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Abstract
Background: Radiation induced-intestinal injury (RIII) is a common complication after radiation therapy in
patients with pelvic, abdominal or retroperitoneal tumors. The mechanism of RIII includes radiation-
induced death of intestinal epithelial cells (IECs) and damage of intestinal stem cells (ISCs), among
which damage of ISCs is main cause. Most recently, hypoxia Inducible factor (HIF) has been found to
have effect on maintaining stemness and promoting proliferation of ISCs, which suggests a protective
role of HIF in the RIII. In this study, we investigated the effect of FG4592, a novel up-regulator of HIF, on
the protection of RIII, and further researched its function on ISCs.

Methods: With/without FG4592 treatment, the abdomen of mice was radiated at dose of 25Gy, and then
the degree of intestinal injury was assessed by H&E staining and Brdu label. By intestinal organoid
culture, the multiplication capacity and differentiation features of ISCs were detected. Besides, the effects
of FG4592 on the radiated IECs were also evaluated by detecting cell viability, apoptosis, and proliferation
potential.

Results: FG4592 could effectively up-regulate the expression of HIF-1α and HIF-2α in vivo. An abdominal
radiation of 25Gy established the RIII model of mice, by which FG4592 was veri�ed to have protective
effect on the intestine from radiation. Morphology and Brdu test of intestinal organoid showed that
FG4592 could promote regeneration and differentiation in ISCs after radiation, which were mediated by
up-regulating HIF-2 rather than HIF-1.

Conclusion: FG4592, a novel up-regulator of HIF could remit RIII and promote regeneration and
differentiation of ISCs after radiation, which were depend on HIF-2 rather than HIF-1.

Introduction
Radiation induced-intestinal injury (RIII) is a common complication after radiation therapy in patients with
pelvic, abdominal, or retroperitoneal tumors. Studies have shown that the incidence of intestinal injury
caused by pelvic radiation therapy is about 2–17% [1]. Currently, it is believed that the mechanism of
radioactive intestinal injury mainly includes: on the one hand, radiation induces the death of intestinal
epithelial cells [2], the destruction of intestinal barrier [3], and then causes the damage of intestinal tissue;
on the other hand, intestinal stem cells are highly sensitive to radiation [4], and a large number of
intestinal stem cells die due to radiation so that repair of the epithelial tract is blocked. In recent years,
more and more studies have demonstrated that radiation-induced intestinal stem cells (ISCs) damage is
a more important causes in the occurrence of radiation intestinal damage and determines the prognosis
of patients [5]. Therefore, protection of ISCs from radiation is considered as an effective strategy to
prevent and treat RIII [6].

Hypoxia inducible factor (HIF) is a type of transcription factor mainly induced by hypoxia and can
subsequently regulate a variety of genes. HIF consists of α and β subunits, and contains HIF-1, HIF-2, and
HIF-3, among which HIF-1α was most widely studied [7, 8]. Since the discovery of HIF in 1990s, its
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function has been studied extensively. Many studies have shown that HIF plays an important role in
hypoxia tolerance [9], tumor proliferation [10], erythropoiesis [11] and so on. Recently, HIF was also
reported to plays a key role in the regulation of intestinal stem cell proliferation [12]. These results
suggested that up-regulation of HIF may be effective for the prevention and treatment of radiation-
induced intestinal injury.

As is known, HIF is regulated by prolyl hydroxylase (PHD) [13]. Under normoxic conditions, HIF-α is
hydroxylated by prolyl hydroxylase (PHD) existing in the body. The hydroxylated HIF-α binds to the tumor
suppressor protein (vonHippel-Lindau protein, pVHL), eventually leading to the degradation of HIF-α.
Therefor inhibition of PHD can signi�cantly up-regulate the expression of HIF [14], suggesting a potential
protection of targeting PHD on RIII.

In this study, we then investigated the effect of Roxadustat (FG4592), a novel inhibitor to PHD in RIII. As a
result, our study demonstrated, for the �rst time, that FG-4592 could remit the RIII by promoting the
recovery of ISCs and inhibiting apoptosis of intestinal epithelial cells post-radiation. Further mechanism
research veri�ed that the protective effect of FG-4592 mainly depends on HIF-2 rather than HIF-1. This
discovery may provide new therapeutic indications for RIII.

Materials And Methods

Animals
Eight-week-old male C57BL/6 mice were purchased from Navy Medical University (Shanghai, China). All
protocols were approved by the Navy Medical University (Shanghai, China), in accordance with the U.S.
National Institute of Health Guide for Care and Use of Laboratory Animals (NIH Publication No.96 − 01).

Establishment of Radiation-Induced intestinal Injury Model
of Mice
The mice were immobilized in a circumscribed box in which only the abdomen of mice was exposed to
radiation. The other parts of the box were shielded with lead. The abdomen of mice was radiated with a
total dose of 25 Gy at the rate of 1 Gy/min. The radiation source was γ ray 60Co from the Radiation
Center (Faculty of Naval Medicine, Navy Medical University).

Cell Culture
Modek cells were obtained from American Type Culture Collection (ATCC, Gaithersburg, MD), and
maintained in RPMI Medium Modi�ed (HyClone) with 10% fetal bovine serum (gibco) and 1% penicillin-
streptomycin-glutamine (gibco) at 37℃ in a 5% CO2 humidi�ed chamber.

Intestinal Organoid Culture
After the mice were sacri�ced by cervical dislocation, and then disinfected with 75% alcohol, and the
abdominal cavity was opened to extract the small intestine tissue of the mouse. Subsequently, the
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intestinal segment is settled by gravity. After the crypts are separated and plated, the culture plate is
preheated, and then the appropriate amount of crypts that have been separated is resuspended at a ratio
of 1:1 medium (STEMCELL): Matrigel (Corning), and then plated for organoid culture. At designed time
points, the morphology of intestinal organoid was observed.

Histopathology and Immunohistochemistry and
Immuno�uorescence
The intestinal was primarily �xed with 10% neutral buffered formalin for 24 h. The tissues were para�n-
embedded and sectioned at an average of 5 um. These sections were then stained with hematoxylin and
eosin(H&E), and the common pathological morphology was observed. The sections were de-waxed,
rehydrated, and incubated in0.3% H2O, to block endogenous peroxidase. Covered antibodies included
BRDU (1/200), HIF1(Abcam,1/200), HIF2(Abcam,1/200), OLFM4(Abcam,1/200), Wnt3a(Abcam,1/500),
Axin(Abcam,1/500).

Fluorescence in situ hybridization
After para�n sections are dewaxed, they are sequentially washed with xylene and different
concentrations of alcohol, and then protease is added dropwise for digestion. Subsequent hybridization.
After washing with water, DAPI staining solution was added dropwise. After washing, the slides were
counted and images were acquired using a �uorescence microscope.

Radiations
Radiations were performed using a 60Co source at the Radiation Center (Faculty of Naval Medicine, Naval
Medical University, China). The mice received abdominal radiation of 25 Gy at a dose rate of 1 Gy/min,
and Modek cells were radiated with the designated dose.

Western Blot Analysis
After treatment, Modek cells were collected, resuspended in PBS, and washed three times. They were
collected in extraction buffer(1%TritonTM X-100,0.5% sodium deoxycholate,20 mM Tris-HCl, pH
7.5,12 mM glycerophosphate,150 mM NaCl,5 mM EGTA,10 mM NaF,3 mM dithiothreitol,1 mM sodium
orthovanadate,1 mM phenyl-methylsulfonyl �uoride and 20 g/ml aprotinin) and incubated on ice three
times for 10 min. The lysate was centrifuged (12,000 g for 15 min at 4℃) to obtain the supernatant
containing the protein. After the mice were treated accordingly, the mice were sacri�ced by cervical
dislocation and the intestinal tissues were extracted. After washing the intestinal tissue three times with
PBS, an appropriate amount of protein lysate was added, and then homogenized with a homogenizer,
followed by crushing with an ultrasonic breaker. Centrifuge at 14000 g with a high-speed centrifuge, take
the protein supernatant and add a certain loading buffer, and then 100 ° C for 10 min.

Equal amounts of proteins were separated on a 10% SDS-PAGE gel and transferred to nitrocellulose
membranes. Then, 5% low-fat milk was used to block the membranes for 2 h, and then the membranes
were washed with TBST three times for 10 min. The membranes were probed overnight at 4℃ with
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antibodies recognizing the following antigens: HIF1α(abcam,1/1000), HIF2α (abcam,1/1000), GAPDH
(CST,1/1000). After washing three times with TBST, the corresponding secondary antibody was incubated
for 2 hours at room temperature. After TBST was washed 3 times, it was processed on a gel imager
(Gene) using an HRP developing solution (thermo).

Statistical analysis
All experimental data in this study were statistically and analyzed using SPSS19.0. Two independent
samples were compared using the t test, and multiple groups were compared using ANOVA. P < 0.05
indicates statistical difference; correlation analysis uses rank sum test, P < 0.05 indicates statistical
difference.

Results

FG4592 up-regulates the expression of HIF-1α and HIF-2α in
mouse intestinal tissue
Firstly, the effect of FG4592 on the expression of HIF-1 and HIF-2 was investigated. FG4592 (25 mg/kg)
was intraperitoneal injected and then the small intestine tissue and colon tissue were taken to extract
proteins at 2, 4, 6, 10, 24, and 48 hours after administration. The expressions of HIF-1α and HIF-2α were
detected by Western blot. The results showed that after intraperitoneal application of FG4592, HIF-1α and
HIF-2α were up-regulated over time in small intestine (Fig. 1A) and colon tissues (Fig. 1B). However, the
expression of HIF-2α was elevated in advance and more obviously than HIF-1α, no matter in small
intestine or colon tissues. Further, the results of immunohistochemical also proved that FG4592 could up-
regulate the expression HIF-1α (Fig. 1C, D) and HIF-2α (Fig. 1E, F) in small intestine, among which HIF-2α
reach higher fold of change.

Fg4592 Remits Radiation-induced Intestinal Injury Of Mice
Next, we determined the effect of FG4592 on the radiation-induced intestinal injury (RIII). 2 hours before
radiation the mice were intraperitoneal injected with FG4592 (25 mg/kg), and then received abdominal
radiation of 25 Gy. At 1st, 3rd day post-radiation, the small intestine tissues were taken to assess the
degree of injury by H&E staining and evaluate proliferation ability by Brdu immuno�uorescence. Besides,
the Lgr5 + �uorescence assay was also performed to detect the mounts of intestinal stem cells (ISCs). As
a result, upon receiving radiation, the small intestinal was damaged seriously showing that the length of
intestinal villi and the number of crypts decreased, and in�ammatory exudation. However, FG4592
effectively remitted above damages (Fig. 2A, B). The status of intestinal stem cells after radiation has an
important effect on the regeneration of intestinal epithelial cells. Experimental �ndings showed that
FG4592 improved the reduction of Lgr5 + cells due to radiation-induced injury (Fig. 2C, D), suggesting that
FG-4592 may play an important role in promoting intestinal stemness. In addition, we also explored the
effect of FG-4592 on cell proliferation by Brdu immuno�uorescence and found that radiation can inhibit
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the proliferation of intestinal cells. In contrast, FG-4592 could enhance the Brdu immuno�uorescence
compared with radiation alone group (Fig. 2E, F).

FG4592 promotes the regeneration and differentiation of intestinal stem cells by activating Wnt/β-catenin
pathway.

In previous studies, we found that FG4592 can promote the regeneration of epithelial cells after intestinal
radiation in mice, reduce the damage of intestinal crypts, and increase the number of Lgr5 + cells,
suggesting that FG4592 may has a promoting effect on ISCs. Herein, to further verify this effect, the
small intestine organoid culture technology, an important evaluation methodology for proliferation ability
of ISCs, was applied. Mice were intraperitoneally injected with FG-4592 in advance (25 mg/kg) and then
received 25 Gy abdominal radiation. 24 hours later, the small intestine crypts were extracted for organoid
culture. With culture for 5 days, the morphology of organoid could be observed, and their proliferation
abilities were also determined by Edu assay and OLFM4 immuno�uorescence staining. The results
showed that radiation resulted in decreased surface area and budding rate of intestinal organoids,
indicating a suppressive effect on ISCs. However, FG4592 increased the surface area and budding rate
post-radiation (Fig. 3A, G). In addition, FG-4592 also elevated the positive rate of Brdu (Fig. 3C, I) and
OLFM4 (Fig. 3B, H) �uorescence staining compared with radiation alone group. Except experiments in
vivo, we also conducted direct observation of small intestine organoid in vitro. The small intestinal
organoids were cultured in advance with or without FG4592, and then received 7 Gy radiation. 3 days
later, the morphology of organoid was observed and �uorescence intensity of Brdu and OLFM4 staining
were measured. In consistent with results in vivo, FG4592 also increased the surface area and budding
rate of organoids (Fig. 3D, J) and raised the �uorescence intensity of Brdu (Fig. 3F, L) and OLFM4 (Fig. 3E,
K) staining after radiation.

For small ISCs, the Wnt/β-catenin pathway play a critical role in the maintenance of stemness and
promotion of proliferation. Therefore, the effect of FG4592 on the Wnt/β-catenin pathway was also
investigated. Treated with FG4592(10 µM) small intestinal organoids were then collected to examine the
expression of Wnt3a, Axin and β-catenin at different time points. The results demonstrated that FG4592
could directly activate Wnt/β-catenin pathway in a time-dependent manner, in which Wnt3a expressed the
highest fold change (Fig. 3M).

Above results indicated that FG4592 could alleviate the inhibition of ISCs from radiation and promote
their regeneration by activating Wnt/β-catenin pathway.

FG4592 protects against radiation-induced intestinal injury by up-regulating HIF-2 rather than HIF-1

As an inhibitor of PHD, FG4592 could up-regulate the expression of HIF. Since the promoting effect of
FG4592 on ISCs was con�rmed, we then subsequently investigated if HIF was involved and which
subtypes of HIF was decisive. Small intestinal organoids were treated with FG-4592 for 2 hours, and
simultaneously the HIF-1 inhibitor, 2-Methoxyestradiol (2-MeOE2) and HIF-2 inhibitor, PT2385 were added.
After exposure to 7 Gy radiation, the morphology of small intestinal organoids was observed. As a result,
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the protective effect of FG4592 on the small intestinal organoids were inhibited by PT2385 rather than 2-
MeOE2 (Fig. 4A, B), indicating HIF-2 may be decisive. Further investigation to the activation of Wnt/β-
catenin pathway also veri�ed that PT2385 rather than 2-MeOE2 could signi�cantly block the up-
regulation of Wnt3a and Axin that were induced by FG4592 (Fig. 4C).

Fg4592 Reduces Damage Of Intestinal Epithelial Cells From
Radiation
Above results have con�rmed the protective effect of FG4592 on ISCs. In general, the main causes to
radiation-induced intestinal injury rest on inhibition of ISCs and injury of intestinal epithelial cells (IECs).
So, we further investigated the effect of FG4592 on the IECs. In this study, the Modek cell, a small
intestinal epithelial cell line of mice was utilized. Pretreated with FG4592, Modek was radiated, and then
the cell viability, apoptosis and proliferation were detected. As a result, radiation decreased cell viability,
induced apoptosis, led to G2/M phase arrest of cell cycle and inhibited proliferation. In comparison, FG-
4592 pretreatment could obviously increase cell viability (Fig. 5A), reduce apoptosis (Fig. 5B, C), alleviate
cell cycle arrest (Fig. 5D, E) and promote proliferation (Fig. 5F, G) in Modek post-radiation. These results
indicated that besides promoting regeneration and proliferation of ISC, FG4592 also directly remitted
damage of intestinal epithelial cells induced by radiation.

Discussion
Ionizing radiation has virtual clinical signi�cance for the treatment of abdominal malignant tumors.
During radiotherapy, the toxicity of ionizing radiation to healthy tissues is still the main side effect that
limits its clinical application [15]. Radiation-induced intestinal injury causes intestinal epithelial damage,
destruction of the mucosal barrier, and mucosal in�ammation in the early stage [16]. Hypoxia-inducible
factors (HIF) are important regulators of maintaining intestinal homeostasis. HIF participates in the
regulation of many target genes, and then exerts a variety of biological effects. Virtually, FG4592 is a
proline hydroxylase inhibitor that mediates the regulation of HIF metabolism [17]. Sun [18] found that up-
regulating HIF expression in the intestine can reduce intestinal damage induced by ionizing radiation. At
the same time, after conditionally knocking out the expression of HIF in the intestine of mice, the
radiation damage of the intestine of the mice is further aggravated. Intestinal Epithelial Cells-Derived
Hypoxia-Inducible Factor-1α Is Essential for the Homeostasis of Intestinal Intraepithelial Lymphocytes.
The research of HIF in the �eld of radiation is not limited to radiation-induced intestinal injury. Its research
also involves radiation lung injury and tumor radiotherapy sensitization. However, the mechanism of
action of HIF on radiation intestinal injury has not been fully elucidated. Taniguchi CM [19] found that
DMOG mediates HIF2α to produce radiation protection for ISC, which further suggests that HIF may have
a certain regulatory effect on ISC after radiation.

To verify the effect of FG4592 on the intestine after radiation, in our experimental research, �rst of all, we
found that there were different expressions of HIF1α and HIF2α in the small intestine and colon of mice
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after FG4592 administration. We speculated that it was due to the difference in the absorption capacity
of HIF1α/ 2α in the colon and small intestine. Subsequently, the effect of FG4592 on radiation-induced
intestinal injury was tested. Our data found that FG4592 ameliorated the degree of intestinal injury in the
small intestine of mice after radiation. It is particularly worth noting that FG4592 could up-regulate the
expression of Lgr5 + intestinal stem cells after irradiation. This led to the restoration of intestinal
epithelial proliferation ability, which was vital for intestinal injury repair. Therefore, we further used
intestinal organoid culture technology as a support to further explore the effect of FG4592 on ISCs. We
found that, whether in vivo or in vitro, FG4592 could promote budding of intestinal organoids, which
promoted ISC survival after radiation. OLFM4 is an important indicator of Lgr5 + ISC. Detection of OLFM4
immuno�uorescence revealed that ionizing radiation had a signi�cant inhibitory effect on Lgr5 + ISC, and
FG4592 could signi�cantly alleviate the suppression of OLFM4 after radiation. Lgr5 + ISC has an
important effect on the self-proliferation of intestinal stem cells. Our data found that the increased
expression of Lgr5 + after radiation can signi�cantly promote the proliferation of intestinal organoids,
thereby promoting the �lling of intestinal crypts by ISC and the differentiation of ISC into cells of
intestinal tissues. To further identify whether FG4592 exerts radiation biological effects through HIF1α or
HIF2α. We then used HIF1 and HIF2 inhibitors 2-MeOE2 (HIF1α inhibitors) and PT2385 (HIF2α inhibitors)
to clarify. Our experimental data found that after applying HIF1α inhibitor (2-MeOE2), it was found that
the damage to intestinal organoids was not aggravated, but PT2385 (HIF2α inhibitor) could signi�cantly
further aggravate the suppression of intestinal organogenesis by radiation. It showed that FG4592 may
play a radiation protection effect on ISC through HIF2α. The evidence found that stimulating HIF2α can
promote the self-proliferation of liver cells. Hypoxia-inducible factor 2 alpha is essential for hepatic
outgrowth and functions via the regulation of leg1 transcription in the zebra�sh embryo [20]. More
research showed that HIF plays an important role in the mobilization of mesenchymal stem cells.
Dimethyloxalyl Glycine Regulates the HIF-1 Signaling Pathway in Mesenchymal Stem Cells.[21] Inhibiting
the expression of HIF2α aggravated the damage of radiation to ISCs, which may be related to the
suppression of the Wnt pathway after irradiation, but the inhibition of HIF1α did not show the effect of
aggravating ISC damage. At present, there is little article on HIF2α in radiation intestinal injury, therefore
its speci�c mechanism of action needs to be further studied. Intestinal epithelial cells are important part
of the intestinal mucosal barrier. In order to further explore the effect of FG4592 on the radiation
sensitivity of intestinal epithelial cells, we used Modek cells as the research object and found that
FG4592 could signi�cantly increase the viability of Modek cells after radiation, reduce radiation-induced
apoptosis, and alleviate radiation-induced G2M phase block of Modek, which make the cells pass the
cycle checkpoint, and then reduced the inhibition of ionizing radiation on the proliferation of Modek cells.
Therefore, FG4592 could signi�cantly reduce the radiation sensitivity of Modek cells and mediate its anti-
damage effect and proliferation repair effect during radiation. It further improved radiation-induced
disturbances of the upper intestinal barrier.

In conclusion, our study demonstrated for the �rst time, that FG4592 could protect ISCs from radiation to
remit radiation-induced intestinal damage, which was mediated by HIF-2 rather than HIF-1 (Fig. 6).
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Figure 1
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FG4592 up-regulates the expression of HIF-1α and HIF-2α in mouse intestinal tissue. Mice were
intraperitoneal injected with FG4592 at 25mg/kg, and then small intestine and colon tissue were taken to
extracted proteins at 2h, 4h, 6h, 10h, 24h, and 48h. By Western Blot experiments, the expression of HIF-1α,
HIF-2α in small intestine (A), and colon tissue (B) were detected. 2 hours after intraperitoneal injected with
FG4592, the small intestine tissues of mice were collected to perform immunohistochemistry, by which
the HIF-1α (C) and HIF-2α (E) were stained. (D) and (F) were quanti�cation for the expression of HIF-1α
and HIF-2α respectively. The statistical results are expressed by Mean±SD. * represents p <0.05, ***
represents p <0.001.

Figure 2

FG4592 remits radiation-induced intestinal injury of mice. 2 hours before radiation the mice were
intraperitoneal injected with FG4592 (25mg/kg), and then received abdominal radiation of 25Gy. At day
day1 and day3 the small intestine tissues were taken to perform H&E staining (A), with which the length
of intestinal villi and the number of crypts were also quanti�ed (B). The Lgr5+ �uorescence staining was
used to assess the amount of intestinal stem cells (C), and Brdu �uorescence staining could determine
the proliferation of intestinal epithelial cell (E). (D) and (F) were quanti�cations for Lgr5+ �uorescence
and Brdu �uorescence, respectively. The statistical results are expressed by Mean±SD. ** represents p
<0.01, *** represents p <0.001.
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Figure 3

FG4592 promotes the regeneration and differentiation of intestinal stem cells by activating Wnt/β-catenin
pathway. Experiments in vivo: Mice were given 25mg/kg of FG4592 by intraperitoneal injection and then
received 25Gy abdominal radiation (1Gy/min). 24 hours after radiation, the small intestinal crypts were
extracted to culture organoids. 5 days later, the morphology of organoid was observed (A) and OLFM
staining were conducted to mark small intestinal stem cells (B). Simultaneous Brdu assay was used to
test the proliferation ability of organoids (C). The amounts of organoids were calculated (G). (H) and (I)
were the quanti�cation for OLFM staining and Brdu assay, respectively. Experiments in vitro: The
intestinal organoids were cultured with or without FG4592 (10μM), and then were radiated (7Gy). 3 days
later, the morphology of organoid was observed (D), amounts of organoids were calculated (J), and
�uorescence intensity of OLFM staining (E, K) and Brdu (F, L) were tested. Moreover, at different time
points (6, 8, 12, 24h) after FG4592 (10μM) treatment, the expression of Wnt3a, Axin and β-catenin were
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detected by Western blotting (M). The statistical results are expressed by Mean±SD. * represents p <0.05,
** represents p <0.01, ***represents p <0.001.

Figure 4

FG4592 protects against radiation-induced intestinal injury by up-regulating HIF-2 rather than HIF-1.
Small intestinal organoids were treated with FG4592 for 2 hours, and simultaneously the HIF-1 inhibitor,
2-Methoxyestradiol (2-MeOE2) and HIF-2 inhibitor, PT2385 were added. 3 days after receiving 7Gy
radiation, the morphology of organoids was observed (A) and amounts were calculated (B).
Simultaneously the proteins of organoids were extracted to detect the expression of Wnt3a and Axin by
Western Blotting (C). The statistical results are expressed by Mean±SD. * represents p <0.05, ** represents
p <0.01, ***represents p <0.001.
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Figure 5

FG4592 reduces damage of intestinal epithelial cells from radiation. Modek cells were pretreat with or
without FG4592 (10μM), and then received 12Gy radiation. 24 hours later, the cell viability was detected
by CCK-8 assay (A). By �ow cytometry the apoptosis was determined at 48 hours (B, C) and cell cycle
was tested at 8 hours (D, E) post-radiation. Brdu assay was used to assess proliferation of Modek. 48
hours after radiation, the immuno�uorescence of Brdu was examined by �ow cytometry (F) and
�uorescence intensity was quantitated (G). The statistical results are expressed by Mean±SD. *
represents p <0.05, ** represents p <0.01.
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Figure 6

FG4592 reduces damage of intestinal epithelial cells from radiation. Modek cells were pretreat with or
without FG4592 (10μM), and then received 12Gy radiation. 24 hours later, the cell viability was detected
by CCK-8 assay (A). By �ow cytometry the apoptosis was determined at 48 hours (B, C) and cell cycle
was tested at 8 hours (D, E) post-radiation. Brdu assay was used to assess proliferation of Modek. 48
hours after radiation, the immuno�uorescence of Brdu was examined by �ow cytometry (F) and
�uorescence intensity was quantitated (G). The statistical results are expressed by Mean±SD. *
represents p <0.05, ** represents p <0.01.


