synergistically to 
increase the effect of FGF and antagonizes the function 
of Bone Morphogenetic Protein (BMP) which in return 
antagonizes FGF.1 Platelet-derived growth factor (PD-
GF) is also  important as it induces the expression of 
FGF to promote epithelial proliferation.13 Sonic hedge-
hog (Shh) promotes the formation of initial bud. FGF 
signaling is important in early stages and it represses 
the expression of Wnts. Wnt signaling leads salivary 
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gland development towards maturation and hence its 
expression is increased when salivary gland develop-
ment is at the lumenization stage.14 
 Around E12, epithelial thickening protrudes down-
wards into the underlying mesenchyme12 forming an 
initial bud and hence forms the initial bud stage. 
Ectodysplasin (Eda) is expressed in mesenchyme and 
its receptor Ectodysplasin-A receptor (Edar) is expre-
ssed in the epithelium. At E13.5, clefts start to appear 
in the buds which divide it into multiple buds. It gives 
a glandular appearance known as pseudo-glandular 
stage.1 
 Salivary glands undergo process of branching mor-
phogenesis during their development similar to that 
seen in other organs such as lungs, kidneys and mam-
mary glands.14,15 Salivary gland bud continues to bra-
nch and many new buds are formed which gives it an 
overall appearance like bunch of grapes. Branching 
morphogenesis increases the surface area and this 
increased surface area is mandatory for producing suf-
ficient amounts of saliva.12 Branching morphogenesis 
starts with formation of cleft in the initial bud. Actin 
accumulates at the cleft site and causes cells to con-
tract and further buds are formed.15 Many growth fac-
tors and extracellular matrix components regulate this 
process of branching morphogenesis likeepidermal 
growth factor receptor (EGFR) and FGFR.16 
 The epidermal growth factor receptor (EGFR) and 
its ligand; epidermal growth factor (EGF) and trans-
forming growth factor-alpha (TGF-α) are present in 
the ductal epithelial cells and have a proliferative pote-
ntial. In mutant rats for EGFR, there is reduction in 
branching morphogenesis.12 During initial bud stage, 
EGF is not present and TGF-α has the proliferative 
potential at this stage. EGF appears by early canalicu-
lar stage in the terminal end buds while TGF-α appears 
by late canalicular stage on that part of ductal epithe-
lium which faces the lumen because this is the site 
where proliferation and apoptosis is very rapid at this 
stage.17 Developing salivary glands cells which secrete 
EGF are destined to become the ductal cells. EGF is 
absent in salivary acinar cells.18 EGF also positively 
regulates the effect of alpha-6 integrin. Alpha-6 integ-
rin is located on the basal surface of epithelial cells and 
regulates branching morphogenesis.1,19 
 Extracellular matrix components that include gly-
cosaminoglycans (GAGs), aforementioned alpha-6 in-
tegrin, fibronectin, cadherinsand collagens also regu-
late branching morphogenesis. These extracellular 
matrix components accumulate on the cleft site inste-
ad of the bud site.1,19 Fibronectin present in early epi-
thelial buds induces cell-matrix adhesions on epithelial 
cells of salivary glands. During initial stages of deve-
lopment, E-cadherin and catenin regulate the morpho-
genesis of submandibular glands while during advan-
ced stages of development, they make cell-cell junct-
ions. Matrix components are remodeled continuously 

during branching morphogenesis. Degradation of GAG 
under the influence of matrix metalloproteinases 
(MMPs) provides more surface area for the epithelium 
to proliferate. During early development, chondroitin 
sulphate (CS) is the predominant GAG but with adva-
nced development, chondroitin sulphate is replaced by 
heparin sulphate (HS).10,19 
 Matrix metalloproteinases (MMPs) not only degra-
de collagen, fibronectin and laminins but also activate 
heparin binding-epidermal growth factor (HB-EGF) 
which is also a ligand of EGFR and belongs to EGF 
family of cytokines. The accumulation and degradation 
of collagen is essential in cleft formation.20 If tissue 
inhibitor of metalloproteinase (TIMP) is added in vitro 
which degrades MMPs, it increases the number of cle-
fts thus increasing branching.1,16,19,20 
 Initially, developing salivary gland structure is a 
solid cord. To function as a mature gland, it needs to 
be hollowed out to transfer saliva from acinar cells to 
the oral cavity. In order to develop a lumen, outer epi-
thelial cells proliferate rapidly while central part 
undergoes apoptosis at the canalicular stage around 
E15.1 Tumor necrosis factor (TNF) is an important 
cytokine that regulates the balance between apoptotic 
activity and proliferative activity of salivary glands 
ductal epithelium. It binds to its receptor; tumor nec-
rosis factor receptor (TNFR) which is expressed in the 
ductal epithelium and presumptive acinar cells. After 
binding to extracellular domain of TNFR, it either in-
duces trimerisation to cause apoptosis or it activates 
NF-kB pathway to cause proliferation. This leads to the 
formation of lumen.1 
 Apoptotic activity in main salivary ducts for cana-
lization is also mediated by caspases mainly by ca-
spase-8.9 Salivary glands undergo further branching to 
reach the terminal bud stage at E17.1,19 Lumen format-
ion of terminal buds is regulated by p53 protein. Dur-
ing canalization, apoptosis of surrounding epithelium 
is prevented by NF-κB, Bcl2, and Survivin which are 
anti-apoptotic proteins.9 Both blood vessels and nerves 
also start to develop around the developing gland.12 In 
addition to initial bud formation, Shh has a role in 
lumen formation. Eda is also involved in lumen for-
mation of the developing buds.1 Lumen formation star-
ts in the proximal part of main duct and continues 
towards the distal ends and finally in the terminal 
buds.14 
 The parasympathetic innervation plays an impor-
tant role during salivary gland  development and rege-
neration as it keeps progenitor cell population in an 
undifferentiated state so that these cells can be used 
when required during organogenesis.21 The parasym-
pathetic nerves develop side by side along with the 
developing parenchyma of the salivary glands. Glial 
cell-derived neurotropin appears to be the main com-
ponent for the development of the peripheral nerves in 
case of parasympathetic nerves. While nerve growth 
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factor (NGF) plays a role in the development of sympa-
thetic nerves. If parasympathectomy is done in initial 
stages of salivary gland development, a reduction in 
the size of gland is observed.17 
 
Postnatal development of salivary glands: 
The development of rodent salivary glands is not com-
pleted prenatally and to function as a mature gland, it 
develops further during postnatal period. The postna-
tal development of mouse salivary glands is completed 
by 45 days after birth22during which myoepithelial cel-
ls and granular convoluted tubules also develop. The 
granular convoluted tubules arise from striated ducts 
and are a part of them. The salivary glands of rats com-
plete their morphological development by 7 to 10 
weeks.23 Post-natal development of acinar cells is ahe-
ad of the postnatal development of ductal system.24 
 It is concluded that salivary glands pass through 
pre-natal development that involves pre-bud, initial 
bud, pseudo-glandular, canalicular and terminal bud 
stages and becomes fully functional post-natally. Mole-
cules such as FGF, Shh, Eda, Edar, EGF, TNF, alpha-6 
integrin play important role during their development. 
Extracellular matrix components such as fibronectin 
and matrix metalloproteinases also play a crucial role 
during development especially in developing cell to cell 
junctions. The parasympathetic nerve supply aids in 
normal development of the salivary glands. Disturban-
ces in regulations of these molecules affect develop-
ment of salivary glands which can result from mild str-
uctural defects to complete absence of salivary glands. 
 
FUTURE PERSPECTIVES 
This review discusses molecular signaling between 
epithelium and mesenchyme during prenatal develop-
mental stages of salivary gland development. While 
much is known about pre-natal development, much 
research is needed to elucidate the molecular mecha-
nisms involved in postnatal salivary gland develop-
ment. Along with this, the role of blood vessels and 
nerves can also be further investigated. Further rese-
arch should be directed to investigate how various 
molecules involved in pre- or post-natal development 
can be incorporated for regeneration of the salivary 
glands that may help ultimately to understand or treat 
the congenital disorders of salivary glands. 
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