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X-radiation is an ionizing electromagnetic wave 
with high energy. In diagnostic imaging, not all X-ray 
reaches to an X-ray film or a digital receptor. Instead, 

scattered radiation absorbed by the patient’s tissues 
can cause chemical changes, followed by biological 
damages within the cells(1). According to the 2012 
report of the United Nations Scientific Committee 
on the Effects of Atomic Radiation, low doses of 
irradiation are referred to the amounts of radiation 
below 100 mGy(2). In dentistry, tissues and organs 
are designated as “critical” because they are more 
vulnerable and frequently exposed to radiation than 
others during imaging procedures. A critical organ is 
an organ that, if damaged, would diminish the quality 
of life. The critical organs, exposed to X-ray during 
various dental imaging procedures in the head and 
neck region, include thyroid glands, bone marrow, 
skin, lens of the eye, brain, and salivary glands(3). A 
salivary gland consists of multiple secretory acini 
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but no apoptosis was found in both cell lines.
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connected to the oral cavity by their ductal system(4). 
Small intercalated ducts, directly adjoined to the 
secretory end pieces, are found within the lobar 
structure of salivary gland. It is believed that a major 
function of ductal cells within the intercalated duct 
is to provide a reservoir for progenitor cells, capable 
of regeneration into specialized components of the 
gland(5,6).

Previous studies have demonstrated collateral 
damages of high-dose irradiation, of more than 1 
Gy, used to treat head and neck cancer on salivary 
glands(7). However, the findings from these studies 
are not applicable for the effects of low-dose dental 
X-ray on salivary glands or cells. In general, cell-
based studies using various cell types other than the 
salivary cells indicate that there are no long-term 
cytogenetic changes in association with dental X-ray 
exposure. However, localized cytotoxic responses 
are still detected in these cells(8-12). Consequently, 
there has not yet been any study to conclude whether 
low-dose dental X-ray causes any adverse effects on 
human salivary cells.

In the present study, two distinct salivary ductal 
cell lines, HSG and HSY, were used as a valuable tool 
to uncover regulatory events and cellular responses 
of salivary cells to dental X-ray. The HSG was 
originally isolated from the submandibular salivary 
gland removed during radical neck dissection and 
radiotherapy for squamous cell carcinoma at the floor 
of the mouth(13), while the HSY was derived from 
adenocarcinoma of the parotid gland(14). Therefore, the 
objective of the present study was to determine cell 
reactions, including both proliferative and apoptotic 
effects, upon low-dose X-ray exposures in cultured 
HSG and HSY. 

Materials and Methods
Cell culture 

HSG and HSY were cultured in Dulbecco’s 
modified Eagle medium (DMEM; Gibco, Grand 
Island, NY, USA), supplemented with 10% fetal 
bovine serum (Gibco) and 1% penicillin/streptomycin 
(Gibco) in a 5% CO₂ humidified incubator. Human 
oral keratinocytes (HOKs) from five healthy 
volunteers isolated from non-inflamed gingival 
biopsies overlying bony impaction of third molars(15) 
were cultured in keratinocyte growth medium 
(PromoCell, Heidelberg, Germany). The rationale for 
use of HOKs as a cell line control was because both 
salivary ductal epithelial cells and HOKs are derived 
from the same oral ectodermal lineage, lining the 
primitive oral cavity of human embryos; however, the 

invaginated salivary cells are later differentiated to 
become specialized ductal or acinar cells that express 
specific salivary markers(16).

Characterization of HSG and HSY
HSG and HSY were first characterized for 

expressions of carcinoembryonic antigen (CEA) 
and lactoferrin (LF) by immunoblotting. The 
protein contents were determined by a protein 
quantification BCA assay kit (Pierce, Rockford, IL, 
USA) before a 10-μg aliquot of protein from each 
sample was resolved on SDS-PAGE and transferred 
to nitrocellulose membranes. The membrane was 
incubated with the anti-CEA (1:500; Santa Cruz 
Biotechnology, Santa Cruz, CA, USA), the anti-LF 
(1:2,000; Santa Cruz Biotechnology), or the anti-β-
actin antibody (1:1,000; Santa Cruz Biotechnology), 
followed by reaction with the HRP-conjugated 
secondary antibody (1:2,000; DAKO, Glostrup, 
Denmark). The membrane was reacted with the 
LumiGLO Reserve® chemiluminescence detection 
reagent (KPL, Gaithersburg, MD, USA). Protein 
bands were visualized under the ChemiDoc™ XRS 
gel documentation system (Bio-Rad Laboratories, 
Hercules, CA, USA) and captured by an attached 
CCD camera. The intensities of CEA and LF bands in 
each sample were quantified using Image J software 
(NIH, Bethesda, MD, USA), and normalized by that 
of β-actin band.

For immunofluorescence, the cells, grown in 
glass slide chambers (Lab-Tek®, Sigma-Aldrich, St. 
Louis, MO, USA), were reacted with the anti-CEA 
(1:100) or the anti-LF (1:100) antibody for one hour. 
After washing, the NorthernLights™ 557-donkey 
IgG (1:500; R&D Systems, Minneapolis, MN, 
USA) and the Alexa Fluor™ 488-phalloidin (1:500; 
ThermoFisher Scientific, Rochester, NY, USA) 
were added, followed by addition of 4’,6-diamidino-
2-phenylindole dihydrochloride (DAPI; Biotium 
Inc., Hayward, CA, USA) for 10 minutes. The glass 
slides were mounted with fluorescent mounting 
medium (DAKO), and the signals were visualized 
and captured under a fluorescence microscope (Axio 
Imager Fluorescence Microscope, Carl Zeiss, Jena, 
Germany).

Assessment of population doubling time (PDT)
HSG and HSY, originally seeded in 6-well plates 

at 2×10⁴ cells/ml, were detached from the plates on 
day 6. The PDT was calculated from the number of 
cells seeded on day 1 (N1d), that on day 6 (N6d), and the 
number of cultured days (∆T) by an equation below:
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PDT =       log (2) × ∆T
 log (N6d) – log (N1d)

Irradiation protocol
HSG and HSY, cultured in 96-well plates for cell 

proliferation or in 35-mm dishes for immunoblotting, 
were irradiated for 5, 10, or 20 times of repeated 
exposures to a standard dose of 60 kVp and 0.16 
seconds each dose, of a digital periapical radiograph, 
using a dental X-ray machine generator (Heliodent 
Plus HF, Sirona, Germany). The amount of X-ray, 
measured by an X-ray test device (TNT 12000D®, 
Fluke Biomedical, Cleveland, OH, USA) for a single 
absorbed dose, was 1.1 mGy. To simulate multiple 
X-ray exposures of full-mouth radiography, with 
a maximum at 20 exposures as in clinical setting, 
a 60-second waiting time interval between each 
exposure was allowed.

Cell proliferation
After being irradiated, the cells were further 

cultured for their first, third, or fifth cycle of 
cell division, determined by PDT. The BrdU 
cell proliferation assay kit (Roche Diagnostics, 
Mannheim, Germany) was used to examine the effect 
of irradiation on cell proliferation, according to the 
manufacturer’s instructions. Briefly, 10 μM BrdU was 
added into DMEM for four hours at 37℃, and the 
cells were later fixed with FixDenat solution for 30 
minutes and incubated with 100 μl of the anti-BrdU-
POD working solution for 90 minutes. After washing, 
the substrate solution was added and incubated for 
30 minutes, and the reaction was stopped by 1 M 
H₂SO₄. The absorbance value was measured using 
a microplate reader (Sunrise™, Tecan, Männedorf, 
Switzerland). The percentage of cell proliferation in 
the experimental sample was derived by comparison 
with that of non-irradiated control at the same cycle 
of cell division, set to 100. Moreover, the effect of 
irradiation on cell proliferation was determined by 
Ki-67 expression. Extracted whole cell lysates were 
subjected to SDS-PAGE and immunoblotting. The 
membrane was reacted with the anti-Ki-67 (1:500; 
Santa Cruz Biotechnology) or the anti-β-actin 
antibody, followed by incubation with the HRP-
conjugated secondary antibody. The band intensity of 
Ki-67, normalized by that of β-actin, in each sample 
was compared to that in the non-irradiated control at 
the same cycle of cell division, set to 1.

Cell apoptosis
After being irradiated, the cells were further 

cultured for their first, third, and fifth cycle of cell 
division. Cell apoptosis was determined by the 
presence of active caspase 3. Immunoblotting was 
conducted using the anti-caspase 3 antibody (1:2,500; 
Abcam, Cambridge, UK). As a positive control for 
cell apoptosis(17), HSG and HSY were treated with 
0.1 M staurosporine (Sigma-Aldrich) or 0.1% (v/v) 
DMSO, as a vehicle control, for four hours before 
immunoblotting.

Statistical analysis
Differences in the mean degree of CEA or LF 

expression in HSG or HSY, compared to that in 
HOKs, and in the mean doubling time between HSG 
and HSY were tested by Student’s t-test. Differences 
in the mean percentages of cell proliferation among 
different doses of X-irradiation, compared to that of 
the non-irradiated control within the same cycle of 
cell division, were determined by ANOVA, followed 
by Duncan test for multiple comparisons. Differences 
in Ki-67 expression between samples within the same 
cycle of cell division were determined by Mann-
Whitney U test. The p-value of less than 0.05 was 
considered to be statistical significance.

Ethics approval and consent to participate
Use of primary human oral keratinocytes in 

the present study was approved by the Human 
Experimentation Committee, Faculty of Dentistry, 
Chiang Mai University (#32/2020).

Results
Characterizations of HSG and HSY

HSG and HSY were tested for expressions of 
CEA(18,19) and LF(19,20) by immunoblot and immuno-
fluorescence analyses. Expressions of CEA and LF 
were detected in HSG and HSY compared to weak 
CEA and LF expressions in normal primary HOKs 
(Figure 1A). The mean degrees of CEA and LF 
expressions in HSG and HSY were significantly 
higher than those in HOKs (p<0.01) (Figure 1B, C). 
However, the degree of CEA or LF protein expression 
in HSG was not significantly different from that in 
HSY (Figure 1A-C). By immunofluorescence, both 
CEA and LF (red signals) were found in HSG and 
HSY. Consistent with weak expressions of CEA and 
LF, no red signal of either CEA or LF was detected 
in HOKs (Figure 1D). It was noted that a much larger 
size of HOKs than that of HSG or that of HSY.

Difference in PDT between HSG and HSY
Due to variations for the effects of low-dose 

________________
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irradiation in cells with different growth rates(1), 
the PDT of HSG and HSY were first assessed. Both 
HSG and HSY were first seeded at the same cell 
density on day 1; however, the colonies of HSG were 
found to be larger than those of HSY on days 4 and 
6 (Figure 2A). By determination of PDT from three 
separate experiments, the mean PDT of HSG was 
24.22±1.54 hours, while that of HSY was 30.25±1.55 
hours (Figure 2B). The mean PDT of HSG was found 
to be significantly shorter than that of HSY (p<0.01) 
(Figure 2B). Therefore, in the subsequent irradiation 
experiments, additional culture times after irradiation 
for the first, third, and fifth cycles of cell division for 

HSG or HSY were at 24 or 30 hours, 72 or 90 hours, 
and 120 or 150 hours, respectively.

Differential proliferative responses to low-dose 
irradiation between HSG and HSY

At the first cycle of cell division, the mean 
percentage of cell proliferation rate, as assessed by the 
BrdU assay, in irradiated HSG repeatedly exposed to 
dental X-ray for 20 times was found to be significantly 
increased compared to that in the non-irradiated 
control (p<0.05) (Figure 3A). By contrast, the mean 
percentage in irradiated HSY for 10 or 20 times 
was found to be significantly decreased (p<0.05) 

Figure 1. (A) Representative blots from five separate experiments (n=5) of carcinoembryonic antigen (CEA), lactoferrin (LF), and 
β-actin expressions in HSG, HSY, and human oral keratinocytes (HOKs) from five volunteers (1-5). The sizes of CEA and LF are as 
predicted. (B, C) The ratios of CEA and LF expressions against β-actin expression, respectively, in HSG, HSY, and HOKs. Error bars 
represent standard deviation; ** p<0.01, *** p<0.001. (D) Representative immunofluorescence of HSG, HSY, and HOKs, stained with 
the anti-CEA or the anti-LF antibody, followed by secondary antibody conjugated with NorthernLights™ 557 (red). The cell nuclei 
were indicated by DAPI staining (blue); the cytoplasm was visualized by staining with Alexa Fluor-488 conjugated phalloidin (green) 
for actin microfilament. Scale bars=20 μm.
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(Figure 3B). However, the increased or decreased 
effect on cell proliferation was temporarily found in 
both cells. By immunoblotting, expression of Ki-67, 
a marker of mitotic (M) phase(21), was upregulated 
in HSG upon repeated exposures to dental X-ray for 
5, 10, or 20 times at the third cycle of cell division 
(Figure 4A), whereas the Ki-67 expression was 
downregulated in HSY upon repeated exposures for 
10 or 20 times (Figure 4B). By densitometric analysis, 
significant increases in the median Ki-67 expression 
were found in HSG exposed to dental X-ray for 5, 
10, or 20 times at the third cycle of cell division 

(p=0.037) (Figure 4C), while significant decreases 
in the median Ki-67 expression were found in HSY 
exposed to dental X-ray for 10 or 20 times (p=0.037) 
(Figure 4D).

To determine cell apoptosis, immunoblotting 
for expression of the effector caspase, i.e., human 
caspase 3, and for the presence of its cleaved form of 
active caspase 3, one of the apoptotic markers, was 
conducted. It was demonstrated that no cleaved band 
of active caspase 3 was detected in HSG or HSY upon 
exposures to any doses of X-rays after observation 
at different cycles, as compared to the presence of 

Figure 2. (A) Representative images from phase-contrast inverted microscopy of HSG and HSY cultured on days 1, 2, 4, and 6.  
(B, left) Data of population doubling time (PDT) in HSG and HSY from three separate experiments (n=3), expressed as a unit of hours 
(h). (B, right) A bar graph showing mean PDT ± standard deviation (error bars) of HSG and HSY; ** p<0.01. Scale bars=250 μm.

Figure 3. Bar graphs showing the percentage of cell proliferation, analyzed by a BrdU assay, at different cycles (1, 3, or 5) of cell 
division after HSG (A) and HSY (B) were repeatedly exposed to dental X-ray for 5, 10, or 20 times (x); CTL=non-irradiated cells; Error 
bars=standard deviation; n=4; * p<0.05.
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active caspase 3 band in a positive control, i.e., HSG 
or HSY treated with 0.1 M staurosporine for four 
hours (Figure 5).

Discussion
The present study explored cell reactions to low-

dose dental irradiation in two different human salivary 
ductal cells because salivary glands are often exposed 
to X-radiation and sensitive or rapidly responsive to 
the radiation(22). CEA and LF expressions have been 
previously detected in HSG(19), derived from human 
submandibular salivary gland, as well as in normal 
intercalated duct of the parotid salivary gland(18,23). 
Therefore, these two markers are useful to distinguish 
HSG or HSY from HOKs, since their morphology 
may resemble that of HOKs, i.e., a polyhedral shape, 
whose colonies can steadily expand to form cell 

clusters. The degrees of CEA and LF expressions in 
HSG or HSY were not only significantly higher than 
those of HOKs, but CEA and LF were also detected 
only in HSG and HSY, not in HOKs, representing 
the characteristics of HSG and HSY as the salivary 
intercalated ductal cells in nature. According to the 
objectives of the present study to determine the 
proliferative and apoptotic effects of two human 
salivary ductal cell lines upon exposure to low-dose 
irradiation, comparisons of CEA or LF expression 
before and after exposure to low-dose irradiation in 
HSG or HSY were, therefore, not studied, since CEA 
or LF is not regarded as a biomarker for those effects.

Since the sensitivity of each cell type to 
X-radiation is influenced by its rate of cell division, 
damages from dental radiation would happen in 
cells with more rapid proliferation(1). HSG with a 

Figure 4. (A, B) Representative blots from four independent experiments (n=4) for protein expressions of Ki-67 and β-actin at 
different cycles (1, 3, or 5) of cell division in HSG and HSY after being repeatedly exposed to dental X-ray for 5, 10, or 20 times (x). 
The size of Ki-67 is as predicted; Control=non-irradiated cells. (C, D) Box plot graphs showing Ki-67 expression in HSG and HSY. The 
band intensities of Ki-67, quantified using Image J software, were normalized by those of β-actin. The degrees of Ki-67 expression in 
each experimental sample were compared to those in non-irradiated cell control (CTL) at the same cycle of cell division, set to 1.  
A horizontal line in each box represents the median; * p<0.05.
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faster turnover rate responded to low-dose dental 
X-ray by promoting transient cell proliferation at the 
first cycle post-irradiation relative to the control. In 
contrast, HSY with a slower turnover rate temporarily 
responded in the opposite way, indicating distinct 
radiosensitivity between the two cells. However, 
these proliferative responses to dental X-ray were 
reversible, as the cell proliferation rates of irradiated 
HSG and HSY showed no difference from those of 
the non-irradiated cells at or after the third cycle, 
suggesting that HSG and HSY have an ability to 
recover and resume their normal rates of proliferation.

An increase or a decrease in cell proliferation 
after exposure to low-dose irradiation found in HSG 
or in HSY, respectively, is consistent with a theory 
of “radiation hormesis” or adaptive responses(24). 
The distinct mechanisms of radiation hormesis for 
increased or decreased cell proliferation in these 
two salivary ductal cells lines are not known, but 

they are likely to depend on the characteristics of 
various cell types. For example, high resistance to 
chromosome aberrations was caused by exposure to 
low-dose irradiation in lymphocytes, implying that 
a low dose of ionizing radiation promotes cellular 
resistance(25). Moreover, consistent with the increased 
proliferation of HSG, an increased proliferative 
activity of a mouse osteoblastic cell line, MC3T3-E1, 
was observed after a single dose (500 mGy) of 
X-ray(26). By contrast, the decreased proliferation, 
by a delay of cell cycle progression. after low-dose 
irradiation has been observed in human periodontal 
ligament cells, albeit briefly, on day 3 after dental 
irradiation(27). Feinendegen and co-workers, 1987, 
described that low doses of ionizing radiation caused 
a temporary inhibition of DNA synthesis(28). This 
transient inhibition would have provided a longer 
time for irradiated HSY to recover. Hence, a delay 
in cell proliferation may be considered a protective 

Figure 5. Representative blots from the samples in Figure 4 for constitutive expression of human pro-caspase 3 at its predicted size 
of 32 kDa. Note the presence of the active caspase 3 at around 17 kDa in HSG and HSY treated with 0.1 M staurosporine for 4 hours 
and equivalent expression of β-actin among different samples. HSG and HSY were treated with 0.1% (v/v) of dimethyl sulfoxide 
(DMSO) as a vehicle control for staurosporine.
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mechanism to mitigate and to repair irradiation-
induced DNA damages.

Ki-67 is an endogenous marker for dividing 
cells(29,30), whose expression is peaked at the M 
phase(21). A previous animal study has shown a 
concurrent increase in the number of BrdU-labelled 
and Ki-67-positive neural cells upon irradiation at 
100 mGy(31). Concordantly, BrdU-labelled cells and 
Ki-67 protein expression were increased in HSG 
upon low-dose irradiation, while they were decreased 
in HSY. Delayed changes in the Ki-67 expression 
were observed, which may have been a result of 
the G₂ phase blockade before continuing to the M 
phase(32). Due to the absence of active caspase 3 in 
both cells upon exposure to any doses of X-rays after 
observation at different cycles, these findings indicate 
that cell apoptosis did not occur in both salivary ductal 
cells upon exposure to low-dose dental X-rays.

Conclusion
In the present study, repeatedly multiple exposures 

to digital X-ray transiently resulted in differential 
proliferative responses between the two human 
salivary ductal cells. However, the apoptosis did not 
occur in these cells. Since it is difficult to apply any in 
vitro effects of dental X-rays on cultured salivary cells 
for the dysfunction of a whole intact salivary gland, 
it is, therefore, required to further investigate cell and 
tissue reactions to low-dose irradiation in vivo. Note 
that other biological changes in the salivary ductal 
cells upon exposure to low-dose X-rays also remain 
to be further investigated.

It is well known that high-dose irradiation 
from radiotherapy in the head and neck region 
causes salivary gland impairment, resulting in 
“xerostomia”. The reduced amount of saliva leads to 
more acidic environment in the oral cavity, enhancing 
decalcification of the tooth structures. Thus, rampant 
dental caries can frequently be encountered among 
patients undergoing the radiotherapy. Although the 
doses of X-ray used in conjunction with oral diagnosis 
and treatment are considered low, increasing use of 
cone beam computed tomography in dentistry with 
greater exposures to radiation than the conventional 
dental X-ray is likely to negatively affect salivary 
acinar and ductal cells. Consequently, detection of 
transient changes in the rate of cell proliferation upon 
exposure to low-dose X-rays would somehow enhance 
an awareness of dental practitioners for the likelihood 
of deleterious effects of X-radiation in dentistry. 
Protective measures from X-radiation must be 
addressed, particularly for the full-mouth radiography, 

and the principle of “as low as reasonably achievable” 
exposure with greatest benefits for patients and dental 
treatments must be upheld.

What is already known on this topic?
Studies have previously reported deleterious 

effects of high-dose irradiation on major salivary 
glands that are often irradiated due to radiotherapy of 
head and neck tumors. However, the effects of low-
dose X-radiation of less than 100 mGy from dental 
radiography on the salivary glands and cells have not 
yet been studied.

What this study adds?
The findings from this study demonstrate that 

even exposure to low-dose X-radiation can lead to 
detectable alterations in the salivary cell proliferation 
owing to adaptive responses between the two different 
human salivary ductal cells, depending upon their 
rates of cell proliferation.

Acknowledgement
The authors would like to thank Dr. Thanapat 

Sastraruji for his statistical consultation.

Funding disclosure
Financial support from the Intramural Endowment 

Fund, Faculty of Dentistry, Chiang Mai University to 
RA and SK, and the Postdoctoral Fellowship, Chiang 
Mai University to AM are gratefully acknowledged.

Conflicts of interest
The authors declare no conflict of interest.

References
1. Iannucci JM, Howerton LJ. Radiation biology. 

In: Iannucci JM, Howerton LJ, editors. Dental 
radiography: principles and techniques. 5th ed. St. 
Louis, MO: Elsevier; 2016. p. 31-41.

2. Marcu LG. Photons - Radiobiological issues related 
to the risk of second malignancies. Phys Med 
2017;42:213-20.

3. Moghadam AE, Mardani M, Hasanzadeh H, Rafati 
M. Assessment of absorbed dose in critical organs in 
OPG: a phantom study. Arch Adv Biosci 2015;6:44-9. 

4. Tandler B. Introduction to mammalian salivary glands. 
Microsc Res Tech 1993;26:1-4.

5. Hoffman MP, Kibbey MC, Letterio JJ, Kleinman 
HK. Role of laminin-1 and TGF-beta 3 in acinar 
differentiation of a human submandibular gland cell 
line (HSG). J Cell Sci 1996;109 (Pt 8):2013-21.

6. Maria OM, Maria O, Liu Y, Komarova SV, Tran SD. 
Matrigel improves functional properties of human 
submandibular salivary gland cell line. Int J Biochem 



227 J Med Assoc Thai  |  Vol.105  No.3  |  March 2022

Cell Biol 2011;43:622-31.
7. Deasy JO, Moiseenko V, Marks L, Chao KS, Nam 

J, Eisbruch A. Radiotherapy dose-volume effects on 
salivary gland function. Int J Radiat Oncol Biol Phys 
2010;76:S58-63.

8. Angelieri F, Carlin V, Saez DM, Pozzi R, Ribeiro DA. 
Mutagenicity and cytotoxicity assessment in patients 
undergoing orthodontic radiographs. Dentomaxillofac 
Radiol 2010;39:437-40.

9. Cerqueira EM, Gomes-Filho IS, Trindade S, Lopes 
MA, Passos JS, Machado-Santelli GM. Genetic 
damage in exfoliated cells from oral mucosa of 
individuals exposed to X-rays during panoramic dental 
radiographies. Mutat Res 2004;562:111-7.

10. Popova L, Kishkilova D, Hadjidekova VB, Hristova 
RP, Atanasova P, Hadjidekova VV, et al. Micronucleus 
test in buccal epithelium cells from patients subjected 
to panoramic radiography. Dentomaxillofac Radiol 
2007;36:168-71.

11. Ribeiro DA, Angelieri F. Cytogenetic biomonitoring 
of oral mucosa cells from adults exposed to dental 
X-rays. Radiat Med 2008;26:325-30.

12. Chauhan V, Wilkins RC. A comprehensive review 
of the literature on the biological effects from dental 
X-ray exposures. Int J Radiat Biol 2019;95:107-19.

13. Shirasuna K, Sato M, Miyazaki T. A neoplastic 
epithelial duct cell line established from an irradiated 
human salivary gland. Cancer 1981;48:745-52.

14. Yanagawa T, Hayashi Y, Nagamine S, Yoshida H, 
Yura Y, Sato M. Generation of cells with phenotypes 
of both intercalated duct-type and myoepithelial cells 
in human parotid gland adenocarcinoma clonal cells 
grown in athymic nude mice. Virchows Arch B Cell 
Pathol Incl Mol Pathol 1986;51:187-95.

15. Kongkaew T, Aung WPP, Supanchart C, Makeudom 
A, Langsa-Ard S, Sastraruji T, et al. O-GlcNAcylation 
in oral squamous cell carcinoma. J Oral Pathol Med 
2018;47:260-7.

16. Garant PR. Salivary glands. In: Garant PR, editor. Oral 
cells and tissues. Illinois: Quintessence Publishing; 
2003. p. 239-69.

17. Heß V, Kasim M, Mathia S, Persson PB, Rosenberger C, 
Fähling M. Episodic hypoxia promotes defence against 
cellular stress. Cell Physiol Biochem 2019;52:1075-
91.

18. Caseli tz J,  Seifert  G, Jaup T. Presence of 
ca rc inoembryon ic  an t igen  (CEA)  in  t he 
normal and inflamed human parotid gland. An 
immunohistochemical study of 31 cases. J Cancer Res 
Clin Oncol 1981;100:205-11.

19. Sato M, Hayashi Y, Yoshida H, Yanagawa T, Yura 

Y, Nitta T. Search for specific markers of neoplastic 
epithelial duct and myoepithelial cell lines established 
from human salivary gland and characterization of 
their growth in vitro. Cancer 1984;54:2959-67.

20. Caselitz J, Seifert G, Jaup T. Tumor antigens in 
neoplasms of the human parotid gland. J Oral Pathol 
1982;11:374-86.

21. Sobecki M, Mrouj K, Colinge J, Gerbe F, Jay P, 
Krasinska L, et al. Cell-cycle regulation accounts for 
variability in Ki-67 expression levels. Cancer Res 
2017;77:2722-34.

22. Konings AW, Coppes RP, Vissink A. On the mechanism 
of salivary gland radiosensitivity. Int J Radiat Oncol 
Biol Phys 2005;62:1187-94.

23. Reitamo S, Konttinen YT, Segerberg-Konttinen M. 
Distribution of lactoferrin in human salivary glands. 
Histochemistry 1980;66:285-91.

24. Feinendegen LE. Evidence for beneficial low level 
radiation effects and radiation hormesis. Br J Radiol 
2005;78:3-7.

25. Olivieri G, Bodycote J, Wolff S. Adaptive response 
of human lymphocytes to low concentrations of 
radioactive thymidine. Science 1984;223:594-7.

26. Chen M, Huang Q, Xu W, She C, Xie ZG, Mao YT, 
et al. Low-dose X-ray irradiation promotes osteoblast 
proliferation, differentiation and fracture healing. 
PLoS One 2014;9:e104016.

27. Pathomburi J, Nalampang S, Makeudom A, Klangjorhor 
J, Supanchart C, Krisanaprakornkit S. Effects of low-
dose irradiation on human osteoblasts and periodontal 
ligament cells. Arch Oral Biol 2020;109:104557.

28. Feinendegen LE, Mühlensiepen H, Bond VP, Sondhaus 
CA. Intracellular stimulation of biochemical control 
mechanisms by low-dose, low-LET irradiation. Health 
Phys 1987;52:663-9.

29. Gil JM, Mohapel P, Araújo IM, Popovic N, Li JY, 
Brundin P, et al. Reduced hippocampal neurogenesis in 
R6/2 transgenic Huntington’s disease mice. Neurobiol 
Dis 2005;20:744-51.

30. Kee N, Sivalingam S, Boonstra R, Wojtowicz JM. The 
utility of Ki-67 and BrdU as proliferative markers of 
adult neurogenesis. J Neurosci Methods 2002;115:97-
105.

31. Kang JO, Hong SE, Kim SK, Kim CJ, Lee TH, Chang 
HK, et al. Adaptive responses induced by low dose 
radiation in dentate gyrus of rats. J Korean Med Sci 
2006;21:1103-7.

32. Hall EJ, Giaccia AJ. Radiosensitivity and cell age 
in the mitotic cycle. In: Hall EJ, Giaccia AJ, editors. 
Radiobiology for the radiologist. Philadelphia: 
Lippincott Williams & Wilkins; 2006. p. 47-59.


