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ABSTRACT 

Introduction: We aimed to compare the gene expression of parotid gland 

derived stem cell in a three (3D) alginate hydrogel culture with that of a 

two-dimensional one (2D).  

Materials and methods: Five rats were sacrificed and the parotid glands 

were removed and cultured in DMEM/F12 medium supplemented with 15% 

FBS. The cells were characterized by flow cytometry and 

immunocytochemistry for evaluating the expression of genes. The cells 

were encapsulated in alginate hydrogel, then the differentiation was 

compared with that of a 2D culture. qRT-PCR was performed in order to 

evaluate the expression of Amy1, Cldn3, Cidn4, Ki67, Cyclin D1, Dpt, 

Meox2, Aquaporin 5, Pparg, Bpifa2e and Tp63 genes.  

Results: The harvested cells immunoreacted with CD90, CD44, and CD29, 

however, the immunophenotyping of CD45 and CD34 were negative. The 

immunocytochemistry results showed that they were strongly 

immunostained with K-7 and E-cadherin, but less with K-14. In the 3D 

culture, the cells differentiated into organoid bodies with round shape, there 

was duct-like structure extended from one pole. The qRT-PCR in the 3D 

culture showed increase in the expression of Amy1, Ki67, aquaporin5, 

Pparg, Bpifa2e and Tp63 genes compared to 2D culture. In contrast Cldn3, 

Cldn4, cyclin D1, Dpt and Meox2 genes were strongly expressed in the 2D 

culture.  

Conclusion: The results of flow cytometry and immunocytochemistry 

confirmed the properties of the isolated cells were parotid gland-derived 

mesenchymal stem cells. They differentiated into organoid body in the 3D 

culture using alginate as scaffold which expressed parotid gland 

differentiation genes.  
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INTRODUCTION 

Dry mouth can be caused by several conditions 

such as Sjögren syndrome and radiation therapy 

[1-3], one of the approaches is transplantation of 

salivary gland cells in the injured gland [4], 

while other investigators transplanted salivary 

gland cells differentiated from mice embryonic 

stem cells [5]. Recently, salivary gland organoid 

bodies have been used as transplants in order to 

restore the physiological function of the salivary 

gland [6] . These organoid bodies were also 

expected to be a promising tool for disease 

modeling, drug discovery and regenerative 

medicine in salivary glands [7]. Moreover, 

several investigators considered salivary gland 

morphogenesis as an in vitro model for salivary 

gland biology by forming organoid structures [8-

12]. This model has been used in transplantation 

experiments [13], however, due to the limited 

growth and self-renewal capacity of the salivary 

gland stem cell [14], an alternative approach 

using organ bioengineering has been considered 
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[15-18]. The most challenging part of acinar cell 

culture was the paucity of the cells [18, 19], 

therefore, the use of a suspended cell culture 

could aggregate to form a 3D sphere in tissue 

culture, this culturing system could improve cell 

survival, proliferation, and function [20]. Tissue 

engineering is an approach to generating 

artificial glands using acinar epithelial cells with 

a supporting scaffold, this can be applied for 

constructing glandular structure using a 3D 

culture. Natural or synthetic hydrogels were 

utilized as scaffolds because they resembled 

extracellular matrix. For example, several 

synthetic polymers were used such as 

polycaprolactone and poly ethylene glycol as 

scaffolds in salivary gland tissue engineering 

[21].  

On the other hand, there are many genes 

involved in parotid gland development in 

rodents, for example, early growth response 1, 

mesenchyme homeobox 2 and dermatopontin 

(Dpt), Egr1 and Meox2 genes. They are 

expressed during embryogenesis and are 

responsible for the fate determination of the 

parotid gland in mouse embryo [22], whereas 

Aquaporin 5 gene is considered a differentiation 

marker for proacinar cells [23]. Pparg gene, a 

transcription factor, transiently increases during 

mid-postnatal of parotid acinar cell 

differentiation, however, adult parotid acinar 

cells do not express Pparg gene [2, 23]. Alpha-

amylase and parotid secretory proteins (Bpifa2e 

gene) are known as terminal differentiation 

markers [2]. These genes are considered in this 

investigation for evaluating parotid gland cell 

differentiation and growth in the 3D culture. 

Some genes are considered for evaluating cell 

growth and proliferation, such as Ki67, a protein 

with a half-life of only ~1-1.5 h and is present 

during all active phases of the cell cycle (G1, S, 

G2 and M), but it is absent in resting cells (G0 

phase) [24]; Cyclin D1, a key cell-cycle 

regulatory protein required for the cell progress 

through G1 to S phase, is also considered in this 

study [25]. 

 We intend to investigate the growth and 

differentiation genes of parotid cell cultured in 

an alginate 3D scaffold. The expression level of 

Amy1, Cldn3, Cidn4, Ki67, Cyclin D1, Dpt, 

Meox2, Aquaporin 5, Pparg, Bpifa2e and Tp63 

genes will also be evaluated. Moreover, the 

differential gene expression between the two-

dimensional culture (2D) of parotid gland-

derived cells and those encapsulated in alginate 

hydrogel will be investigated. 

MATERIALS AND METHODS 

Animals 

Five rats (6 to 8 weeks) were housed in the 

Tarbiat Modares University animal facility under 

controlled humidity, temperature, and a 12 hours 

light/dark cycle. They were fed on standard diet 

with freely available food and sterile water. All 

of the animal experiments were approved by the 

Faculty of Medical Sciences ethical committee at 

Tarbiat Modares University 

(IR.MODARES.AEC.1401.030). From each 

sacrificed rat, tissue was sampled and confirmed 

that they it was were a parotid gland.  

Preparation and characterization of parotid 

gland-derived cells 

The parotid gland-derived cells were isolated 

and cultured by mincing the gland into small 

pieces followed by enzymatic digestion (1 

mg/mL collagenase type I: Invitrogen, 

Eggenstein, Germany) for 30 minutes and then 

the digestion medium was discarded. The 

isolated cells were washed with 5 mL of 

DMEM/F12 (Invitrogen, Eggenstein, Germany) 

three times and were seeded into a dish in the 

same medium supplemented with 15% FBS 

(GIBCO; Paisley, UK), incubated in a 5% CO2 

incubator at 37 ºC and cultured for three days. 

On Day 3, the medium was replaced with a fresh 

one. On Day 7, the adherent cells were harvested 

by digestion with Trypsin/EDTA (0.05% trypsin 

and 0.02% EDTA: Invitrogen, Eggenstein, 

Germany). The cells at passage 3 were used for 

2D and 3D cultures.  

Characterization of the cells was done by 

harvesting the cells in trypsin/EDTA, then they 

were washed twice with phosphate buffer 

solution, resuspended and evaluated by flow 

cytometry for the following markers: CD90 

(anti-CD90 mouse monoclonal antibody, abcam, 

Cambridge, UK); CD44 (anti-CD44 mouse 

monoclonal antibody, abcam, Cambridge, UK); 

CD29 (anti-CD29 mouse monoclonal antibody, 
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abcam, Cambridge, UK); CD34 (anti-CD34 

mouse monoclonal antibody, abcam, Cambridge, 

UK) and CD45 (anti-CD45 mouse monoclonal 

antibody, abcam, Cambridge, UK) [26]. Another 

set of cells were subjected for 

immunocytochemistry using antibodies against 

keatin-7, E-cadherin and keratin-14.  

Immunocytochemistry 

The cells in the 2D culture were seeded on a 

cover slip for one week, washed in phosphate 

buffer solution (pH 7.2), fixed in buffered 

paraformaldehyde (4%), washed twice in 

phosphate buffer solution, treated with 10% goat 

serum (to prevent nonspecific reactions), 

inhibited for endogenous peroxidase (H2O2: 3%), 

permeated with triton x100 (0.3%: Sigma-

Aldrich, St. Louis, MO), labeled with primary 

antibodies, incubated with peroxidase conjugated 

secondary antibody and examined under a 

photomicroscope, respectively. 

The primary antibodies are as follows: Mouse 

anti- E-cadherin monoclonal antibody (1/500; 

abcam, Cambridge, UK), Rabbit anti-K7, 

polyclonal antibody (1/500; abcam Cambridge, 

UK), Rabbit Anti-K14, polyclonal antibody 

(1:500; abcam Cambridge, UK) Rabbit anti-

mouse, polyclonal antibody conjugated with 

peroxidase (1:500; abcam Cambridge, UK) and 

goat anti-rabbit, polyclonal antibody conjugated 

with peroxidase (1:500; abcam Cambridge, UK) 

[27]. 

Preparation and characterization of alginate 

hydrogel 

In order to encapsulate the cells with alginate 

hydrogel, alginate (0.1 g) was dissolved in 

DMEM/F12 medium (1.0%: w/v), the cross-

linker (CaCl2) was added (volume ratio for 1% 

alginate: CaCl2; 10:1), the alginate hydrogel was 

formed by stirring for 5 hours [28].  

Characterization of alginate hydrogel 

Scanning electron microscopy 

The samples from alginate hydrogel and 

encapsulated cell alginate hydrogel were 

lyophilized by a freeze dryer (Martin Christ, 

Osterode am Harz, Germany) for 24 h. The dry 

encapsulated cell/hydrogel was coated with gold 

and analyzed by SEM at 15 kV (Zeiss 912 

Omega (Oberkochen, Germany) [29]. 

Swelling ratio of the hydrogel 

The alginate powder was dissolved in deionized 

water by stirring at room temperature (RT) for 

12 h. The resulting aqueous was 1.0% solution 

of alginate hydrogel, which was formed by 

pouring the alginate solution on a glass coverslip 

and placing it in a 15 mL cross-linking solution; 

then the cross-linking solution was removed 

before weighing the hydrogel, which was 

measured by subtracting the weight of the 

coverslip. The cumulative mass of a glass-gel 

sandwich was measured and the average weight 

of the glass coverslips was subtracted so as to 

obtain the hydrogel’s mass. At least three 

independent samples were prepared for every 

experiment [30]. 

Encapsulation of cells in alginate hydrogel 

The cells were (5x10
5
/mL) mixed with the 

prepared alginate solution (using DMEM/F12 

supplemented with 15%), then dripped in the 

cross-linker CaCl2 solution, where the final 

CaCl2 solution was a 1%. The alginate hydrogel 

disks were washed in phosphate buffer solution 

and transferred to a 37 °C incubator with 5% 

CO2 and 95% moisture [31]. 

MTT assay  

This experiment tries to evaluate the cytotoxicity 

and survival of encapsulated cells in the alginate 

hydrogel and the control groups. The cultured 

cells were placed on the bottom of a 96-well 

plate and were cultured for 1, 3 and 7 day(s) so 

as to evaluate the viability (comparing between 

2D and 3D groups). The supernatant was 

removed, and then 150 μl of MTT solution was 

added to each well and incubated for 4 hours at 

37 ° C. After 4 hours, the MTT solution was 

removed from the wells and 100 μl of DMSO 

(dimethyl sulfoxide) was added on each well. 

After converting the purple crystals to a soluble 

form in DMSO. absorption by Elisa reader at 

570 nm was evaluated [32].   

qRT-PCR 

The gene expression was evaluated by 

quantitative reverse transcriptase polymerase 

chain reaction (qRT-PCR) performed on the 

encapsulated cells seeded in the 2D culture (21 

days). The control was the cells seeded in the 2D 

culture at day zero. The following genes were 
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used in the study: Amy1, Cldn3, Cidn4, Ki67, 

Cyclin D1, Dpt, Meox2, Aquaporin 5, Pparg, 

Bpifa2e and Tp63 genes. GAPDH was used as a 

housekeeping gene (internal control). The 

primers were designed using primer3 software 

version v. 0.4.0 (https://bioinfo.ut.ee/primer3-

0.4.0/). 

The sequences of the primers and fragment 

size are listed in table 1. The cells were lysed 

using the ready Cell Lysis Kit (Roche, Basel, 

Switzerland), then RNA extraction was 

performed (Trizol reagent; Invitrogen, 

Germany), and the solution was added to the 

microtube containing the cells. After 5 minutes 

of incubation on ice, 200 µl of chloroform was 

added to the solution and shaken for 15 seconds, 

then centrifuged at 4 °C for 15 minutes at 12000 

RPM, forming three phases, the upper phase 

being clear and containing the RNA, it was 

removed, mixed with an equal volume of 

isopropanol and incubated for 15 minutes at 4 °C 

and then centrifuged at the same temperature for 

15 minutes at 12000 rpm. Seventy percent 

ethanol was added to precipitate the RNA, and 

after vortexing, it was centrifuged at 7500 rpm 

for 4 minutes at 4 ° C. After drying the alcohol 

(20 microliters of the DEPC-treated water 

(0.1%) were added to the precipitate, and after a 

short centrifugation, it was incubated for 60 

minutes at 60 ° C and then stored in a freezer at -

80 °C. In order to avoid possible contamination 

of the RNA with the DNA, the solution was 

treated with RNase-free DNase enzyme and the 

purity and concentration of the RNA were 

checked. cDNA synthesis was performed 

according to the protocol of the manufacturer 

(Fermentas, USA) and finally the RT-PCR 

reaction was performed by mixing 10 μl of 

Master Mix 2X and 25 ng of cDNA with forward 

and reverse primers with a thermal cycler T100 

(Bio-Rad Laboratories, Hercules, CA). The 

evaluations were performed three replications 

and were expressed as mean ± standard deviation 

(SD) [33]. 

Statistical analysis 

The results of this study are statistically analyzed 

by SPSS (V16, 2016; IBM, USA). The results of 

the genes quantitative study were evaluated by 

One Way ANOVA statistical test, the difference 

between the means was considered significant at 

the level of P≤0.05. 

RESULTS 

Cell isolation and characterization 

The parotid glands were exposed and removed 

from five rats at 6-8 weeks of age, they were 

sacrificed according to the guidelines of the 

ethical committee of Faculty of Medical 

Sciences at Tarbiat Modares University. A small 

piece from each parotid gland was sampled and 

confirmed by a histological technique (Fig. 1). 

The collected parotid glands were cut in small 

pieces and the cells were isolated by enzymatic 

digestion (collagenase type 1). Then, they were 

cultured in DMEM/F12 supplemented with 15% 

FBS. The primary culture showed many free-

floating cells (Fig. 1-B). Figure 1-C shows cells 

cultured for three days, adherent with 

heterogenous morphology. They were 

characterized by flow cytometry. CD44, CD90 

and CD29 markers were highly expressed, while 

the expression of CD45 and CD34 was negative. 

(Fig. 2 A-E). Figure 2-F shows the histogram of 

immunophenotyping, the mean and standard 

deviation of CD90, CD44 and CD29 The 

immunopositive cells were 99.10 ± 3.1%, 98.57 

± 3.9% and 98.57 ± 2.4%, respectively.  

 

 

Fig. 1. Morphology of the murine parotid gland and the cultured cells A: a parotid gland fixed in formalin, embedded in paraffin and stained 

with Hematoxylin and Eosin. B: The primary culture of the isolated parotid cells. They are round in shape. C: The morphology of parotid 

gland cells cultured for 3 days. They are heterogenous in shape, many are spindle and others are round or stout in shape. (Scale bar: A=90, 

B=1000 and C= 90 µm). 
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The cells in the 2D culture were stained for 

the epithelial cell markers, keratin-7 and E-

cadherin, which showed a high level of 

immunoreactivity, while keratin-14 showed a 

low level of immunostaining (Fig. 3).  

Characterization of alginate hydrogel 

The prepared alginate hydrogel was examined 

under scanning electron microscope (Fig. 4-A). 

The hydrogel was porous with a mean pore size 

of 220μm. Figure 5-A demonstrates the swelling 

rate of the hydrogel which shows a logarithmic 

trend of increase in the swelling ratio up to 40th 

minute then it changed to a very slow rate. The 

MTT assay shows that there were no statistical 

differences in the viability of the cells seeded at 

day(s) 1, 3 and 7 in the 2D culture, while in the 

3D culture, the cells showed the highest viability 

at day 1, then slightly declined at day 3, end 

afterwards slightly increased at day 7. Figure 5 

demonstrates the viability of the encapsulated 

cells, which were higher in the 2D culture than 

the 3D one. 

Encapsulation of the cells  

The encapsulated cells in alginate hydrogel are 

presented in Fig. 6 at both low magnification 

(Fig. 6-A) and higher magnification (Fig. 6-B). 

The encapsulated cells are located under the 

hydrogel surface, they are round in shape with 

sharp borders (arrows). The cells in the hydrogel 

were stained with vital stain (acridine orange), 

and most of the cells were stained with green 

fluorescent color, which indicates that most of 

the cells survived after culturing for 10 days 

(Fig. 7-A). They were also counterstained with 

propidium iodide (Fig. 7-B), and few cells were 

stained with red fluorescent color in the hydrogel 

cultured for 10 days, which indicates that they 

were dead cells. These two images were merged 

in order to show the amount of survived and 

dead cells, there were few dead cells with yellow 

fluorescent color.  

Organoid bodies formation 

Figure 8 shows the cells differentiated into 

organoid bodies of the salivary gland (Fig.8-o), 

where the round salivary acinus-like structure 

had a polar structure extended from the pole of 

these acini forming a duct like structure (Fig 8-

d). Some cells were aggregated in order to form 

an early stage of acinus formation (Fig. 8-e).  

Fig. 2. Characterization of the isolated cells by 

immunophenotyping using flow cytometry of mesenchymal 

stem cell-specific antibodies comprising CD44 (A) and 

CD90 (B), salivary gland specific antibody of CD29) (C) 

and hemopoietic cell specific markers, consisting of CD34 

(D) and CD45 (E). F: represents the histogram of the 

immunophenotype markers. are hemopoietic cell specific 

markers. F: represents the histogram of the 

immunophenotype markers. 

Fig. 3. Epithelial cell marker expression in the cells. A: 

Immunostaining with keratin-7. B: Immunostaining with 

E-cadherin. C: Immunostaining with keratin-14. Scale bar 

= 100 µm). 
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Gene Expression Profile 

The expression of the genes in the cells in the 2D 

and 3D cultures was done using qRT-PCR. 

Obtained results indicated that the gene 

expression in cell growth gene Ki67 and cell 

cycle regulation gene cyclin D1 was not similar. 

Cyclin D1 was highly expressed in the 2D 

culture, in contrast to Ki67 which was highly 

expressed in the 3D culture.  
 

Fig. 4. Scanning electron microscopy of the hydrogel. A: the image shows the porous scaffold. B: represents the encapsulated 

cells in alginate hydrogel (Scale bar = 500 µm). 

Fig. 5. The swelling ratio of the alginate hydrogel (A), while the cytotoxicity of the encapsulated cells in alginate hydrogel (B). 

Fig. 6. The encapsulated cells in alginate hydrogel, arrow 

indicates an encapsulated cell in the hydrogel. (Scale bar A= 

500, B= 250 µm).   
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On the other hand, Amy1 gene was highly 

expressed in the 3D culture (50 times higher in 

3D culture compared to the 2D one), similar 

pattern of expression was noticed in BPIFA2 

gene, which is also known as parotid secretory 

protein, Cldn3 and Cidn4 genes, tight junction 

proteins, dermatopontin (DPT) gene, is 

extracellular matrix protein, and. Meox2 protein, 

which is involved in fate determination of the 

salivary gland during embryogenesis. Other 

genes were evaluated in this study, Pparg gene, 

which is involved in regulating parotid acinar 

cell terminal differentiation; and Tp63 gene 

which maintains regulatory mechanisms in 

epithelial cells differentiation. Both genes were 

highly expressed in the 3D culture (see Fig. 9). 

 

 
 

DISCUSSION  

In this study, alginate hydrogel is used as 

scaffold in the 3D culture system. Parotid gland 

derived mesenchymal stem cells were 

encapsulated in alginate hydrogel. After 4 days, 

the cells integrated in the scaffold, and after 10 

days, acinus-like organoid bodies were noticed, 

while the gene profiling showed an  increase in 

the expression of growth and differentiation 

genes. Characterization of the alginate hydrogel 

is consistent with our previous results [28].  

 

 

Fig. 7. The encapsulated cells are stained with acridine orange (A), propidium iodide (B), then they merged to 

show the survival of the encapsulated cells in alginate hydrogel (C). (Scale bar = 125 µm).  

Fig. 8. The encapsulated cells formed organoid with an 

acinus-like structure (o) and duct (d), while e represents an 

early stage of the organoid structure. (Scale bar = 160 µm). 

Fig. 9. shows the expression of the genes in the controls (N), 

isolated parotid gland cells at day zero incubation time, the 

isolated parotid gland cells at the end of 10-day incubation time 

(two-dimensional culture group: 2D) and the encapsulated cells 

in alginate hydrogel (three-dimensional culture group: 3D). A, 

B, C, D, E, F, G, H, I, J and K represent Amyl, Cldn3, Cidn4, 

Ki67, Cyclin D1, Dpt, Meox2, Aquaporin 5, Pparg, Bpifa2e and 

Tp63, respectively. The expression of the genes in the 2D and 

3D cultured cells. The later shows an increase in the expression 

of Amy1, Ki67, aquaporin5, Pparg, Bpifa2e and Tp63; whereas 

Cldn3, Cldn4, cyclin D1, Dpt and Meox2 were expressed at a 

high level in the 2D culture group compared with 3D one. *: 

significance level is 0.001; **: significance is level 0.005; ***: 

significance level is 0.01 and ****: significance level is 0.05 

(All comparisons are statistically significant). 
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However, the viability of the encapsulated cells 

was lower than that of 2D culture at the first and 

third days. A similar finding was noticed by 

Siburian [34]. This may be due to the change in 

the metabolism resulted from treating the cells 

which was reported as the MTT method's 

limitation [35-38]. 

The advantage of using alginate hydrogel as a 

scaffold for the 3D culture of the salivary gland 

is that it provides stability for growth of the 

salivary gland epithelium [39]. Hajiabbas et al. 

concluded that arginine-glycine-aspartic acid-

modified alginate-based hydrogels, egg white-

alginate blend and chitin/chitosan-based 

scaffolds provided a suitable environment for 

enhancing submandibular salivary gland growth 

and differentiation [40]. 

The Parotid gland derived organoid bodies 

were reported by other investigators [41]. In this 

investigation, the culture medium was 

supplemented with 15% FBS. Most research 

supplemented the culture medium with growth 

factors and inducers. For example, FGF-2 

combined with laminin-enriched basement 

membrane extract or laminin-111 was used for 

culturing mouse submandibular gland organoids 

[42]. Other investigators used FGF combined 

with retinoic acid in order to generate 

submandibular gland organoids (Kim et al., 

2021), while Tanaka et al. utilized bone 

morphogenetic protein 4 (BMP4) and SB431542 

(an inhibitor of transforming growth factor-β) in 

order to induce human induced pluripotent stem 

cell into salivary gland organoids [3]. Parotid 

gland organoid was generated by epidermal 

growth factor, fibroblast growth factor-2, N2, 

insulin, and dexamethasone, and the cells seeded 

on polymerized Matrigel [41]. Zhao revealed 

that salivary gland organoids derived from 

embryonic stem cells were achieved by applying 

a two-step protocol [43]. An initial induction of 

embryonic stem cells into oral ectoderm by 

exposing the cell to BMP4, TGFβ-i, BMP1, and 

FGF2 followed by induction with FGF7 and 

FGF10; moreover, salivary gland organoids can 

also be generated from adult stem cells cultured 

on extracellular matrix combined with cytokines 

and FGF, Wnt3a, R-spondin 1, and TGFβ-i. 

(Zhao et al., 2021). 

 In this study, we intended to induce parotid 

gland organoid bodies by selecting a population 

of stem cells that can grow without growth 

factor(s) dependency. By avoiding growth factor 

exposure, we allowed the cells to grow and 

differentiate under a natural condition supported 

by alginate scaffold and supplemented with 15% 

FBS. Culturing cells in a medium supplemented 

with growth factor(s) resulted in growth factor(s) 

dependency [42, 44, 45]. Growth factor 

dependent cells may undergo apoptosis 

following growth factor withdrawal [46, 47].  

Cells derived from mouse parotid gland failed 

to survive, unlike those of rats, which may be 

due to the species difference (CHEN et al. 1983; 

Karn et al. 2013). We suggest that the cultured 

mouse salivary gland cells require growth 

factor(s) for their survival. 

In this study, immunophenotyping of the cells 

positively reacted to CD44 and CD90, which are 

mesenchymal stem cell markers, moreover, they 

were also immunopositive to CD29 (salivary 

gland specific antibody). Moreover, the cells 

were immunostained with K7, E-cadherin and 

K14. Figure 3 demonstrates the epithelial cell 

markers expression in the cells. The results show 

that immunostaining with keratin-7 and E-

cadherin was highly expressed which may 

indicate the epithelial property of the isolated 

cells. We conclude that we obtained parotid 

gland mesenchymal stem cells [48]. While 

Rotter et al. identified adult stem cells with 

mesenchymal characteristics in human parotid 

gland tissues [49], Yi et al. isolated and purified 

multipotent epitheliomesenchymal stem cells, 

immunoreactive mesenchymal and epithelial 

markers, from human parotid gland. The results 

of our investigation is consistent with their 

finding [50].     

Gene Expression  

Savatier and Malashicheva documented that 

cyclin D1 gene is a mitosis regulator, and that its 

expression was very low in 3D culture [51]. The 

results are consistent with those of Skrobanska et 

al., who reported strong suppression of cyclin D1 

expression in the 3D culture. On the other hand, 

Ki67 gene was highly expressed in the 3D 

culture [52], which indicates that many cells lost 
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their contact inhibition mechanism as a result of 

cell migration in the scaffold [53].  

Amy1 gene expression was very high in the 

3D culture, it is considered as a marker of 

functionality [54]. In addition to that, BPIFA2 

gene, a parotid secretory protein, was expressed 

in the parotid gland similar to Amy1 expression 

pattern. We noticed that it was expressed in the 

3D culture higher than the 2D one, this pattern of 

expression of both genes (Amy1 and BPIFA2) 

confirmed that the encapsulated cells 

differentiated in the organoid bodies. Metzler et 

al. reported that gaining dense granules resulted 

from the expression of salivary proteins such as 

amylase and parotid secretory protein (BPIFA2 

gene) associated with an increase in polarity of 

parotid epithelial cells resulting in acinar cell full 

maturity[2] . Also, after the differentiation of 

parotid gland with the establishment of the 

cellular polarity, AQP5 gene was expressed 

exclusively at the apical membrane of serous 

acini, which was detected during both pre- and 

post-natal development [55]. The Pparg gene 

was highly expressed in the 3D culture, which 

transiently increased during the mid postnatal 

differentiation [2]. TP63 gene is a transcription 

factor involved in development and homeostasis 

of epithelia, moreover, it was reported to 

maintain salivary gland stem/progenitor cell 

function [56], the level of Tp63 was significantly 

high in the 3D culture compared with the 2D 

one. Kouwenhoven et al. reported that regulatory 

mechanisms in epithelial cells were arranged and 

performed by Tp63 gene [57]. 

Meox2 gene, involved in fate determination 

of the salivary gland during embryogenesis, 

showed significantly higher level of expression 

in the 2D culture, expressed at early stages of 

parotid gland development, indicating that 

alginate hydrogel enhances the morphogenesis of 

the parotid gland [22]; moreover, DTP gene had 

similar pattern of expression, it was associated 

with fibronectin in inducing duct-like elongation 

during initial stages of salivary gland bud 

formation [58].  

Both Cldn3 and Cldn4 are tight junction 

proteins and they have a similar pattern of 

expression in the 2D culture. They were highly 

expressed in most of the normal epithelial cells, 

other organs such as the brain had distinctive 

Cldn expression profiles, where Cldn3 and 4 

were expressed at low levels but Cldn2 was 

highly expressed (Hewitt et al., 2006). We 

expected the expression of Cldn3 and 4 in the 3D 

culture to be high, however, their low level of 

expression could be caused by the absence of 

growth factor(s), and variation in culture 

conditioning.For example, in the primary culture 

of parotid, the expression pattern of these 

proteins remarkably changed, where a high level 

of cldn4 expression was noticed, while the level 

of Cldn3 was low. Moreover, in rodents, the 

acinar cells of salivary glands expressed cldn3 

but not Cldn4, whereas duct cells expressed 

both. The distinct Cldn expression patterns may 

reflect differences in the permeability of tight 

junctions. 

CONCLUSION 

We concluded that 3D culture of parotid gland-

derived stem cell using alginate as scaffold 

induces the expression of growth and 

differentiation genes with formation of organoid 

bodies. 
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