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TIGAR overexpression diminishes  
radiosensitivity of parotid gland fibroblast  
cells and inhibits IR-induced cell autophagy
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Abstract: Our previous study proved that TP53-induced glycolysis and apoptosis regulator (TIGAR) abrogation is able 
to radiosensitize glioma cells. Whether TIGAR over-expression has radio-protective effect in human parotid gland 
cells is still unknown. In this study human parotid gland fibroblast Hs 917.T cells were transfected with pcDNA3.1-
TIGAR, and clonogenic assay was performed to investigate the radiosensitivity of Hs 917.T cells over-expressing 
pcDNA3.1 or pcDNA3.1-TIGAR. Western blot was carried out to demonstrate the autophagy activity of cells being 
irradiated, and immunofluorescence assay was used to evaluate the DNA damage repair process of irradiated Hs 
917.T cells. It was revealed that TIGAR over-expression could diminish the radiosensitivity of Hs 917.T cells, and the 
autophagy level induced by ionizing radiation (IR) was also decreased by TIGAR transfection. The mechanism might 
rely on TIGAR over-expression induced ROS scavenging and NADPH increasing. Using autophagy inhibitor, it was 
also elaborated that IR-induced autophagy in Hs 917.T cells was protective autophagy but not traumatic autophagy.
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Introduction

Radiotherapy plays an important role in the 
treatment of the patients with head-and-neck 
cancer. Despite the great beneficial effects of 
radiotherapy in tumor local control, the damage 
to normal tissues such as salivary glands may 
cause severe complications. The loss of sali-
vary gland function which is resulted from 
radiotherapy has been reported during the 
early course of treatment [1, 2]. The clinical 
manifestations of salivary gland dysfunction 
include xerostomia, hyposalivation, dysphagia, 
and extensive discomfort. Therefore, it is con-
sequential that identifying the mechanisms of 
IR-induced salivary gland damage will contrib-
ute to promote patients’ quality of life.

TP53-induced glycolysis and apoptosis regula-
tor (TIGAR) is gene structured and functioning 
as fructose-2,6-bisphosphatase (FBPase-2), 

which inhibits glycolysis and activates the pen-
tose phosphate pathway (PPP) under oxidative 
stress [3]. Our early study elaborates that TIGAR 
could be upregulated by ionizing radiation (IR) in 
A172 glioma cells and TIGAR knockdown could 
postpone the process of DNA damage repair 
(DDR), thereby diminishing radio-resistance of 
glioma cells [4]. The central mechanism of 
TIGAR knockdown-induced radiosensitization 
of glioma cells might be ROS accumulation and 
NADPH depletion.

Not only could TIGAR abrogation enhance the 
radiosensitivity of tumor cells, but also could 
up-regulate the autophagy activity in cells with 
nutrient starvation or metabolic stress [5]. It 
was reported that either nutrient starvation or 
metabolic stress could result in a strong activa-
tion of autophagy, which was significantly 
reduced in the TIGAR over-expressing cells 
while increased by TIGAR interfering.
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Since TIGAR knockdown could significantly 
diminish the radioresistance of glioma cells 
and activate autophagy in starved cells, we 
hypothesized that TIGAR over-expression may 
reduce the radiosensitivity of salivary glands 
cells via autophagy modulation. In this study, 
we demonstrated that TIGAR over-expression 
could inhibit the autophagy activity by scaveng-
ing intracellular reactive oxygen species (ROS) 
and significantly reduce the radiation sensitivi-
ty of salivary glands fibroblasts cells Hs 917.

Methods and materials

Cell culture and radiation conditions

Human parotid gland fibroblast Hs 917.T cells 
were maintained in a 36.5°C incubator with 5% 
CO2. Cells were cultured in Dulbecco’s modified 
Eagle medium with 10% fetal bovine serum. 
Cells were irradiated with a cobalt-60 gamma-
radiation source at a dose rate of 2 Gy/min.

Reagents and antibodies

Chloroquine (CQ) and 3-methyladenine (3-MA) 
were purchased from Sigma-Aldrich (St. Louis, 
MO, USA). The antibodies against micro-tubule-
associated protein 1 light chain 3B (LC3B)  
and p62 were purchased from Epitomics 
(Burlingame, CA, USA). Antibody against TIGAR 
was purchased from Abcam (Cambridge, MA, 
USA).

Vector construction and transfection

TIGAR was cloned using the following primers: 
5’-GCAGGTACCATGGCTCGCTTCGCTCTG-3’ 
(sense) and 5’-GCACTCGAGTTAGCGAGTTTCAG- 
TCAGTCC-3’ (antisense), then subcloned into 
pcDNA3.1 vector (Invitrogen) to create pc- 
DNA3.1-TIGAR. Cells were transfected with 
pcDNA3.1 or pcDNA3.1-TIGAR by Lipo- 
fectamineTM 2000 (Invitrogen), and the trans-

Figure 1. TIGAR overexpression diminishes the radiosensitivity of parotid gland fibroblast cells. A. Hs 917.T cells 
were irradiated by 8 Gy IR and IR-induced TIGAR expression was examined by Western blot. *, P < 0.05. B. Cells were 
plated into six-well plates and transfected with pcDNA3.1 and different amounts of pcDNA3.1-TIGAR as indicated. 
TIGAR expressions were determined by western blot 48 h post-transfection. Clonogenic survival of Hs 917.T cells 
over-expressing pcDNA3.1 or pcDNA3.1-TIGAR after a range of radiation doses was performed. Cells were irradiated 
48 h post-transfection. *, P < 0.05, pcDNA3.1 vs. pcDNA3.1-TIGAR (2.5 µg) / pcDNA3.1-TIGAR (5 µg); #, P < 0.05, 
pcDNA3.1-TIGAR (2.5 µg) vs. pcDNA3.1-TIGAR (5 µg).
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fection efficiency was determined by Western 
blot assay 48 h post-transfection.

Clonogenic survival assay

Twenty-four hours after transfection, cells were 
plated in triplicate into six-well plates. Plates 
were irradiated 24 h after plating. Fourteen 
days after IR, the cells were fixed and stained 
with Giemsa. Colonies consisting of more than 
50 cells were counted as a single colony.

Measurement of ROS

Cells were incubating in 20, 70-dichloro-dihy-
drofluorescein diacetate (Invitrogen). ROS lev-
els were measured by flow cytometric analysis 
(Beckman Coulter, Brea, CA).

NADPH and GSH/GSSG analysis

NADPH level was detected by NADP/NADPH 
quantitation kit (Biovision, Milpitas, CA) accord-

Figure 2. TIGAR overexpression decreases IR-induced oxidative stress in parotid gland fibroblast cells. A. Hs 917.T 
cells were transfected with pcDNA3.1 or pcDNA3.1-TIGAR 48 h before IR. Flow cytometric assessment of ROS pro-
duction was performed at 1 h post-IR *, P < 0.05. B. Cells were transfected with pcDNA3.1-TIGAR 48 h before IR. 
Cellular NADPH production was measured 1 h post-IR. *, P < 0.05. C. Cells were transfected with pcDNA3.1-TIGAR 
48 h before IR. Intracellular GSH and total glutathione were detected 1 h post-IR and the ratio of GSH/GSSG was 
calculated. *, P < 0.05. Cells were irradiated by 8 Gy IR.
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ing to the manufacture’s introduction. GSH and 
total glutathione were detected by glutathione 
assay kit (Biovision). 

Western blot analysis

The cells were harvested and lysed on ice. 
Then, the cell lysates were centrifuged at 
12,000 rpm for 15 min. Identical amounts of 
protein (60 µg) from each sample were loaded 
and run on 12% SDS-PAGE gels and transferred 
to PVDF membranes (Millipore, Billerica, MA, 
USA) by Semi-Dry Electrophoretic Transfer (Bio-
rad, US). After membrane blocking with 5% 
non-fat milk in Tris-buffered saline with 0.1% 
Tween 20 (TBST) at room temperature for 1 h, 
the membranes were incubated with specific 
primary antibodies at 4°C overnight.

Immunofluorescence

Cells were stained with primary antibodies for 
γ-H2AX (Epitomics) and slides were incubated 

for 1 h with Alexa-488-conjugated anti-rabbit 
IgG for visualization of foci.

Statistical analysis

Results are expressed as means ± standard 
error in independent experiments. Differences 
among samples were analyzed with the one-
way ANOVA. A P value less than 0.05 were con-
sidered statistical significant. 

Results

Radiosensitivity of parotid gland fibroblast 
cells was diminished by TIGAR overexpression

As shown in Figure 1A, TIGAR was enhanced by 
ionizing radiation (IR) at a dose of 8 Gray (Gy) in 
human parotid gland fibroblast Hs 917.T cells. 
The peak time of TIGAR up-regulation was 2 
hour post-IR, and TIGAR expression was 
decreased to basal level approximately 6 hours 
later that is 8 hour post-IR. In order to investi-

Figure 3. TIGAR overexpression abrogates IR-induced autophagy in parotid gland fibroblast cells. A. Hs 917.T cells 
were suffered by 8-Gy irradiation, and IR-induced autophagy was in a time dependent manner. *, P < 0.05. B. Cells 
were transfected with pcDNA3.1 and different amounts of pcDNA3.1-TIGAR as indicated 48 h before IR. Western 
blot was performed to determine the IR-induced autophagy levels in cells with different TIGAR expression. Cell 
lysates were collected 2 h post-IR for detecting TIGAR expression and 12 h post-IR for autophagy detection. */#/£, 
P < 0.05.
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gate the role TIGAR played in radiosensitivity, 
parotid gland fibroblast cells were transfected 
with plasmid overexpressing TIGAR. Clonogenic 
assay indicated that the survival fractions of 
cells treated with pcDNA3.1-TIGAR were signifi-
cantly higher than cells transfected with control 
vector, and TIGAR expression-related radio-pro-
tective effect might be changed in a certain 
range (Figure 1B).

TIGAR overexpression rescues the pro-oxidant-
antioxidant balance disturbed by ionizing ra-
diation

Our previous study revealed that TIGAR silence 
could significantly increase the radiosensitivity 
of glioma cells. The sensitive enhancement 
ratio (SER) came to be more than 1.6. And the 
redox balance in glioma cells suffered by TIGAR 
knockdown and ionizing radiation was disrupt-
ed severely. Contrarily, glioma cells treated with 
plasmid overexpressing TIGAR were more 
radioresistant than the control group, and 
TIGAR overexpression enhanced the antioxi-
dant ability of irradiated glioma cells to a great 
extent. In this study, both the ROS generation 
and the NADPH production were determined. It 
was demonstrated that the ROS generation in 
Hs 917.T cells was nearly doubled by 8-Gy-IR. 
While in cells underwent both TIGAR overex-
pression and IR, there was only an approxi-
mately 50% increase in the ROS generation 
(Figure 2A). Meanwhile, in TIGAR over-
expressed Hs 917.T cells, the NADPH was only 
reduced by approximately 15% by IR, compared 

with a reduction of more than 30% in cells 
being irradiated only (Figure 2B). Similarly, the 
ratio of GSH/GSSG in irradiated cells was also 
rebounded by TIGAR overexpression (Figure 
2C).

TIGAR overexpression decreased autophagy in 
irradiated parotid gland fibroblast cells

Because TIGAR plays a critical role in control-
ling autophagy by the modulation of intracellu-
lar ROS levels, we speculated that TIGAR over-
expression could abrogate the autophagy activ-
ity via diminishing the ROS generation induced 
by ionizing radiation. The conversion of LC3-I to 
LC3-II is a well-established indicator of autoph-
agy induction. The expression of LC3-II gradu-
ally increased in a time dependent manner in 
human parotid gland fibroblast Hs 917.T cells 
with IR exposure (Figure 3A). The peak time 
was 12 h post-IR. Meanwhile, p62 expression 
was decreased to an extreme point at 12 h 
post-IR, which indicated autophagy was 
induced by IR at this time point. However, in 
cells transfected with pcDNA3.1-TIGAR, the 
autophagy induced by IR was greatly decreased 
in a transfection dose dependent manner 
(Figure 3B).

IR-induced autophagy in parotid gland fibro-
blast cells is protective

In order to demonstrate whether IR-induced 
autophagy in parotid gland fibroblast cells is 
protective or not, autophagy inhibitors were 

Figure 4. Ionizing radiation induces protective autophagy in parotid gland fibroblast cells. A. Hs917.T cells were 
exposed to a range of radiation doses as indicated, with or without 3-MA (10 mM) co-treatment for 24 h, and clono-
genic assay was performed. *, P < 0.05. B. Hs917.T cells were exposed to a range of radiation doses as indicated, 
with or without CQ (10 µM) co-treatment for 24 h, and clonogenic assay was performed. *, P < 0.05.
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used in our study. A common specific inhibitor 
of autophagic/lysosomal degradation called 
3-methyladenine (3-MA) was used to block 
autophagy, and clonogenic assay revealed the 
radiosensitivity of cells underwent both 3-MA 
treatment and TIGAR overexpression. It was 
proven that, 3-MA could only decrease the 
radiosensitivity of cells transfected with 
pcDNA3.1 only, but not cells treated with 
pcDNA3.1-TIGAR (Figure 4A). Similarly, chloro-
quine (CQ), which inhibits the fusion of 
autophgosome and lysosome, could also radio-
sensitize Hs 917.T cells only but not cells over-
expressing TIGAR, which indicated that 
IR-induced autophagy in parotid gland fibro-
blast cells is protective but not impaired (Figure 
4B). Furthermore, it was illustrated by immuno-
fluorescence assay that the DNA damage repair 
(DDR) process was significantly delayed by 
autophagy inhibitor in irradiated Hs 917.T cells. 
And the DDR process retarded by either 3-MA 
or CQ could be accelerated by TIGAR over-
expressing (Supplementary Figure 1).

Discussion

Radiotherapy is an important treatment for 
patients with head-and-neck cancers, which 
has increased the 5-year survival rate of the 
patients a lot. However, as the extension of sur-
vival time, radiation induced oral complications 
increased, which may seriously affect the 
patients’ living quality. The salivary gland is 
always inevitably received radiation during 
radiotherapy in patients with head-and-neck 
cancers. High dose irradiation may cause irre-
versible reduce of salivary gland function [6]. 
Although radical scavenging drugs may reduce 
the radiation response, the gastrointestinal 
side effects limit its using. 

TIGAR is a protein which could be upregulated 
under oxidative stress such as glucose depriva-
tion and ionization damage [5, 7]. TIGAR activa-
tion could activate the pentose phosphate 
pathway, thus might increase the production of 
NAPDH and glutathione (GSH) [1, 4]. For 
instance, TIGAR could protect neurons from 
ischemia/reperfusion injury by enhancing 
endogenous antioxidant NADPH and inhibiting 
ROS in vivo [8]. Furthermore, TIGAR could pro-
tect myocardial cells from hypoxia damage [9]. 
In this study, it was observed that TIGAR in sali-
vary gland Hs 917.T cells was significantly 
upregulated 2-4 hours after ionizing radiation. 

Clonogenic assay revealed that salivary glands 
Hs 917.T cells over-expressing TIGAR were less 
radiosensitive than cells over-expressing 
pcDNA3.1.

Our data also demonstrated that ROS genera-
tion was significantly decreased by TIGAR over-
expression in irradiated Hs 917.T cells. 
Meanwhile, the GSH and NADPH levels in irradi-
ated Hs 917.T cells were significantly rescued 
by pcDNA3.1-TIGAR transfection, suggesting 
that the oxidative-reduce balance was modu-
lated by TIGAR expression in salivary gland 
cells being irradiated. 

Autophagy could be induced not only by ROS 
generation [10] but also by ionizing radiation 
[11]. Our data revealed that TIGAR expression 
could significantly inhibit autophagy induced by 
irradiation. It was found that both oxidative 
stress and cellular autophagy activity were sig-
nificantly enhanced by ionizing radiation in Hs 
917.T cells. The peak time of IR-induced autoph-
agy was 12 hours post-IR. Interestingly, it was 
shown that TIGAR over-expression could signifi-
cantly inhibit IR-induced autophagy in Hs 917.T 
cells although it had no effect on the basal level 
of autophagy. 

When cells were suffered by exogenous dam-
age, autophagy could degrade the substrate by 
lysosomal and some enzymes to protect the tis-
sue [12]. For example, the activation of autoph-
agy could protect the vascular endothelial cells 
and T cells from ionizing radiation damage [13, 
14]. However, autophagy is a double-edged 
sword. When the dysfunction or excessive 
autophagy demand is more than cell reserve 
capacity, the formation of autophagy bubble 
will be faster than its degradation, which may 
lead to excessive self digestion as well as the 
autophagy stress and cause irreversible loss of 
function [15, 16] In order to distinguish the 
IR-induced autophagy in Hs 917.T cells was pro-
tective autophagy or traumatic autophagy, two 
kinds of autophagy inhibitors 3-methyladenine 
(3-MA) and chloroquine (CQ) were used to inhib-
it cell autophagy. Our results indicated that 
both 3-MA which inhibited autophagy body 
forming or CQ which inhibited lysosome fusing 
could significantly increase the radiosensitivity 
of Hs 917.T cells. Therefore, it could be conclud-
ed that the autophagy induced by ionizing radi-
ation was a kind of protective autophagy in sali-
vary gland cells. 
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In conclusion, in our study, we found that TIGAR 
overexpression could protect Hs 917 cells from 
irradiation damage, which was mainly by remov-
ing of free radicals. Furthermore, protective 
autophagy was induced by 8 Gy IR in salivary 
gland cells which could also be inhibited by 
TIGAR over-expression.
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Supplementary Figure 1. The DNA damage repair process in irradiated glioma cells treated with autophagy inhibitor 
and pcDNA3.1-TIGAR. Cells were fixed 4 h post 8 Gy IR.


