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Single clonal glandular stem cells derived from human parotid glands do not
attain malignant phenotype during long-term in vitro culture
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Mesenchymal stem cells (MSCs) are being intensively investigated as future therapeutics for various human diseases.
One of the most important challenges to the clinical application of MSCs is the possibility of malignant transformation
during long-term in vitro culturing. However, there have been no reports on the tumorigenicity of salivary gland-derived
MSC:s following long-term in vitro culturing. Here, we isolated a single clonal glandular stem cells from human parotid
gland stem cells (hpGSCs) using a modified sub-fractionation culturing method. The possibility of malignant transforma-
tion of these cells following long-term culturing was evaluated under in vitro and in vivo culture conditions. Single clonal
glandular stem cells from the human parotid gland have unique multipotent MSCs traits. hpGSCs at passage 18 stained
strongly for B-galactosidase expression and the long-term culture of hpGSCs led to a reduction in telomerase activity.
hpGSCs could not survive in a soft agar environment and did not cause tumor formation in a xenograft mouse model. In
addition, the expression of salivary cancer-related oncogenes was not elevated in hpGSCs following the long-term culture.
In conclusion, we demonstrated that there is no possibility of acquiring a malignant transformation during long-term in

vitro cell expansion of hpGSCs.
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Dysfunction of the salivary glands mainly resulting from
radiotherapy for the treatment of head and neck cancer is a
major and highly prevalent complication that significantly
reduces the quality of life, causing dry mouth, swallowing
disorders, loss of taste, and dental caries [1]. However, there
are currently no satisfactory treatment options available,
and thus there is an urgent need to develop novel treatment
modalities. Recently, cell therapy using mesenchymal stem
cells (MSCs) has been suggested for salivary hypofunction
and is being investigated extensively [2].

MSCs are somatic stem cells derived from the mesoderm
and were first identified several decades ago [3]. At that time,
they appeared to be non-hematopoietic cells with a unique
fibroblast-like phenotype, and later they were identified in
several other connective tissues, including bone marrow,
liver, lung, placenta, peripheral blood, adipose tissue, as well
as the umbilical cord [4].

Functionally, MSCs are capable of self-renewal, prolifera-
tion, and in particular, have anti-inflammatory and immuno-
suppressive functions [5]. Also, they can differentiate into

multifunctional organs, and regenerate damaged tissue. This
has resulted in extensive research being conducted world-
wide to apply them to various diseases, such as graft versus
host-, blood-, cardiovascular-, neurological- and congenital
diseases, as future therapeutic modalities [6]. In fact, alloge-
neic and autologous MSCs therapies have been attempted in
some patients as a clinical application [7].

So far, several researchers have isolated MSCs from
human salivary gland tissues and reported their characteris-
tics [8, 9]. Several distinct markers including CD29, CD49f,
CD90, CD105, CD166, and CD117 have been reported in
human salivary MSCs [10]. However, the unique and specific
markers of human salivary glands derived-MSCs have not
yet been identified. These salivary MSCs have been proven
to be effective in increasing saliva production in several
preclinical animal models. In fact, a recent study reported the
clinical application of adipose tissue-derived MSC therapy in
radiation-induced xerostomia with promising results [11].

However, there are still several limitations to the clinical
application of MSCs, especially because studies on the side
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effects and biosafety of MSCs are limited. One of the most
important safety concerns related to the use of MSCs in
clinical application is the possibility of tumorigenesis of these
cells following patient administration because MSCs can
differentiate into a complex bio-tissue, similar to tumor tissue
which is also derived by proliferation from a single cell [12].
Also, mouse MSCs derived from bone marrow have been
reported to undergo malignant transformation after long-
term culture in vitro [13]. Moreover, to increase the clinical
efficacy of MSCs, a very large number of cells are required
as less than 1% of blood vessel-injected MSCs localize to the
target tissue [14]. Unfortunately, the number of viable MSCs
obtained from patients is very small, and increasing the cell
number artificially through in vitro methods to obtain a suffi-
cient number of stem cells is crucial. Such in vitro cell culture
processes may however induce changes in the molecular
biological and physiological functions of the cells, which
could result in tumorigenesis. Thus, preclinical validation
of the possibility of tumorigenicity and biosafety following
long-term laboratory culture of MSCs is essential.

We previously developed and characterized single clonal
glandular stem cells from the human parotid gland (hpGSCs)
using a modified sub-fractionation culture method and
revealed that these cells possessed both epithelial and mesen-
chymal characteristics, as well as multi-faceted differentiation
ability unlike the salivary stem cells established previously by
other researchers that contained a mixed and heterogeneous
cell population [10]. Furthermore, we identified that these
hpGSCs enhanced the function of the salivary gland in vivo,
suggesting the possibility of potential clinical application in
the near future.

Thus in the present study, we investigated the possibility
of malignant transformation of single clonal hpGSCs during
in vitro expansion culture prior to their clinical application.

Patients and methods

Ethical statement. Written informed consent was
obtained from all participants prior to experiments, and
approval for this study was obtained from the Institutional
Review Board (2015-10-011-002).

Cell culture. MC3 (human salivary mucoepidermoid
carcinoma) cells and adipose mesenchymal stem cells
(MSCs) were generously gifted by Prof. SD Cho (Chonbuk
National University, Jeonju, Korea) and JM Yoo (Cha Univer-
sity, Pocheon, Korea), respectively and cultured in Dulbecco’s
modified Eagle’s medium/nutrient mixture F-12 (DMEM/
F12) supplemented with 10% fetal bovine serum and 1%
antibiotics. Single clonal glandular stem cells from the
human parotid glands (hpGSCs) were isolated from normal
tissue samples collected from parotidectomized patients
diagnosed with benign parotid tumors. A subfractionation
culturing method for generating clonal stem cells was used
for this purpose, as previously described [10]. hpGSCs were
also maintained in low-glucose Dulbecco’s modified Eagle’s

medium (low-DMEM) supplemented with 10% FBS and 1%
antibiotics at 37 °C in an incubator with 5% CO,.

Cell morphology. To observe the cell morphology during
continuous subculturing, hpGSCs were plated in a 6-well plate
and examined under an optical microscope (Axiovert200;
Carl Zeiss). Images were captured using a digital camera.

Cell proliferation assay. The proliferation capacity of
MC3 cells and hpGSCs was evaluated using a Cell Prolifera-
tion Assay kit (G5421; Promega). Briefly, cells were plated
in a 96-well culture plate at 5 x 10° cells/well and prolifera-
tion was analyzed on days 1 through 4 following cell plating
following the addition of 20 pl of cell proliferation reagent and
incubation at 37 °C for 30 min. The proliferation of the cells
was measured at 490 nm using a plate reader (SpectraMax”
190; Molecular Devices).

B-galactosidase staining. To assess cell senescence, a
B-Galactosidase Staining Kit (9860S; Cell Signaling) was used
according to the manufacturer’s manuals, followed by the
observation under an optical microscope (Axiovert200; Carl
Zeiss) and the images were obtained with a digital camera.

Telomerase activity. Cell pellets were resuspended in
lysis buffer (10 mM Tris-HCI, pH 7.5; 1 mM MgCl,, 1 mM
EGTA, 0.1 mM PMSE 0.5% CHAPS, and 10% Glycerol) and
incubated on ice for 30 min. A total of 4 pg of the quanti-
fied protein for each cell lysate was treated with TRAP
solution (20 mM Tris-HCI, pH 8.3; 1.5 mM MgCl,, 63 mM
KCl, 0.005% Tween 20, and 1 mM EGTA), 0.2 ug of telom-
erase primer TS (5-AATCCGTCGAGCAGAGTT-3),
2.5ug of BSA, and 1.25 mM dNTP to a final volume of
20 yl, followed by incubation at 30°C for 30 min. Anchored
return primer ACX (5-GCGCGGCTTACCCTTACCCT-
TACCCTAACC-3’ 0.1pg) and 25 pl of SYBR Green I PCR
Master Mix (23724620, Roche) were added to 10 ul of the
previous reaction mix. The samples were pre-incubated for
10 min at 95°C, and amplified for 40 cycles of 20 s at 95°C,
30s at 60°C, and 90 s at 72°C, followed by a melting curve
of 5 s at 95°C and 60 s at 65°C using the LightCycler 480
Real-Time PCR cycler (Roche). Each sample was analyzed
in triplicate.

Quantitative reverse transcription-polymerase chain
reaction (QRT-PCR). Total RNA was isolated from the cells
using TRI REAGENT (TR 118; Molecular Research Centre)
and cDNA was synthesized using a ReverTra Ace” qPCR RT
Master Mix with gDNA Remover kit (FSQ-301; TOYOBO),
according to the manufacturer’s instructions. Real-time
RT-PCR analysis was performed on a LightCycler 480 II real-
time PCR cycler (Roche), using 2x LightCycler 480 SYBR
Green I Master Mix (23724620; Roche). Quantification of
GAPDH, the housekeeping gene, expression was performed
as a control. Each experiment was conducted in triplicate.
The sequences of all the primers used for qPCR are listed in
Supplementary Table S1.

Cell apoptosis assay. Cell apoptosis was determined
using the Annexin V-fluorescein isothiocyanate (FITC)/
propidium iodide (PI) Apoptosis Detection kit (BD Biosci-
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ences, Franklin Lakes, NJ, USA). Briefly, the cell suspen-
sion was then incubated with 5 pl Annexin V-FITC solution
in the dark at room temperature for 15 min, followed by
incubation with 5 pl PI, according to the manufacturer’s
protocol. Stained cells were distinguished as viable (Annexin
V-/PI-), early apoptotic (Annexin V+/PI-), or late apoptotic
(Annexin V+/PI+) using a FACSCalibur flow cytometer.

Soft agar colony formation assay. Briefly, 1.2% bottom
layer agar was prepared and mixed with 2x medium
(containing 20% FBS and 2% antibiotics) in the ratio of 1:1.
A total of 1.5 ml of the mix was added to a 6-well plate and
allowed to solidify at room temperature for 20 min. A total of
1x10° cells/well were mixed with 0.4% upper layer agar and
layered on the solidified bottom layer of agar and allowed to
solidify at room temperature for 20 min. To prevent drying
of the agar, 800 ul of complete medium was added and the
plates were incubated at 37 °C in an incubator with or without
5% CO,. After 2 weeks, images of the colonies formed were
photographed in dark-field using an optical microscope
(Axiovert200; Carl Zeiss).

In vivo tumorigenicity. Animal experiments were
approved by the Institutional Animal Care and Use
Committee of the Konkuk University. To assess the tumori-
genicity of the hpGSCs, 4x10* cells were mixed in 100 pl
Matrigel (354248; BD Biosciences) and injected subcutane-
ously in the flank of 8-week-old female BALB/c nude mice
(n=6) using a 22-gauge needle. Mice were raised in a specific
pathogen-free facility. Visual observation and palpation were
performed until tumors appeared in the engrafted mice per 3
days. Forty days following the injections, the mice were sacri-
ficed with CO, gas (5 seconds with 10 PSI pressure).

RNA-sequence analysis. For RNA isolation, total RNA
was isolated using TRIzol reagent (Invitrogen). RNA quality
was assessed by Agilent 2100 bioanalyzer using the RNA 6000
Nano Chip (Agilent Technologies, Amstelveen, Netherlands),
and RNA quantification was performed using ND-2000
Spectrophotometer (Thermo Inc., DE, USA). For library
preparation and sequencing, the construction of the library
was performed using QuantSeq 3> mRNA-Seq Library Prep
Kit (Lexogen, Inc., Austria) according to the manufacturer’s
instructions. In brief, each 500 ng total RNA were prepared
and an oligo-dT primer containing an Illumina-compatible
sequence at its 5" end was hybridized to the RNA and reverse
transcription was performed. After degradation of the RNA
template, second-strand synthesis was initiated by a random
primer containing an Illumina-compatible linker sequence at
its 5> end. The double-stranded library was purified by using
magnetic beads to remove all reaction components. The
library was amplified to add the complete adapter sequences
required for cluster generation. The finished library
was purified from PCR components. High-throughput
sequencing was performed as single-end 75 sequencing
using NextSeq 500 (Illumina, Inc., USA). For data analysis,
QuantSeq 3" mRNA-Seq reads were aligned using Bowtie2
(Langmead and Salzberg, 2012). Bowtie2 indices were either

generated from the genome assembly sequence or the repre-
sentative transcript sequences for aligning to the genome
and transcriptome. The alignment file was used for assem-
bling transcripts, estimating their abundances, and detecting
differential expression of genes. Differentially expressed
genes were determined based on counts from unique and
multiple alignments using coverage in Bedtools (Quinlan
AR, 2010). The RC (Read Count) data were processed based
on the quantile normalization method using EdgeR within
R (R development Core Team, 2016) using Bioconductor
(Gentleman et al., 2004). Gene classification was based on
searches done by DAVID (http://david.abcc.ncifcrf.gov/) and
Medline databases (http://www.ncbi.nlm.nih.gov/). These
RNA-seq data are available in a public database (geo@ncbi.
nlm.nih.gov, accession number:GSE160439)

Statistical analysis. All data are presented as the mean +
standard deviation. The statistical significance of the experi-
mental results was calculated using paired or unpaired
Student’s t-test. Statistical significances were considered at
*p<0.05; **p<0.001; ***p<0.0005.

Results

hpGSCs have unique multipotent MSC characteristics.
We previously developed single colony-forming unit-derived
clonal cells from the human parotid gland using a modified
sub-fractionation culturing method [10] and showed that the
cells possessed concurrent epithelial and mesenchymal stem
cell phenotype characterized by the following: 1/ a fibro-
blast-like cell morphology (Figure 1A); 2/ the multi-faceted
potential to differentiate into various cell types. As shown
in Figure 1B, the cells could be induced to undergo multi-
functional differentiation, including adipogenic, osteogenic,
and chondrogenic differentiation, as judged by staining with
oil red O, alizarin red S, and safranin O, which are putative
stains for adipogenic, osteogenic, and chondrogenic differ-
entiation, respectively. In addition, expression of lineage-
specific markers, including adipogenic markers, PPARY2,
FABP4, and LPL; osteogenic markers, RUNX2 and BGLAP;
and chondrogenic markers, COL2, COL10, and ACAN was
also induced (Figure 1C). When these cells were plated
into the Matrigel-containing culture plates and cultured in
serum-free Hepato-STIM medium, they formed spheroid
cell aggregates with markedly increased expression of the
salivary acinar markers, AQP5 and a-amylase, suggesting
that these cells had the capacity to differentiate into salivary
epithelial cells (Figure 1D). Finally, the clones also expressed
positive mesenchymal markers (CD90, CD29, CD73, and
CD105), as well as the pluripotent marker, OCT4. However,
it was negative for endothelial markers of hematopoietic
cells (CD45 or HLA-DR) (Figure 1E). Finally, we compared
transcriptome expression levels between adipose MSCs
and hpGSCs using RNA-sequence analysis, showing 17,703
similarly expressed genes (68.8%), but 3,635 genes (14.1%)
and 4,399 genes (17.1%) elevated in MSCs and hpGSCs,
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Figure 1. Single clonal glandular stem cells from the human parotid gland (hpGSCs) have unique mesenchymal differentiation capacity. A) Micro-
scopic characterization of the morphology of hpGSCs. B) hpGSCs can be appropriately differentiated into the three mesenchymal cell types, including
adipogenic, osteogenic, and chondrogenic cells. C) Expression level of various differentiation markers analyzed by RT-PCR. D) Immunofluorescent
staining for AQP5 and a-amylase for salivary epithelial differentiation. Scale bars: 20 um. E) Flow cytometric analysis of hpGSCs. F) RNA-sequence
analysis of MSCs and hpGSCs (left) and representative of a heatmap (right).

respectively (Figure 1F). All these results indicated that the
hpGSCs have unique multipotent MSC characteristics.
hpGSCs undergo cell senescence in in vitro long-term
culture. While normal cells are programmed to undergo
senescence, cancer cells have the capacity to proliferate
continuously [15]. The characteristics of the senescent
cell include loss of original cell architecture, such as larger
flattened cytoplasm, increased vacuoles and cytoplasmic
filaments, bigger nucleus and nucleoli, and multinucleated
lysosomes and increased number of Golgi. The hpGSCs
showed a spindle-shaped morphology in the early passages
(<P7; Figure 2A, left). However, in higher passages (>P20),
they showed an irregular morphology as the cytoplasm
became more granular with debris formation, as well as the
exfoliation of some cells (Figure 2A, right), indicative of
cellular senescence of the hpGSCs during long-term expan-
sion culture. One of the features of senescence is the increased
expression of various lysosomal proteins and contents [16].
The activity of p-galactosidase (B-gal), a lysosomal enzyme,
is often used as an indicative marker of enhanced lysosomal
content of aging cells with senescence [17]. Senescent cells
are characterized by the activity of lysosomal B-gal detectable
at pH 6, which is not found in non-senescent, or immortal
cells. Thus, we evaluated PB-gal activity in the MC3s and
hpGSCs. We found that hpGSCs at P18 displayed strong -gal
expression, but not MC3s or hpGSCs at P12 (Figure 2B). In
addition, we found that the long-term culture of hpGSCs led

to a reduction in telomerase activity (Figure 2C). In addition,
we evaluated apoptosis rates of hpGSCs at passages12 and 14.
As aresult, the apoptotic rate of hpGSCs at passage 14 (21.4%)
was significantly increased compared to hpGSCs at passage
12 (11.8%) (Figure 2D). All these results suggest that hpGSCs
undergo cell senescence in long-term in vitro culture.

hpGSCs lack tumorigenicity during the long-term
culture. One of the key features of malignant transforma-
tion is the ability of continuous proliferation, resulting in
the establishment of bulk mass in both in vitro and in vivo
environments. Thus, we explored whether hpGSCs have
tumorigenic capacity following the long-term culture. MC3
cells maintained a high growth rate with increasing cell
number, whereas the hpGSCs showed a very low growth
rate (Figure 3A). Anchorage-independent growth is another
feature of a cancer cells. MC3 cells formed growing cell
clusters with the spheroid formation in a soft agar environ-
ment, however the hpGSCs could not survive in this environ-
ment (Figure 3B). Furthermore, MC3 cells formed tumors
when they were inoculated into the flank of the immunode-
ficient mouse, but hpGSCs could not (Figure 3C). All these
results indicated that hpGSCs do not possess tumorigenicity
during the long-term culture.

Expression of oncogenic genes is not elevated in the
long-term cultured hpGSCs. Finally, we analyzed the
differences in gene expressions between MSCs and hpGSCs
focusing on oncogenic pathway. As a result, analysis of
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Figure 2. Senescence-associated changes in the hpGSCs in late passages. A) Morphological changes in hpGSCs in late passages, showing representative
senescent cells. 10x magnification, scale bar: 100 pum. B) $-galactosidase staining of MC3 cells or 12th and 18th passage hpGSCs. 10x magnification,
and scale bar: 100 um. C) Specific activity of telomerase was determined at the indicated passages. Data represent the mean + standard deviation (SD;

n=3). **p<0.01; D) Apoptosis assay of hpGSCs at passage 12 or 14 using the Annexin V method.
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cated time points. Data represent the mean + SD (n=3). **p<0.001. B) Representative images of the colonies in soft agar on day 14. 4x magnification,
scale bar: 100 um. C) Tumor growth 40 days after the subcutaneous injection of nude mice with MC3 or late passage hpGSCs.
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transcriptome profiles of hpGSCs compared to MSCs
showed that 851 genes (86.8%) were similarly expressed, but
60 genes (6.1%) and 70 genes (7.1%) were elevated in MSCs
and hpGSCs, respectively (Figure 4A). Especially, expression
levels of BRAE, c-Myc, HRAS, KRAS, and MYB in hpGSCs,
known as oncogenic drivers of salivary cancers [18], did not
increase compared to those in MSCs (Figure 4B). In addition,
we compared the transcriptional level of these oncogenes in
MC3 cells and hpGSCs and found that the transcriptional
level of the oncogenes analyzed was significantly lower in
hpGSCs compared to the MC3 cells (Figure 4C).

Discussion

One of the characteristics of MSCs is that they secrete
proangiogenic and anti-apoptotic factors to promote the
regeneration of viable tissue [19]. These characteristics are
consistent with the characteristics of tumor cells. Embryonic
stem cells and induced stem cells, that are similar to MSCs,
are known to form tumors in vivo [20]. Therefore, MSCs are
also likely to have this potential in the context of the chromo-
somal aneuploidy that was observed in mouse bone marrow-
derived MSCs in the third generation of the culture, which led
to the proliferation and contact inhibition of the cells [21].In
addition, in an in vivo mouse model, injection of mouse bone
marrow-derived MSCs into the leg muscles of immunosup-
pressed mice led to the formation of locally invasive sarcoma
capable of distant metastasis to the lungs [22]. The ex vivo

expansion of cells has been reported to cause the conversion
of these cells to spontaneous tumor cells.

In general, unlike mouse MSCs, human MSCs are known
to exhibit no chromosomal abnormality or tendency of cell
immortalization even when continuously passaged in culture
ex vivo. In addition, in the recent studies that reported the
possibility of tumorigenesis of human MSCs, it was found
to be due to the cross-contamination between human MSCs
and other existing cancer cells [23]. Nevertheless, it has been
reported that normal human MSCs from myelodysplastic
syndrome (MDS) patients when cultured with myelodys-
plastic cells and then injected into mice, led to the formation
of tumors [24]. Therefore, studies on the possibility of the
tumorigenicity of each organ-derived MSCs are indispens-
able prior to their clinical application.

Cell culturing in vitro is a complex process that involves
the culture of cells in an artificial environment, and unlike
in the body, inappropriate processing may result in changes
in the inherent properties of the cells. In vitro culture of
mouse MSCs has been reported to cause genomic insta-
bility following malignant transformation of MSCs [25].
Nevertheless, prior studies on whether in vitro expansion
of human salivary gland-derived MSCs results in malignant
transformation are limited. To our knowledge, no study has
reported the probability of tumor development of salivary
gland-derived MSCs. Ma et al. reported that MSCs possessed
the capacity to stimulate the invasion of salivary cancer cells
under a chemokine CXCL12 gradient [26].
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Figure 4. Comparison of salivary oncogene expression in hpGSCs and MSCs. A) Bendiagram of gene expression changes in hpGSCs and MSCs using
RNA-sequence analysis. B) Comparison of expression of putative salivary cancer oncogenes (BRAF, c-Myc, HRAS, KRAS, and MYB) in hpGSCs and
MSCs using RNA-sequence analysis. C) RT-PCR analysis of putative salivary cancer oncogenes (BRAF, c-Myc, HRAS, KRAS, and MYB) in the MC3 or
hpGSCs (passage 13). Data represent the mean + SD (n=3). *p<0.05, **p<0.01.
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In our study, hpGSCs were found to undergo senescence,
and lack proliferation, anchorage-independent growth, and
in vivo tumorigenicity during the long-term culture. These
observations collectively suggest that hpGSCs do not undergo
a malignant transformation during in vitro culture for cell
expansion. This enabled us to establish the non-tumorigenic
nature of single clonal parotid stem cells, which is particu-
larly relevant in the context of their clinical applications. This
is the first report examining the potential for tumorigenicity
in single clonal salivary stem cells derived from the human
parotid gland. However, although these cells are likely to be
oncologically safe, further research is needed in the future to
study the possibility of malignant transformation of MSCs in
various environments in vivo or enhancement of the tumori-
genicity of other resident tumor cells prior to their ultimate
clinical application.

Acknowledgments: This study was supported by the Korea
Health Industry Development Institute (KHIDI), funded by the
Ministry of Health & Welfare, Republic of Korea (HI15C2807), by
the National Research Foundation of Korea (NRF) grant funded by
the Korean government (MEST) (NRF-2016R1A5A2012284, NRF-
2021R1A2C2004382), by Basic Science Research Program through
the National Research Foundation of Korea (NRF) funded by the
Ministry of Education (NRF-2018R1D1A1A02086084), and by the
Technology Innovation Program funded by the Ministry of Trade,
Industry & Energy (20009773).

Supplementary information is available in the online version
of the paper.

References

[1] BIAN X, SONG T, WU S. Outcomes of xerostomia-related
quality of life for nasopharyngeal carcinoma treated by
IMRT: based on the EORTC QLQ-C30 and H&N35 ques-
tionnaires. Expert Rev Anticancer Ther 2015; 15: 109-119.
https://doi.org/10.1586/14737140.2015.961427

[2]  GRONHOJ C, JENSEN DH, VESTER-GLOWINSKI P, JEN-
SEN SB, BARDOW A et al. Safety and Efficacy of Mesenchy-
mal Stem Cells for Radiation-Induced Xerostomia: A Ran-
domized, Placebo-Controlled Phase 1/2 Trial (MESRIX).
Int J Radiat Oncol Biol Phys 2018; 101: 581-592. https://doi.
0rg/10.1016/j.ijrobp.2018.02.034

[3] FRIEDENSTEIN AJ, CHAILAKHJAN RK, LALYKINA KS.
The development of fibroblast colonies in monolayer cultures
of guinea-pig bone marrow and spleen cells. Cell Tissue Kinet
1970; 3: 393-403. https://doi.org/10.1111/j.1365-2184.1970.
tb00347.x

[4] CHEN G, YUE A, RUAN Z, YIN Y, WANG R et al. Human
umbilical cord-derived mesenchymal stem cells do not un-
dergo malignant transformation during long-term culturing
in serum-free medium. PLoS One 2014; 9: €98565. https://
doi.org/10.1371/journal.pone.0098565

(6]

(8]

(10]

(11]

(12]

[13]

[14]

(15]

TAKIZAWA N, OKUBO N, KAMO M, CHOSA N, MIKA-
MI T et al. Bone marrow-derived mesenchymal stem cells
propagate immunosuppressive/anti-inflammatory macro-
phages in cell-to-cell contact-independent and -dependent
manners under hypoxic culture. Exp Cell Res 2017; 358:
411-420. https://doi.org/10.1016/j.yexcr.2017.07.014
MAROFI E, VAHEDI G, HASANZADEH A, SALARINA-
SAB S, ARZHANGA P et al. Mesenchymal stem cells as
the game-changing tools in the treatment of various organs
disorders: Mirage or reality? J Cell Physiol 2019; 234: 1268-
1288. https://doi.org/10.1002/jcp.27152

PATEL AN, GENOVESE J. Potential clinical applications of
adult human mesenchymal stem cell (Prochymal®) therapy.
Stem cells Cloning 2011; 4: 61-72. https://doi.org/10.2147/
SCCAA.S11991

JEONG J, BAEK H, KIM Y], CHOI Y, LEE H et al. Human
salivary gland stem cells ameliorate hyposalivation of radi-
ation-damaged rat salivary glands. Exp Mol Med 2013; 45:
e58. https://doi.org/10.1038/emm.2013.121

LOMBAERT IMA, BRUNSTING JE WIERENGA PK,
FABER H, STOKMAN MA et al. Rescue of salivary gland
function after stem cell transplantation in irradiated glands.
PLoS One 2008; 3: €2063. https://doi.org/10.1371/journal.
pone.0002063

YI T, LEE S, CHOI N, SHIN HS, KIM ] et al. Single Cell
Clones Purified from Human Parotid Glands Display Fea-
tures of Multipotent Epitheliomesenchymal Stem Cells. Sci
Rep 2016; 6: 36303. https://doi.org/10.1038/srep36303
CASIRAGHI E REMUZZI G, ABBATE M, PERICO N.
Multipotent mesenchymal stromal cell therapy and risk of
malignancies. Stem cell Rev Rep 2013; 9: 65-79. https://doi.
org/10.1007/s12015-011-9345-4

XIONG X, SHI X, CHEN FE Human adipose tissue-de-
rived stem cells alleviate radiation-induced xerostomia.
Int ] Mol Med 2014; 34: 749-755. https://doi.org/10.3892/
ijmm.2014.1837

ROSLAND GV, SVENDSEN A, TORSVIK A, SOBALA E,
MCCORMACK E et al. Long-term Cultures of Bone Mar-
row-Derived Human Mesenchymal Stem Cells Frequently
Undergo Spontaneous Malignant Transformation. Cancer
Res 2009; 69: 5331-5339. https://doi.org/10.1158/0008-5472.
CAN-08-4630

PROCKOP DJ. Repair of tissues by adult stem/progeni-
tor cells (MSCs): controversies, myths, and changing para-
digms. Mol Ther 2009; 17: 939-946. https://doi.org/10.1038/
mt.2009.62

LEE BY, HAN JA, IM JS, MORRONE A, JOHUNG K et
al. Senescence-associated [-galactosidase is lysosomal B-
galactosidase. Aging Cell 2006; 5: 187-195. https://doi.
org/10.1111/j.1474-9726.2006.00199.x

CHO S, HWANG ES. Status of mTOR activity may phenotyp-
ically differentiate senescence and quiescence. Mol Cells 2012;
33: 597-604. https://doi.org/10.1007/s10059-012-0042-1
ROSLAND GV, SVENDSEN A, TORSVIK A, SOBALA E,
MCCORMACKE et al. Long-term cultures of bone marrow-
derived human mesenchymal stem cells frequently undergo
spontaneous malignant transformation. Cancer Res 2009; 69:
5331-5339. https://doi.org/10.1158/0008-5472.CAN-08-4630


https://doi.org/10.1016/j.yexcr.2017.07.014
https://doi.org/10.1002/jcp.27152
https://doi.org/10.2147/SCCAA.S11991
https://doi.org/10.2147/SCCAA.S11991
https://doi.org/10.1038/emm.2013.121
https://doi.org/10.1371/journal.pone.0002063
https://doi.org/10.1371/journal.pone.0002063
https://doi.org/10.1038/srep36303
https://doi.org/10.1007/s12015-011-9345-4
https://doi.org/10.1007/s12015-011-9345-4
https://doi.org/10.3892/ijmm.2014.1837
https://doi.org/10.3892/ijmm.2014.1837
https://doi.org/10.1158/0008-5472.CAN-08-4630
https://doi.org/10.1158/0008-5472.CAN-08-4630
https://doi.org/10.1038/mt.2009.62
https://doi.org/10.1038/mt.2009.62
https://doi.org/10.1111/j.1474-9726.2006.00199.x
https://doi.org/10.1111/j.1474-9726.2006.00199.x
https://doi.org/10.1007/s10059-012-0042-1
https://doi.org/10.1158/0008-5472.CAN-08-4630
https://doi.org/10.1586/14737140.2015.961427
https://doi.org/10.1016/j.ijrobp.2018.02.034
https://doi.org/10.1016/j.ijrobp.2018.02.034
https://doi.org/10.1111/j.1365-2184.1970.tb00347.x
https://doi.org/10.1111/j.1365-2184.1970.tb00347.x
https://doi.org/10.1371/journal.pone.0098565
https://doi.org/10.1371/journal.pone.0098565

1146

Jung-Hwa MOON, et al.

STENMAN G. Fusion oncogenes in salivary gland tumors:
molecular and clinical consequences. Head Neck Pathol
2013; 7: S12-19. https://doi.org/10.1007/s12105-013-0462-2z
PANKAJAKSHAN D, AGRAWAL DK. Mesenchymal stem
cell paracrine factors in vascular repair and regeneration.
J Biomed Technol Res. 2014;1:10. J Biomed Technol Res
2014; 1: 10.19104/jbtr.2014.107. https://doi.org/10.19104/
jbtr.2014.107

CUIFFO BG, KARNOUB AE. Mesenchymal stem cells
in tumor development. Cell Adh Migr 2012; 6: 220-230.
https://doi.org/10.4161/cam.20875

MOMIN EN, VELA G, ZAIDI HA, QUINONES-HINO-
JOSA A. The Oncogenic Potential of Mesenchymal Stem
Cells in the Treatment of Cancer: Directions for Future Re-
search. Curr Immunol Rev 2010; 6: 137-148. https://doi.
org/10.2174/157339510791111718

ZHOU YE BOSCH-MARCE M, OKUYAMA H, KRISH-
NAMACHARY B, KIMURA H et al. Spontaneous Trans-
formation of Cultured Mouse Bone Marrow-Derived Stro-
mal Cells. Cancer Res 2006; 66: 10849-10854. https://doi.
org/10.1158/0008-5472.CAN-06-2146

(23]

DE LA FUENTE R, BERNAD A, GARCIA-CASTRO ],
MARTIN MC, CIGUDOSA JC. Retraction: Spontaneous
human adult stem cell transformation. Cancer Res 2010; 70:
6682. https://doi.org/10.1158/0008-5472.CAN-10-2451
MEDYOUF H, MOSSNER M, JANN JC, NOLTE F, RAFFEL
S et al. Myelodysplastic cells in patients reprogram mesen-
chymal stromal cells to establish a transplantable stem cell
niche disease unit. Cell Stem Cell 2014; 14: 824-837. https://
doi.org/10.1016/j.stem.2014.02.014

MIURA M, MIURA Y, PADILLA-NASH HM, MOLINOLO
AA, FU B et al. Accumulated Chromosomal Instability in
Murine Bone Marrow Mesenchymal Stem Cells Leads to
Malignant Transformation. Stem Cells 2006; 24: 1095-1103.
https://doi.org/10.1634/stemcells.2005-0403

MA H, ZHANG M, QIN J. Probing the role of mesenchy-
mal stem cells in salivary gland cancer on biomimetic mi-
crodevices. Integr Biol (Camb) 2012; 4: 522-530. https://doi.
0rg/10.1039/c2ib20026k


https://doi.org/10.1007/s12105-013-0462-z
https://doi.org/10.19104/jbtr.2014.107
https://doi.org/10.19104/jbtr.2014.107
https://doi.org/10.4161/cam.20875
https://doi.org/10.2174/157339510791111718
https://doi.org/10.2174/157339510791111718
https://doi.org/10.1158/0008-5472.CAN-06-2146
https://doi.org/10.1158/0008-5472.CAN-06-2146
https://doi.org/10.1158/0008-5472.CAN-10-2451
https://doi.org/10.1016/j.stem.2014.02.014
https://doi.org/10.1016/j.stem.2014.02.014
https://doi.org/10.1634/stemcells.2005-0403
https://doi.org/10.1039/c2ib20026k
https://doi.org/10.1039/c2ib20026k

MALIGNANT TRANSFORMATION OF HUMAN PAROTID GSCS - Supplementary Information

https://doi.org/10.4149/neo_2021_210302N272

Single clonal glandular stem cells derived from human parotid glands do not
attain malignant phenotype during long-term in vitro culture

Jung-Hwa MOON'#, Hye-Ryun KIM'*, Jae-Yol LIM?, Young-Chang LIM"*

Supplementary Information

Supplementary Table S1. Primers used for RT-PCR.

Gene and symbol Primer sequences (5’-3’)
TACAGGGCGGCCACAAGTTTT
ATGGAGAGCAAAGCCCTGCTC

Lipoprotein lipase (LPL)

CATCAGTGTGAATGGGGATG
Fatty acid binding protein 4 (FABP4)

GTGGAAGTGACGCCTTTCAT

GACCACTCCCACTCCTTTGA
Peroxisome proliferator activated receptor gamma 2 (PPARG2)

CGACATTCAATTGCCATGAG

TATGAAAAACCAAGTAGCAAGGTTC
GTAATCTGACTCTGTCCTTGTGGAT
GTGCAGAGTCCAGCAAAGGT
CTAGCCAACTCGTCACAGTC
GCTACACCCTAAAGCCACTGCT
CGTAGTGCTCCTCATGGTCATC
TTTCCCACCTCAAGATGGTC
TCACCTGGTTTTCCACCTTC
GCCCAAGAGGTGCCCCTGGAATAC
CCTGAGAAAGAGGAGTGGACATAC

Runt-related transcription factor 2 (RUNX2)

Bone gamma-carboxyglutamate(gla) protein (BGLAP)
Aggrecan (ACAN)

Collagen II (COL2)

Collagen X (COL10)

R I R R R R R R R R R R R R R R R R TR R TR R TR R TR

ATGGGGAAGGTGAAGGTCG
Glyceraldehyde 3-phosphate dehydrogenase (GAPDH)
TAAAAGCAGCCCTGGTGACC
GTGGATTATGCTCCCCACC
BRAF CTGCCATTCCGGAGGAG
e Myc GCTGCTGTCGTTGAGAGGGT
GTATGTGGAGCGGCTTCTCGGC
HRAS CACTCTTGCCCACACCG
CAGTCGCGCCTGTGAAC
TCCAAGAGACAGGTTTCTCCA
KRAS GCAAGAGTGCCTTGACGATAC
MYB CTTTCCACAGGATGCAGGTT
GCACCAGCATCAGAAGATGA
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