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Use of GADD45A and CDKN1A Gene Expression Changes as Biomarker in
Assessment of DNA Damage for lonizing Radiation Exposure
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Abstract

The present study aims to determination of GADD45 and CDKNZ1A expression genes as a biomarkers
for ionizing radiation in white mice Mus musculus Balb/C by using the real-time quantitative PCR assay.
Seventy- two white mice (36 males and 36 females) were divided into two groups; their whole body was
exposed to 5 cGy and 100 cGy of X-ray radiation at a dose rate of 200 cGy/min, in addition to the
control group. Total RNA was isolated using Trizol method from liver samples of mice after 6, 48 hours
and 10 days of exposure to radiation as well as of the control group. Complementary DNA was used in
amplification of genes used in the present study, two types of primers pairs were selected for the genes
amplification Growth arrest and DNA-damage inducible A (GADD45A) and Cyclin-dependent kinase
inhibitor 1A (CDKN1A), which have a relation with ionizing radiation in addition to the primers for
internal control (B-actin) gene. The size amplified product were 95 bp and 162 bp nitrogen-base pair for
GADD45A and CDKNI1A genes, respectively. The existence of significant elevation p <0.05 in the
amount of gene expression of the GADD45A gene in samples of mice liver exposed to doses 5 cGy and
100 cGy after 6 hours of exposure to radiation. It was found that this gene having up-regulation level
after 6 hours in the liver of mice exposed to these doses in comparison with the control group. The
presence of a significant reduction (p <0.05) in the amount of gene expression of the CDKNZ1A gene in
samples of mice liver exposed to doses 5 cGy and 100 cGy after 6 hours of exposure to radiation and this
reduction continued after 24 hours and 10 days. Moreover, it was found that this gene had a down-
regulation level after 6 hours in the liver of mice exposed to these doses in comparison with the control
group. The organizational level in the high dose of 100 cGy is higher than that at the low dose 5 cGy. In
conclusion, the results indicated that there is a possibility of using the changes in the level of GADD45A
and CDKNL1A genes expression as useful biomarkers in assessment of DNA damage for low and high
radiation exposure.
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Introduction

Exposure to ionizing radiation (IR) produces several forms of cellular DNA damage, including single-strand
breaks and double-strand breaks [1, 2]. Thus X-rays can cause DNA and protein damage which may result in
organelle failure, block cell division, or cause cell death [3]. Changes in gene expression can affect both the
response of cells to radiation exposure, and influence how cells respond to subsequent stimuli [4]. The
examination of gene expression after ionizing radiation exposure could serve as a potential molecular marker
for biodosimetry. Microarray based studies are identifying new radiation responsive genes that could
potentially be used as biomarkers of human exposure to radiation after an accident [5]. Several studies have
also shown that gene expression, including expression of many cell cycle—regulated genes, is markedly
affected by ionizing radiation, the transcriptional regulation of cell cycle-regulated genes may be closely
related to checkpoint functions upon DNA damage. Changes in gene expression may be a mechanism for
initiation of cell cycle arrest or a consequence of cell synchronization [6,7, 8,9].

P53 regulates the expression of various genes involved in DNA repair, cell cycle progression, and cell death
and coordinates these pathways to determine cell fate. Some well-characterized targets of p53 include
Growth arrest and DNA-damage-inducible 45A [10]. The expression of GADD45A and CDKN1A are
controlled by the tumor suppressor protein p53, through which this protein mediates the p53-dependent cell
cycle G1 phase arrest in response to a variety of stress stimuli [11,12]. The gene expression changes in the
radiation biomarker targets CDKN1A, BAX, GADD45A, XRCC4 and DDB2 genes over several days across
a broad dose range in both in vivo and ex vivo irradiated human peripheral blood lymphocytes and measured
using a quantitative reverse transcriptase polymerase chain reaction assay in whole blood model [13,14,15].
The aims of the present study to assess the effect of ionizing radiation on the expression of GADD45A and
CDKN1A genes and using the gene expression to the identification of possible candidate as biomarker for
whole body radiation exposure.

Materials and Methods

Experimental Animals

During September 2007- May 2008 the seventy - two males and females mice Mus musculus were used in
the present study, weighting 30-40 gm, ages 4-6 weeks. They were purchased from Lab house of College of
Animal Science and Veterinary Medicine, Huazhong Agriculture University, China. Mice were housed in an
environmentally room temperature with food and water.

Irradiated Animals

The mice were divided into 2 groups contain 48 mice (24 males and 24 females) and control contains 24
mice (12 males and 12 females): Group (A): included 24 mice (12 males and 12 females), it was exposed to
low dose of X-ray 5 cGy. Group (B): included 24 mice (12 males and 12 females), it was exposed to high
dose of X-ray 100 cGy. Group (C): included 24 mice were used a controls without irradiation. Group (A)
was divided into 3 subgroups. Subgroup (Al): included 8 (4 males and 4 females) mice, the liver was
collected after 6 hr of post—irradiation with control group 8 mice (4 males and 4 females). (A2): included 8 (4
males and 4 females) mice, the liver was collected Subgroup after 48 hr of post-irradiation with control
group 8 mice (4 males and 4 females). Subgroup (A3): included 8 (4 males and 4 females) mice, the liver was
collected after 10 days of post—irradiation with control group 8 mice (4 males and 4 females).
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Group (B) was divided into 3 subgroup: Subgroup (B1): included 8 (4 males and 4 females) mice, the liver
was collected after 6 hr of post-irradiation with control group 8 mice (4 males and 4 females). Subgroup
(B2): included 8 (4 males and 4 females) mice, the liver was collected after 48hr of post—irradiation with
control group 8 mice (4 males and 4 females). Subgroup (B3): included 8 (4 males and 4 females) mice, the
liver was collected after 10 days of post—irradiation with control group 8 mice (4 males and 4 females). The
whole body of mice was irradiated by X-ray (6 kV, 15.5 mA) in Hubei Province Cancer Hospital (Wuhan,
China), with an X-ray machine type primus (seminus Co. Ltd., Germany). The dose rate was 200 cGy/ min.
Gene expression

Fresh liver was used for RNA isolation directly after collection. TRIzol (Invitrogen, U.S.A) was used for
RNA extraction according to manufacturer’s instructions. RNA integrity and concentration were evaluated
by agarose gel electrophoresis and DU 640 Nucleic Acid and Protein Analyzer (BACKMAN, U.S.A)
respectively. A total of 2 pg RNA was used for reverse transcription (RT) with the TransSript First-Strand
cDNA Synthesis Super Mix according to the manufacturer’s instructions (Beijing TransGen Biotech Co.,
Ltd., China). All primers were designed by the program Primer and synthesized by the commercial company
(Invitrogen). The total volume of PCR reactions was 25 pL containing 2.5 pulL 10xTaq buffer, 1.25 U Taq
DNA polymerase, 5mM dNTPs, 50 pmol of each primer and 100ng of template DNA, 1.25 U Tag DNA
polymerase, 5mM dNTPs, 50 pmol of each primer and 100ng of template DNA. PCR reactions were
performed on the Mastercycler gradient (eppendorf). PCR thermol program were: 94°C, 5min; 38cycles of 30
sat 94°C, 30 s at each Ta (C)° as appropriate (Table 1), and many seconds as appropriate (60 s/kb) at 72°C;
and 72°C for 10 min. The PCR product was analyzed by 1.5% agarose gel electrophoresis and one band was
obtained. All solution use in this study manufacturer’s instructions from TaKaRa .

Table (1): Primers sequence and molecular weight used for QPCR validation and additional expression profiling

Gene . ' ar Targetsize Ta
Symbol Primer sequence (5'-3') bp o

Forward: CAGAGCAGAAGACCGAAAG
GADD45A  peverse: CACGCCGACCGTAATG % 56

Forward:AGGCACCATGTCCAATCC
CDKNIA Reverse: AAGTCAAAGTTCCACCGTTCT 162 56

Houseke:*epln Forward: CAGCCTTCCTTCTTGGGTAT 100 o
ﬁfﬁﬁ;ﬁﬂ Reverse: TGGCATAGAGGTCTTTACGG

* B-actin was used as loading internal control

QPCR was performed using the IQ™S5 Real Time PCR Detection System (Bio-Rad) using SYBR® Green
Realtime PCR Master Mix (TOYOBO CO., LTD, Japan) as the readout. The QRT-PCR amplification
conditions were: 95°C, 3min ; 95°C, 30 sec, 55-60°C as appropriate, 30 sec and 72°C, 15 sec for 40 cycles.
Melt curves were obtained by increasing the temperature from 56°C to 95°C at 0.5°C/sec for 10 sec, then
cooling at 25°C for 30 sec. Each primer set amplified a single product as indicated by a single peak present
for each gene during melting curve analyses.

Data Analysis and Statistics

The relative quantitative gene expression level was evaluated using the AACt comparative Ct method. The
ACt values were calculated by subtracting the RPL32 Ct value for each sample from the target Ct value of
that sample. Fold inductions were calculated using the formula 2 (AACt), ACt=cycle of threshold, ACt=Ct
(housekeeping gene)-Ct (target gene), AACt=ACt (treated) — ACt (control). Quality of the PCR product was
monitored using post-PCR melt curve analysis. The data thus generated can be analyzed by computer
software to calculate relative gene expression in samples. A one sample T-test was used to statistically
analyze the difference of the derived expression ratios of irradiated versus non-irradiated samples [16].
Results

The amounts of total RNA isolated in this study were ranged between 4.15-12.86, 4.05-11.56 and 4.45-
10.43ug per 100 mg mice liver at 6 hr, 48 hr and 10 days, respectively after exposure to 5 cGy irradiation
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when compared with the control 4.82-12.66 pg per 100 mg mice liver. Whereas the amounts of RNA were
3.77-13.05, 4.60-9.15 and 4.90-11.75 pg per100 mg mice liver at 6 hr, 48 hr and 10 days, respectively after
exposure to 100 cGy irradiation when compared with the control 4.52- 13.46 pg. Figure (1) illustrates the
electrophoretic experiment of the present study in which the integrity of the RNA is evident on 1% agarose
gel electrophoresis where 28s, 18s and 5s bands are clearly visible, no extra fragments have been observed,
and there have been no signs of genomic DNA contamination. As a result, it was judged that most samples
were indeed composed of intact RNA and appeared to be comparable in quality. RNA was isolated and
reverse transcribed into cDNA by using an anchored oligodT primer and subsequently amplified by PCR. The
PCR products were analyzed on 1.5% agarose gel electrophoresis to detect the absence and presence of band
patterns. The amplified cDNA with B-actin gene was 100 bp in length of all mice liver samples in this study.
These results have also shown that there was a single pattern DNA band was clearly visible in each samples,
which indicate the DNA and mRNA were undegraded and no primer-dimer formation. In all successful PCR
reactions, the B-actin product 100 bp molecular weight was observed, this considered as a mandatory sign of
successful RT reaction upon gel electrophoresis, and its band was located in 100 bp ladder DNA marker that
composed of 2000 bp Figure (2).
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Fig. (1): Agarose gel electrophoresis 1% of mice liver RNA. Lanes :1- 10 represent partial liver samples
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Fig. (2): The size of amplified product of Housckeeping (B-actin) genes by 1.5% agarose gel electrophoresis. The
lanes:1-16 represent partial liver samples, M: marker DNA ladder 2000 bp.

A pre-experiment for QRT-PCR, in the present study, showed that the amplified cDNA with B-actin primer
gene was 100 bp in length of all mice liver samples Figure (3).The presence of GADD45A and CDKN1A
primer gene was identified, the molecular weight was 95 bp and 162 bp, respectively. These results also
showed that a single DNA band was clearly visible in each sample, which indicate no primer-dimer formation
Figure (3 and 4). Also, as shown in figure (5), the Melt peak chart of these genes in the mice liver after 5 cGy
and 100 cGy of whole body x-ray irradiation. Melt curves were obtained by increasing the temperature from
56°C to 95°C at 0.5°C/sec for 10 sec, then cooling at 25°C for 30 sec. Each primer set amplified a single
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product as indicated by a single peak present for each gene during melting curve analyses.
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Fig. (3): The size of amplified product of GADD45A gene by 1.5% agarose gel electrophoresis. Lanes 1-8
represent partial liver samples ,M: marker DNA ladder 2000 bp
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Fig. (4): The size of amplified product of CDKN1A gene by 1.5% agarose gel electrophoresis. Lanes 1-12 represent
partial liver samples, M: marker DNA ladder 2000 bp
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Fig. (5): Melt peak of GADD45A( A,B) and CDKN1A( C,D) expression in mice liver at 0 hr, 6 hr, 48 hr and 10
days after 5 cGy(A,C) and100 cGy (B,D) of whole body X-ray irradiation. Expression levels of -actin are used as
the internal control.

The quantitative determination of gene expression biomarkers in mice liver was performed by using Real-
time PCR and B-actin was used as loading controls. The results showed that the relative quantitative gene
expression level for three genes GADDA45A and CDKN1A in the liver of mice at O hr (control), 6 hr, 48 hr
and 10 days after 5 cGy and 100 cGy of whole body X-ray irradiation, which was evaluated using the AACt
comparative Ct method Table (2). The quantitative of GADD45A gene expression levels were 59.34, 4.68,
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1.09, and 23.72 at 6 hr, 48 hr and 10 days after 5 cGy whole body radiation exposure in mice liver and
control respectively. Whereas, the quantitative expression level of this gene was 13.20, 6.17, 3.47 and 5.70 at
6 hr, 48 hr and 10 days after 100 cGy whole body radiation exposure in mice liver and control respectively. A
significant increase (p<0.05) was observed after the 6 hr of radiation in quantitative gene expression level,
compared with 48 hr, 10 days and normal non irradiated controls Table (2). Also, the quantitative of
CDKNL1A gene expression level was 22.83, 1.59, 0.67, and 29.42 at 6 hr, 48 hr and 10 days after 5 cGy
whole body radiation exposure in mice liver and control, respectively. Whereas, the quantitative expression
level of this gene was 14.0, 3.89, 1.24 and 30.66 at 6 hr, 48 hr and 10 days after 100

cGy whole body radiation exposure in mice liver and control, respectively. A significant decrease (p < 0.05)
was observed at 6 hr, 48 hr and 10 days after 5 cGy and 100 cGy of radiation in quantitative gene expression
level, as compared with normal non-irradiated controls Table (2).

Table (2): Relative quantitative gene expression levels for GADD45A and CDKNI1A in the liver of mice after 5 cGy
and 100 cGy of whole body X-ray irradiation using ACt method.

Low dose 5 cGy High dose 100 cGy
Exposure quantitative quantitative quantitative quantitative
timesfor  GADDA45A CDKN1A GADD45A CDKN1A
X-Rays expression expression expression expression

0 hr 23.72B 2942 A 570B 30.66 A
6 hr 59.34*B 22.83 NS 13.20 *B 14.00 *A
48 hr 4.68** 1.59 *A 6.17 NS 3.89 *A
10 days 1.09** 0.67 *A 3.47 NS 1.24 *A

*A( GADDA45A) significant diff.(P<0.05) liver 5 cGy and 100 cGy, Compared with the control; *B (
CDKNZ1A) significant diff.(P<0.05) liver 5 cGy and 100 cGy, Compared with the control; NS= non
significant;** significant diff.

The RT-PCR analysis indicated that the fold expression of GADD45A gene increased significantly (p<0.05).
This was observed at 6 hr after 5 cGy and 100 cGy (32. 88- and 48.13- fold, respectively) in liver of
irradiated mice, compared with 48 hr, 10 days and normal non irradiated controls. The increase in GADD45A
MRNA in liver cell after 100 cGy was higher than that in any cell after 5 cGy Table (3). In this study, the
detection of the radiation-responsive CDKN1A performed after whole body radiation of 5 cGy to the liver of
mice, the real time -PCR analysis showed that the normalized fold expression of these genes which decreased
after 6 hr of radiation and continued to decrease at 48 hr and 10 days. A significant decrease (p < 0.05) was
observed after the 6 hr, 48 hr and 10 days of radiation (13.02-, 2.22-, and 1.00- fold decrease, respectively) in
MRNA expression of whole body irradiation, compared with normal non-irradiated controls Table (3). The
analysis of expression by real-time PCR in the mice liver also showed significant decreases ( p < 0.05) in
normalized fold expression of the CDKN1A gene at 6 hr, 48 hr and 10 days afterl00 cGy whole body
irradiation (2.89-, 1.87- and 1.00- fold decrease, respectively) Table (3).
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Table (3): Fold expression levels for GADD45A and CDKNZ1A gene in the liver of mice after 5 cGy and 100
cGy of whole body X-ray irradiation.

Low dose 5 cGy

High dose 100 cGy

Type of Exposure
gene times for fold ex fr(()el'sc;ion Mean  Ct fold ex frcélsdsion Mean i sp
X-Rays  gypression pSD Ct SD  expression pSD Ct
0hr 15.29 a 12.40 23.67 081 4.07 A 2.87 19.74 0.68
6 hr 32.88*a 42.33 2360 1.74 48.13*A 81.34 20.06 2.30
GADD45A 48 hr 2.88 2.67 25.72 0.80 5.45NS 6.32 19.37 1.55
10 days
1.00 0.79 2482 1.02 1.00 0.81 20.03 0.95
0hr 46.60 b 18.25 20.78 043 6.12B 2.77 20.4 0.45
6 hr 13.02 *b 13.15 21.09 044 2.89 *B 1.49 21.1 0.57
CDKNI1A 48 hr 2.22*b 111 21.32 0.37 1.87 *B 1.23 21.3 0.82
10 days 1.00 *b 0.35 21.12 046 1.00 *B 0.36 20.62 0.48

*a (GADD45A) significant diff. (P<0.05) liver 5 cGy Compared with the control (a); *A (GADDA45A) significant
liver 100 cGy, Compared with the control (A).*b (CDKNZ1A) significant diff. (P<0.05) liver 5 cGy,
Compared with the control (b); *B (CDKN1A) significant diff. (P<0.05) liver 100 cGy, Compared with the control

diff. (P<0.05)

(B).Ct=Cycle threshold, SD=Standard error.
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Fig. (6): QRT-PCR graphs showing the relative fold expression levels for GADDA45A gene in the liver of mice after
5 cGy (right) and100 cGy (left) of whole body X-ray irradiation.

Also, as shown in Figure (6), the expression of GADDA45A gene was up-regulated at the 6 hr after 5 cGy and
100 cGy in liver of irradiated mice, compared with 48 hr, 10 days and normal non- irradiated controls.
Whereas, the expression of CDKN1A gene has been found to be down regulated at 6 hr, 48 hr and 10 days
after 5 cGy and 100 cGy whole body radiation exposures in mice liver Figure (7).
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Fig. (7): QRT-PCR graphs showing the relative fold expression levels for CDKN1A gene in the liver of mice
after 5 cGy (right) and100 cGy (left) of whole body X-ray irradiation.

Discussion

Total RNA has been used as a template for DNA synthesis using reverse transcriptase. Complementary
DNA(cDNA) is DNA synthesized from a mature mRNA template in a reaction catalyzed by the enzyme
reverse transcriptase, CDNA is often used in gene cloning or as gene probes [17]. Real-time RT-PCR using
fluorescence dyes (e.g. SYBR Green 1) is currently the most sensitive and precise method for investigation of
RNA level and has long been widely used for absolute and relative quantification of mRNA in the cell.
Access to RNA requires both cell lysis and inactivation of cellular nucleases during isolation; hence rigorous
denaturing lysis conditions are imperative for obtaining intact RNA [18].

In the present study, the RNA has been isolated from liver with a purity ratio ranging from 1.8 to 2.1 in all
mice groups. However, in few samples the ratios were slightly lower than that rang below 1.8 between 1.78-
1.79. The amount of RNA available for isolation varies with cell types, liver and kidney cells are
metabolically active and produce relatively large amounts of RNA per gram of tissue [19]. The results of the
current study are similar to those reported by [17] in which the 28s to 18s rRNA 2:1 ratios therefore the
(28s:18s) is a good indication of RNA integrity. A pre-experiment for QRT-PCR, in the present study,
showed that the amplified cDNA with -actin primer gene was 100 bp in length of all mice liver samples. The
presence of GADD45A and CDKN1A primer gene was identified the molecular weight was 95 bp and 162
bp, respectively.

The GADD45A gene expression was up-regulated at 6 hr after 5cGy and 100 cGy in liver of irradiated mice,
compared with 48 hr, 10 days and normal non irradiated controls. The up-regulation occurs when a cell is
deficient in some kind of receptor. In this case, more receptor protein is synthesized and transported to the
membrane of the cell [20]. In this study, GADD45A was the highest expression at 6 hr after 5 cGy and 100
cGy of X-ray in liver of irradiated mice. Also, it was found up regulated at the same condition in both mice
liver. Since of this gene can be regulated by p53 in response to ionizing radiation, so it was suggested that a
prominent role for the p53 pathway in the emerging gene expression biomarker signature.

The presence of widely expression levels, GADD45A had the highest expression in liver tissue, which
suggests that GADD45A gene expression may be associated with detoxifying tissues [13,21]. However, DNA
damage and repair defects that lead to increased tumorogenesis involve multiple factors. Defects in p53, p21,
cyclins, or growth suppression genes such as the GADDA45 gene family could be involved [22]. Since the
liver is a very important metabolic organ in humans, hepatocytes are readily damaged by ionizing radiation.
The results of the current study are similar to those reported by [9, 13] in which both GADD45A and
GADDA45B had the highest expression in liver tissue exposure to ionizing radiation.
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The major transcription factor regulating CDKN1A expression is the tumor suppressor protein p53, these
results establish that CDKNZ1A is not necessary for the acute S-phase damage-sensing pathway that functions
to prevent firing of replication origins during S phase. The expression of CDKN1A gene has been found to be
down regulated at 6 hr, 48 hr and 10 days after 5 cGy and 100 cGy whole body radiation exposures in mice
liver. Moreover, the findings of the present study are rather different from those reported previously by[23]
who has showed the fold expression of these genes increased after one day of radiation and continued to
increase after 3 days. Also, the down-regulation is a process resulting in decreased gene and corresponding
protein expression and the expression of the receptor protein is decreased in order to protect the cell [24,25].

The present study has identified candidate biomarkers for radiation exposure that could be detected in liver
samples of whole body mice irradiation. This result is similar to those of [23] in which the identification of
possible candidate biomarkers for local or whole body y- radiation exposure in C57BL/C mice. These
GADDA45A and CDKN1A genes are regulated by p53 in response to ionizing radiation, it was suggested that
a prominent role for the p53 pathway in the emerging gene expression biomarker signature. Moreover, the
findings of the present study are in agreement with those reported previously by [15, 26] who have showed a
slight down regulation after exposure to 5 cGy X-radiation. The comparison of gene expression profiles for
the 5 cGy and 100 cGy ionizing radiation responsive genes revealed pertinent characteristics of the pathways
involved in response to radiation stress. The ionizing radiation responsive genes displayed either an early
response to radiation damage within the first 2h after ionizing radiation exposure or a late response that has
not become apparent until after 6 h or more following ionizing radiation treatment [7,15,27]. The suppression
of CDKN1A has led to dysfunction of damage recognition, cell cycle arrest, and apoptosis initiation, all of
which are important in carcinogenesis[9].

Conclusions

The use of quantitative Real-time QRT-PCR in the study of gene expression changes as a biomarker offers
rapidity and sensitivity to be applied for the detection of exposure to ionizing radiation. Gene expression
study is very important for assessing the effect of ionizing radiation in genomic damage. Although the
GADD45A and CDKN1A genes are regulated by p53 in response to ionizing radiation, the present study has
showed that the GADDA45A is up-regulation, while the CDKN1A is down-regulation after 6 hours of mice
exposure to low and high doses of x-ray and the organizational level in the high dose of 100 cGy is higher
than that at the low dose 5 cGy.
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