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to dUctal salivary gland cells

Maryam Koopaie         , Sara Biglar, Nafiseh Sheykhbahaei 

Oral and Maxillofacial Medicine, Tehran University of Medical Sciences, School of Dentistry, Iran 

A b s t r A c t

Introduction: Irreversible harm to salivary glands is a complication that is treated using symptomatic treat-
ment only. Stem cell therapy provides a new approach in treating irreversible harm to the salivary glands. Salivary 
gland’s ductal cells transport saliva and change its’ composition. Co-culture is a regulatory cell culture technique, 
in which two or more different cell populations grow with various degrees of interaction. 
Objectives: Given the role of salivary glands ductal cells in their final saliva production, this study aimed to 
examine the differentiation of periodontal ligament stem cells (PDL-SCs) in salivary glands ductal cells using 
the co-culture technique. 
Material and methods: PDL-SCs were isolated from adult human PDL tissue and co-cultured with rat parotid 
ductal cells using an indirect co-culture system. Trans-differentiation of PDL-SCs was evaluated by polymerase 
chain reaction (PCR) analysis of kallikrein 1 and keratin 19 genes, with unique functional expression in ductal 
cells. 
Results: Expression of CD90, CD73, CD44, and CD105 mesenchymal markers were proved that the obtained 
PDL-SCs were mesenchymal stromal cells (MSCs). Positive oil red and alizarin red staining showed differentia-
tion of stem cells into fat and bone cells. Expression of kallikrein 1 and keratin 19 demonstrated successful trans- 
differentiation of PDL-SCs into salivary ductal cells after co-culturing for three weeks.  
Conclusions: These findings highlight the potential usefulness of the co-culture system in the differentiation 
of PDL-SCs-derived mesenchymal stem cells into salivary gland ductal cells. The proximity of mesenchymal stem 
cells to salivary acinar cells and the expression of acinar cells’ specific markers lead to differentiation. 
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IntroductIon

Saliva has influential functions in the  oral cavity,  
including cleaning, regulating the oral microbiome, dis-
solving food, forming bolus, facilitating chewing and 
swallowing, and thinning the secretion and lubrication 
of mucus [1-3]. Furthermore, protecting teeth by neu-

tralizing acid through buffering, maintaining unsatu-
rated calcium phosphate (CaP) with hydroxyapatite, 
and participating in dental pellicle formation are among 
the functions related to special components of saliva [4-6].  
Oral health is disrupted by salivary gland functional 
disorders caused by genetic or acquired abnormalities, 
such as injuries from surgery or radiotherapy of  head 
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and neck cancer treatment [7, 8]. These lead to more 
symptoms, including chewing and swallowing prob-
lems, speech disorders, dysgeusia, oral fungal infection, 
and acceleration of  dental caries. Ultimately, these ab-
normalities severely decrease patients’ quality of life [9]. 

Current preventive and symptomatic treatments 
are not always effective in controlling irreversible harm 
caused by radiotherapy [10]. In recent years, damaged tis-
sue repair and new tissue growth approaches have gained 
much attention using cellular-molecular methods. Sali-
vary stimulants could be used in managing the decreased 
function of  salivary glands and xerostomia; however, 
the salivary gland needs to be functional [11]. Regarding 
radiation-induced xerostomia, current preventive treat-
ments, such as salivary glands transfer to outside radio-
therapy field, are possible if there is no neck lymph node 
involvement on the other side (N0), and cannot be carried 
out in case of any lymph node involvement on the trans-
fer site [12]. Moreover, there is a  risk of  relapse caused 
by salivary glands transfer with the presence of concealed 
cancer [13]. Today, different gene therapy approaches and 
the use of  stem cells in treating many incurable diseas-
es have gained much importance in the medical world, 
of which final objective is curative rather than palliative 
(symptomatic) care. Stem cell therapy has provided a new 
approach for treating irreversible harm to the  salivary 
glands [14]. 

The unique properties of  stem cells, such as self- 
renewal and the potency required to differentiate into 
specialized cell types, have made these cells a source for 
treatments in regenerative medicine [15]. Periodontal 
ligament (PDL) stem cells are renewable progenitor 
cells that produce cementoblasts, osteoblasts, and fibro-
blasts. These cells have shown the properties of mesen-
chymal stem cells (MSCs) and tissue regeneration ca-
pacity [16]. 

Several techniques, including co-culture, have been 
suggested to differentiate stem cells from target mature 
cells. Co-culture is a regulatory cell culture technique, in 
which two or more different cell populations grow with 
various degrees of  interaction [17]. Some cells cannot 
quickly become monocultures in-vitro, or may not show 
the intended physiological behavior. However, the pres-
ence of another cell population can improve the success 
of culture or cell behavior. Co-culture systems potentially 
present a wide range of desired properties compared with 
mono-culture systems, including modularity, potency, 
predictability, scalability, and stability [17]. In co-culture, 
using the paracrine effects of the growth factors secreted 
from mature cells of the salivary glands for stem cell dif-
ferentiation, could relieve us from the challenges of ac-
curately identifying extra-cellular factors. In addition, 
the differentiation of stem cells into target cells in non-
in-vivo conditions reduces the chance of  tumorigenesis 
and carcinogenesis [18]. 

objectIves

Given the  role of  salivary glands ductal cells in 
changing saliva composition and modifying primary 
saliva, this study aimed to examine the  differentiation 
of PDL-SCs into salivary glands’ ductal cells using the 
co-culture technique. 

MAterIAl And Methods 

Normal impacted third molar teeth used in this study 
were obtained from three patients through surgery at 
the School of Dentistry of Tehran University of Medical 
Sciences after the Ethics Committee of Tehran University 
of Medical Sciences approved the study. Patients varied in 
age between 15 and 30 years, had no infectious systemic 
diseases, nor used medications, or consumed tobacco or 
alcohol. PDL tissue on the surface of the root was isolated 
by a hoe scaler, and was transferred to the laboratory quick-
ly in a phosphate-buffered saline (PBS) container with 3% 
PenStrep placed near 4oC ice pack. The sample was washed 
several times with Hank’s buffer containing antibiotics, in 
the  lab in sterile conditions, and under the  fume hood. 
Hank’s buffer or salts are a group of salts rich in bicarbon-
ate ions used as a buffer in a cell culture environment to ob-
tain the optimum physiological pH (range, 7.0-7.4). Next, 
the tissue was placed in Dulbecco’s modified eagle medi-
um (DMEM) and type I collagenase enzyme (250 µ/ml) 
in a  shaking incubator at 37oC and 5% CO2 for 1 to  
2 hours. After the tissue digestion, 70 µm and 40 µm fil-
ters were used to filter undigested tissue pieces and im-
purities. Ficoll was used to eliminate mono-nuclear cells 
from the sample. Afterwards, the sample solution was cen-
trifuged in Eppendorf centrifuge 5810R at 1,500 rpm for 
5 minutes, until the cell plate was formed. Then, the cells 
were cultured in T75 flask in DMEM and 10% fetal calf 
serum (FCS). The culture environment was changed after  
48 hours and then every 72 hours. When 80% of the flask 
was covered by the cells, they were sub-cultured (passaged) 
by 1 : 3 ratio using 0.2% trypsin and EDTA. In order to prove 
they were stem cells, their differentiation into osteoblasts 
and adipocytes was used after third sub-culture. The en-
vironment of differentiation into fat included DMEM/F12 
containing 50 µg/ mL ascorbic acid 3-phosphate, 100 ng 
dexamethasone, and 50 µg/ml indomycin, and the envi-
ronment of  differentiation into bone included DMEM/
F12 containing 50 µg/ml ascorbic acid 3-phosphate, 10 ng 
dexamethasone, and 10 millimolar β-glycerol phosphate. 
The  cells were kept in these induced environments for  
14 days, and the environment was changed thrice weekly. 
To show induction of  adipogenesis, oil red staining was 
applied. Alizarin red staining was used to prove calcium 
accumulation. Moreover, to prove that the  accumulated 
cells were MSCs, CD90, CD44, CD73, and CD105 mesen-
chymal markers, CD34 and CD45 hematopoietic markers 
were used in flow cytometry. Furthermore, immuno-his-
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tochemical evaluations of CD44 marker were applied to 
confirm the presence of mesenchymal stem cells, and were 
examined by two blinded investigators. 

ISOlaTIOn Of raT SalIvary glanDS cellS 

Ductal cells of  salivary glands were obtained from 
submandibular salivary glands of 11 female Wistar rats 
killed under anesthetic. Next, the  submandibular sali-
vary gland tissue was isolated using a scalpel. The tissue 
was placed in 1% trypsin at 37oC for 2-3 hours for en-
zymatic isolation of the epithelial part from the mesen-
chymal. Then, the isolated tissue was washed with PBS 
and exposed to 1% collagenase at 37oC for 3 hours. As 
a result, the cells were isolated. 

In the next step, it was filtered by 70 mm nylon mesh. 
Afterwards, it was centrifuged at 2,000 rpm for 15 min-
utes, and re-washed using PBS. The obtained cells were 
transferred to a 24-well plate containing 0.5 mm DMEM 
with 1% antibacterial X100 (containing penicillin-strep-
tomycin), 10% FCS, and 1% glutamine. They were incu-
bated at 37oC, with 5% CO2 and 95% humidity. The cells 
were kept for a week to achieve the desired accumula-
tion, with culture medium replaced every 72 hours. 

PreParIng cO-cUlTUre envIrOnMenT 

After third sub-culture (passage), the stem cells were 
transferred to a 6-well insert culture plate at 1 × 106 cell/
ml density containing 2 ml of  DMEM with 10% FBS. 
Then, salivary gland tissue cells were placed in insert cul-
ture plates at 1 × 105 density, in the second sub-culture. 
After 24 hours of contiguity, keratinocyte growth factor 
(KGF) was added to the  salivary gland cells’ environ-
ment. The  environment was changed every 72 hours. 
The cells were counted using neobar lam (HBG, Germa-
ny), and the stem cells were treated with a differentiation 
environment for 21 days. The environment was changed 
every 72 hours. 

analySIS Of DIfferenTIaTeD STeM cellS 

ToTal RNa exTRacTioN 

RNeasy Plus mini kit by Kiagene Fanavar was applied 
based on the manufacturer’s instruction to extract RNA. 
PLUS-RNX contained tyrosol, phenol, and a strong de-

tergent to digest tissue and break cellular connections. 
It should be noted that as RNA is very sensitive to ac-
tivity of RNAs, the  following actions were observed in 
order to preserve RNA. The whole surface of the hood 
and surfaces involved in the  study, such as centrifuge 
and racks, were washed with RNaseZAP. RNase-free 
dishes, microtubes, tubes, and tips, prepared exclusively 
for working with RNA, were used. Disposable latex pow-
der-free gloves were utilized, and contact with the hand 
was avoided as the  hand skin has an  RNase enzyme. 
The following protocol was used to extract RNA: 

• 1 ml RNeasy Plus mini kits were added to the samples, 
and then they were pipetted by an insulin syringe to 
be homogenized. 

• 200 µl chloroform was added to all samples. Note: 
chloroform was used to make a phase. 

• Vials were incubated at 4oC (inside ice in the fridge). 
• Samples were centrifuged at 12,000 rpm at 4oC for  

15 minutes. 
• Supernatant was removed carefully with a  sampler 

and transferred to a 1.5 ml tube. 
• Cold isopropanol was taken at the same volume as 

supernatant, and then it was added. 
• It was mixed and refrigerated for 15 minutes. 
• It was centrifuged again at 12,000 rpm at 4oC for 15 

minutes. 
• Supernatant was discharged, and 1 ml ethanol was 

added to the  resulting sediment. It was mixed and 
centrifuged at 7,500 rpm at 4oC for 8 minutes. 

• Supernatant was discharged and kept under the hood 
for 10 minutes to dry. The resulting sediment was to-
tal RNA, and 35 µl DEPC water was added and trans-
ferred to –70oC. 

DesigNiNg pRimeR

Kallikrein 1 (KLK1), keratin 19 (KRT19), and gly-
ceraldehyde 3-phosphate dehydrogenase (GAPDH) 
gene sequence was obtained from https://www.ncbi.nlm. 
nih.gov. Forward primers and reverse primers were de-
signed using Gen Runner (version 3) and Primer Ex-
press (version 3.05). Primer sequences of KLK1, KRT19, 
and GAPDH genes are shown in Table 1. 

results 

This experimental study aimed to turn stem cells 
into salivary glands’ ductal cells. The expression results 

table 1. Primer sequences (forward and backward) of KLK1, KRT19, and GAPDH 

Primer sequence (backward) Primer sequence (forward) Gene 

caTaagacagcacTcTgacggc gacaccTggaaggTggcaaaga KlK1 

gcaggacaaTccTggagTTcTc agcTagaggTgaagaTccgcga KRT19 

TggTggTgaagacgccagTggacTcc ggcaaaTTccaTggcaccgTcaaggc gapDH 
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of CD44 marker were examined by immuno-histoche-
mical staining to confirm the presence of mesenchymal 
stem cells, and are shown in Figure 1. CD90, CD73, 
CD44, and CD105 mesenchymal markers were exam-
ined through flow cytometry to prove that the obtained 
cells were MSCs (Figure 2). 

The SUrvIval raTe Of cellS On ISOlaTIOn Day 

The assessment was based on cell analysis using stain-
ing with propidium iodide (PI). At this stage, the obtained 

cell plate went under PI staining. Next, the cells went un-
der flow cytometry (Figure 3). 

The cells were differentiated into fat and bone us-
ing differentiation culture environments in order to 
prove they were stem cells. Oil red staining was applied 
to show areas differentiated into fat cells, which were 
stained red (Figure 4). Alizarin red staining was used to 
differentiate stem cells into bone cells. The cells differ-
entiated into bone were stained red (Figure 5). 

The obtained stem cells were placed in co-culture. 
The stem cells were transferred to 6-well insert culture 

figUre 1. Expression of CD44 marker by immuno-histochemical staining. (a) ICC, (b) DAPI (4′,6-diamidino-2-phenylin- 
dole), and (c) merge of (a) and (b)

A B

C
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into salivary glands’ ductal cells, KLK1 (kallikrein 1) 
gene expression was examined using PCR. Moreover, 
immuno-histochemistry analysis was carried out to an-
alyze KRT19 (keratin19) marker, which is exclusive for 
salivary glands’ ductal cells [19]. 

Salivary glands’ cells were isolated through cell sort-
ing, total RNA was extracted by TRZol reagent based 
on the  manufacturer’s instructions, and was treated 
with DNase I to prevent genomic DNA contamination.  
SMObio cDNA synthesis kit was used for cDNA synthe-
sis, and ICycler iQ real-time PCR detection system was 
utilized for real-time PCR. GAPDH was used as an inter-
nal control gene. Melting curve for the exclusive surface 
marker in differentiated cells is presented in Figure 6. 

dIscussIon 

Until now, no effective treatment has been suggest-
ed for irreversible harm to salivary glands. Xerostomia 
management commonly includes symptomatic treat-
ments to relieve xerostomia symptoms [20]. In recent 
decades, many studies have pointed out the advantages 
of using stem cells for the regeneration of different tis-
sues and organs [21]. The present study showed the po-
tential of PDL-SCs in differentiation into salivary glands’ 
ductal cells. The advantages of using PDL-SCs include 
easy culture and the  possibility of  cell-replication for 
a  long time, without the risk of malignant transforma-
tion. PDL-SCs have higher cell reproduction and clo-
nogenic ability than bone-derived stem cells [22]. In 
addition, obtaining stem cells from bone marrow is as-
sociated with pain and discomfort, and fat-derived stem 
cells are usually limited in number, and in some cases, 
differentiation into salivary gland cells has not been 
reported [23]. This points to obtaining stem cells from 
accessible cells, such as PDL cells. Several studies have 
shown the differentiation of PDL-derived stem cells into 
cementoblasts, adipocytes, fibroblasts, osteoblasts, and 
chondrocytes [24]. Given the potential of PDL-derived 
stem cells, this study was designed as the first study to 
differentiate PDL-SCs into salivary glands’ ductal cells. 

In this study, indirect co-culture was used to differ-
entiate stem cells into ductal cells. The advantage of dif-
ferentiating stem cells in-vitro is the reduced risk of ma-
lignant transformation, as there is evidence of a probable 
relation between malignant transformation MSCs and 
undifferentiated sarcoma [25]. Co-culture systems have 
the advantage of stem cell proliferation in-vitro and re-
duce the risk of malignant transformation, as stem cells 
are placed in contiguity with mature cells and the signals 
from mature cells direct stem cells to differentiate into 
them in these systems [26]. In this study, the only add-
ed factor to the  culture environment was KGF. There-
fore, reasons that caused the  successful differentiation 
of stem cells were the signals from mature cells present 
in the  co-culture environment. Previous studies have  

figUre 3. Cell viability on isolation day

figUre 4. Oil red staining (differentiated into fat cells)
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figUre 5. Alizarin red staining (differentiation of stem 
cells into bone cells)

plate after the third sub-culture at 1 × 106 cell/ml density. 
Salivary glands’ tissue cells were placed in insert culture 
plates. In order to analyze the differentiation of stem cells 
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examined the  differentiation of  MSCs into salivary 
glands’ cells. Maria et al. [27] analyzed the differentia-
tion of MSCs into acinar cells of salivary glands in a co- 
culture system. In a co-culture system, the assumption is 
that the  factors released from salivary glands’ epithelial 
cells pass through the membrane of PDL-SCs, and signal 
the differentiation into salivary glands’ cells [28]. 

An important factor in a  co-culture system is the 
amount of released factors in the environment for stem 
cell differentiation [29]. Several studies have reported dif-
ferent ratios of the release of soluble factors in co-culture 
environment. The ratio was between 13% to 40% in pre-
vious studies, and it has to be sufficient to lead to the dif-
ferentiation of stem cells [30]. In co-culture systems, stem 
cells cannot only produce a  source of high differentia-
tion potency cells. Also, act as cells that help hemostasis, 
grow metabolism, and repair. Co-culture systems control 
the behavior and function of cells through the interaction 
of several types of cells. These systems can control target 
cells through feedback from assisting cells [18]. The pur-
pose of tissue engineering is the generation of functional 
tissues. Cells in a co-culture system can connect, develop, 
and produce normal phy siological structures [31]. 

The crucial advantage of co-culture systems is feedback. 
Furthermore, they reduce the limitation of other stem cells 
with the chance of malignant transformation [18]. Consid-
ering the advantages of co-culture systems, this study used 
a co-culture system for the differentiation of stem cells into 
salivary glands’ ductal cells. In order to prove the stemness 
of  PDL-derived cells, their differentiation to adipocytes 
and bone was examined. Oil red and aliasing red staining 
indicated that stem cells were differentiated into adipo - 
cytes and bone cells, respectively. In addition, the  cells  
were examined with CD45, CD31, and CD90 markers. 

Surface markers of mesenchymal cells include CD90, 
CD44, CD166, CD106, and CD105. Expression of CD90 
in MSCs surface is associated with growth potential and 
high differentiation of these cells. The cells derived from 
rat salivary glands tissue were placed in contiguity with 
PDL-derived stem cells as assisting cells. In this study, in-
direct technique was used for culture. Soluble factors were 
transferred from rat salivary glands cells to stem cells and 
led to the differentiation of these cells into salivary glands’ 
ductal cells. 

KLK1 protein is produced in salivary glands ductal 
cells and is a sub-category of serine proteases [32]. The re - 

figUre 6. Melting curve of exclusive surface marker in differentiated cells. 
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sults of this study showed that KLK1 expression increased 
in co-culture environment. The PCR analysis also showed 
KLK1 expression in differentiated cells. KRT19 gene is 
expressed in salivary glands’ ductal cells and liver cells. 
The  protein encoded by gene KRT19 is a  member of 
the keratin family, and is involved in the organization of 
myofibers [33]. This study showed that KRT19 gene ex-
pression increased in co-culture environments. The find-
ings indicate that PDL-SCs have the potential to turn and 
differentiate into salivary glands’ ductal cells. 

An important point is that different approaches have 
been applied to make complex organs, such as salivary 
glands, kidneys, and lungs. Thus far, there has not been 
an  approach that covers the  complete regeneration 
of these organs. Future studies on the mechanisms that 
lead to the regeneration of salivary glands by co-culture 
systems could hold a bright future for researchers in this 
field. This study introduced a new view for future studies 
on salivary glands’ regeneration. 

conclusIons 

PDL-SCs have the  potential for differentiation into 
sali vary gland cells. This study showed the  potential 
of  these cells and co-culture environment for differenti-
ation into salivary glands’ ductal cells, promising a new 
treatment approach in patients with irreversible salivary 
glands’ harm. Nonetheless, future animal and laboratory 
studies are needed to investigate the efficacy of ductal cells 
obtained from this study for the regeneration of salivary 
glands. 
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