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Abstract 

The present study aims to determination of GADD45 and CDKN1A 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 (β-actin) gene. The size amplified product were 95 bp and 162 bp nitrogen-base pair for 

GADD45A and CDKN1A 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 CDKN1A 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 CDKN1A genes expression as useful biomarkers in assessment of DNA damage for low and high 

radiation exposure. 
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 انًهخص

انخؼشض   كًؤششاً  ببَىنىخُبً فٍ حخًٍُ CDKN1A وGADD45 هذفج انذساست انً ححذَذ انخغُشاث فٍ يسخىي انخؼبُش  اندٍُُ  ندٍُُ 

قسى  .انهحظٍ انبىنًُشاصٌحقُُت انخفبػم انخسهسهٍ  ببسخخذاو Balb  /c    سلانت    Mus musculusنلأشؼت انًؤَُت فٍ انفئشاٌ انبُعبء 

سُخٍ غشاٌ ) ساد ( يٍ الأشؼت  100و 5أَثً (  إنً يدًىػخٍُ بؼذ حشؼُغ كبيم اندسى ببندشع  36 وركش 36وسبؼىٌ  فأساً  ابُعبً  ) ٌثُبا

بُدبذ يٍ خًُغ ػُُبث  RNA انحبيط انُىوٌػضل  . انعببطت ًدًىػت اندقُقت إظبفت إنً  /سُخٍ غشاٌ  200انسُُُت بًؼذل خشػت 

ببسخخذاو غشَقت انًدًىػت انعببطت، أَبو يٍ انخؼشض نلأشؼت انًزكىسة  إظبفت إنً  10سبػت و6،48 بؼذ يشوس نكبيم انفئشاٌ انكبذ

Trizol method يٍ انببدئبث    حى اخخُبس اثُبٌ  اسخخذو انذَب انًخًى فٍ حعخُى  أندٍُ انًسخخذو  فٍ انذساست انحبنُت إر 

Primers نهدُُبثCDKN1A  ،  GADD45A لاقت ببلأشؼت انًؤَُت إظبفت إنً ببدئت انسُطشة انذاخهُت  نه ػ زٌانوinternal 

control  (β-actin) .  نىحع انخحضو بؼذ صبغ انهلاو بصبغت بشويُذ الاثُذَىو(Ethidium Bromide)  ار كبَج الاوصاٌ اندضَئُت ، 

2:3،59  bp  وج يٍ انقىاػذ انُبَخشوخُُُت  نهدُُبث صGADD45A  وCDKN1A   دساست  انخغُُشاث فٍ انخؼبُش  حى    نخىانٍ.ػهً ا

، :دُُبث انًسخخذيت ورنك بقُبط انًسخىي انكًٍ نزنك انخؼبُش نًُبرج انكبذ نًدبيُغ انفئشاٌ بؼذ يشوس نه (gene expression) اندٍُُ 

انبهًشة انًخسهسم   خهبص حفبػم خذاوببسخو انًدًىػت انعببطت انسُُُت انًزكىسة اَفبً اظبفت انً  نلأشؼتاَبو يٍ انخؼشض  21سبػت  و 84

 كبذ فٍ ػُُبث  GADD 45Aفٍ كًُت انخؼبُش اندٍُُ نهدٍُ   p<0.05 بُُج َخبئح انذساست وخىد اسحفبع  يؼُىٌ   QRT-PCR.انهحظٍ
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   ُظًٍُ ػبنٍكًب وخذ ببٌ نهزا أندٍُ يسخىي ح .سبػبث يٍ انخؼشض نلإشؼبع 6سُخٍ غشاٌ بؼذ  100و   5انفئشاٌ انًؼشظت نهدشػخٍُ   

(up-regulation)  ذبًُُب وخ ،ببنًدًىػت انعببطتانفئشاٌ انًؼشظت نهبحٍُ اندشػخٍُ يقبسَت  كبذ سبػبث  فٍ ػُُبث  6بؼذ يشوس 

 :سُخٍ كشٌ بؼذ  9،211فٍ كبذ انفئشاٌ انًؼشظت نهدشػخٍُ   CDKN1Aفٍ كًُت انخؼبُش اندٍُُ نهدٍُ  p<0.05اَخفبض يؼُىٌ  

كًب وخذ ببٌ نهزا اندٍُ يسخىي حُظًٍُ  .اَبو  يٍ انخؼشض  اَعب 21سبػت و  38نلاشؼبع وَسخًش هزا الاَخفبض بؼذ سبػبث يٍ انخؼشض 

واٌ ببنًدًىػت انعببطت  سبػبث فٍ ػُُبث كبذ انفئشاٌ انًؼشظت نهبحٍُ اندشػخٍُ يقبسَت  :بؼذ يشوس   (down regulation) واغئ

َسخذل يٍ َخبئح  .سُخٍ غشاٌ 9سُخٍ غشاٌ أػهً يًب هى ػهُه ػُذ اندشػت انىاغئت   100انًسخىي انخُظًٍُ فٍ اندشػت انؼبنُت  

ً يفُذاً ًَكٍ   ٍُُُ اسخخذاو انخغُشاث فٍ يسخىي انخؼبُش  اندٍُُ نهزٍَ اند َُت انذساست انً ايكب حقذَش فٍ  اسخؼًبنهيؤششاً  ببَىنىخُب

  لأشؼت انًؤَُت.ائت  يٍ انعشس فٍ خضَئه انذَب ػُذ انخؼشض ندشع ػبنُت او واغ

 

 لأشؼت انًؤَُتا ،يؤشش بُىنىخٍ ،GADD45Aو CDKN1A  نـاخٍُُ  انكهًبث انًفخبحُت6 

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 (A1): 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).  

http://en.wikipedia.org/wiki/P53
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF4-4VNH42T-1&_user=10&_coverDate=04%2F06%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5216&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4791857f01671e4e44e38f2c8bd2d1fa#secx3
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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 μg 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 μL containing 2.5 μL 10×Taq buffer, 1.25 U Taq 

DNA polymerase, 5mM dNTPs, 50 pmol of each primer and 100ng of template DNA, 1.25 U Taq 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 

s at 94°C, 30 s at each Ta (C)
0
 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 

  

 

 

 

 

 

 

 

 

* β-actin was used as loading  internal control 

 

QPCR was performed using the IQ™5 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 ∆∆Ct comparative Ct method. The 

∆Ct 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^ (ΔΔCt), ∆Ct=cycle of threshold, ∆Ct=Ct 

(housekeeping gene)-Ct (target gene), ∆∆Ct=∆Ct (treated) − ∆Ct (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-

10.43μg per 100 mg mice liver at 6 hr, 48 hr and 10  days, respectively  after exposure to 5 cGy irradiation  

Ta 

C0 

Target size 

bp 
Primer sequence (5′–3′) 

Gene 

Symbol 

56 95 
Forward: CAGAGCAGAAGACCGAAAG   

Reverse: CACGCCGACCGTAATG 
GADD45A 

56 2:3      
Forward:AGGCACCATGTCCAATCC           

Reverse: AAGTCAAAGTTCCACCGTTCT 
CDKN1A 

60 100 
Forward: CAGCCTTCCTTCTTGGGTAT              

Reverse: TGGCATAGAGGTCTTTACGG            

Housekeepin

ggene(β-

actin)* 

http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TF4-4VNH42T-1&_user=10&_coverDate=04%2F06%2F2009&_rdoc=1&_fmt=full&_orig=search&_cdi=5216&_sort=d&_docanchor=&view=c&_acct=C000050221&_version=1&_urlVersion=0&_userid=10&md5=4791857f01671e4e44e38f2c8bd2d1fa#secx9
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when compared with the control 4.82-12.66 μg per 100 mg mice liver. Whereas the amounts of RNA were 

3.77-13.05, 4.60-9.15 and 4.90-11.75 μg 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 μg. 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 β-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  β-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).  

 

Fig. (1): Agarose gel electrophoresis 1%  of mice liver RNA. Lanes :1- 10 represent partial liver samples 

 

 

Fig. (2): The size of amplified product  of Housckeeping (β-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 β-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.                                                                                                                                                                                                

 

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                                               

 

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                           

 

                                    A                                                                B 

  

                                   C                                                                   D 

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 β-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 β-actin was used as loading controls. The results showed that the relative quantitative gene 

expression level for three genes  GADD45A and CDKN1A in the liver of mice at 0 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 ∆∆Ct 

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 

CDKN1A 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 CDKN1A in the liver of mice after 5 cGy 

and 100 cGy of whole body X-ray irradiation using ∆Ct method. 

 

 

 

 

 

 

 

 

 

*A( GADD45A) significant diff.(P<0.05) liver 5 cGy and 100 cGy, Compared with the control; *B (  

CDKN1A) 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 after100 cGy whole body 

irradiation (2.89- , 1.87- and 1.00- fold  decrease, respectively) Table (3). 

 

 

 

 

 

 

 

 

High dose 100 cGy Low dose 5 cGy  

Exposure 

times for 

X-Rays 

quantitative 

CDKN1A 

expression 

quantitative 

GADD45A 

expression 

quantitative 

CDKN1A 

expression 

quantitative 

GADD45A 

expression 

30.66 A 5.70 B 29.42 A 23.72 B 0 hr 

14.00 *A 13.20 *B 22.83 NS 59.34 *B 6 hr 

3.89 *A 6.17 NS 1.59 *A 4.68** 48 hr 

1.24 *A 3.47 NS 0.67 *A 1.09** 10 days 
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Table (3): Fold expression levels for GADD45A and CDKN1A gene in the liver of mice after 5  cGy and 100   

cGy of whole body X-ray irradiation.   

 

*a (GADD45A) significant diff. (P<0.05) liver  5 cGy Compared with the control (a); *A (GADD45A) significant 

diff. (P<0.05)   liver  100 cGy, Compared with the control (A).*b (CDKN1A) 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 

(B).Ct=Cycle threshold, SD=Standard error. 

 

Fig. (6): QRT-PCR graphs showing the relative fold expression levels for GADD45A 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   GADD45A 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).      

 

High dose 100 cGy Low dose 5 cGy 
Exposure 

times for 

X-Rays 

Type of 

gene Ct SD 
Mean 

Ct 

fold 

expression 

SD 

fold 

expression 

Ct 

SD 

Mean 

Ct 

fold 

expression 

SD 

fold 

expression 

0.68 19.74 2.87 4.07 A 0.81 23.67 12.40 15.29 a 0 hr  

 

GADD45A 

 

 

2.30 20.06 81.34 48.13*A 1.74 23.60 42.33 32.88*a 
6 hr 

1.55 19.37 6.32 5.45NS 0.80 25.72 2.67 2.88 48 hr 

 

0.95 

 

20.03 

 

0.81 

 

1.00 

 

1.02 

 

24.82 

 

0.79 

 

1.00 

10 days 

0.45 20.4 2.77 6.12 B 0.43 20.78 18.25 46.60  b 0 hr 

 

CDKN1A 

0.57 21.1 1.49 2.89 *B 0.44 21.09 13.15 13.02 *b 6 hr 

0.82 21.3 1.23 1.87 *B 0.37 21.32 1.11 2.22 *b 48 hr 

0.48 20.62 0.36 1.00 *B 0.46 21.12 0.35 1.00 *b 10 days 
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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 I) 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 β-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 GADD45 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 

GADD45B had the highest expression in liver tissue exposure to ionizing radiation. 

http://en.wikipedia.org/wiki/DNA
http://en.wikipedia.org/wiki/MRNA
http://en.wikipedia.org/wiki/Reverse_transcriptase
http://en.wikipedia.org/wiki/Clone_%28genetics%29
http://en.wikipedia.org/wiki/Gene_probe
http://en.wikipedia.org/wiki/Up-regulation
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The major transcription factor regulating CDKN1A expression is the tumor suppressor protein p53, these 

results establish that CDKN1A 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 γ- radiation exposure in C57BL/C mice. These 

GADD45A 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 GADD45A 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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