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Abstract 
 

Aim: To investigate the influence of the polymorphic variants of CCND1 (G870A) and p73 (G4C14- to- A4T14) on the susceptibility to 

breast cancer development, also, to figure out their diagnostic and prognostic roles. 

Subjects and Methods: Blood samples were obtained from breast cancer patients and controls. Genotyping of CCND1 and p73 genes 

were carried out by PCR-RFLP and PCR-CTPP; respectively. 

Results: In comparison with the control group, CCND1 (G870A) GA and AA genotypes frequencies were significantly higher in breast 

cancer patients (p=0.035 and p=0.002; respectively), whereas CCND1 (G870A) GG genotype frequency was significantly lower (p< 

0.001). The CCND1 GA and AA genotypes significantly increased the risk for developing breast cancer compared with the GG genotype. 

The CCND1 (GA+AA) genotypes were significantly correlated with disease-free survival (DFS) of breast cancer patients. In comparison 

with the control group, p73 (G4C14/A4T14) GC/AT and AT/AT genotypes frequencies were significantly higher in breast cancer pa-

tients (p=0.013 and p=0.04; respectively), whereas p73 (G4C14/A4T14) GC/GC genotype frequency was significantly lower (p= 0.004).  

Compared with the GC/GC genotype, the p73 GC/AT and AT/AT genotypes significantly increased the risk for developing breast cancer. 

Beside being significantly correlated with DFS, p73 [(GC/AT)+ (AT/AT)] genotypes were indirectly correlated with tumor size, tumor 

pathological grade, patient's clinical stage, number of axillary lymph node involvement and Her2/neu expression. 

Conclusion: The GA and AA genotypes of CCND1 (G870A) polymorphism and the GC/AT and AT/AT genotypes of p73 (G4C14- to- 

A4T14) polymorphism can be used as diagnostic markers in breast cancer patients. The presence of the CCND1 (G870A) GA and AA 

genotypes and the GC/AT and AT/AT genotypes of p73 (G4C14- to- A4T14) polymorphism can increase the susceptibility to breast 

cancer incidence. Both of CCND1 (G870A) and p73 (G4C14- to- A4T14) polymorphisms can be used for prognosis of breast cancer 

patients.  
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1. Introduction 

Molecular epidemiology is an emerging new field that combines 

highly sensitive molecular techniques for detecting early damages 

associated with cancer [1]. Among women; breast cancer remains 

the most commonly diagnosed cancer. Genetic risk factors con-

tribute to about 5-10% of all cases, 90-95% of them result from 

somatic mutation and about 5-10% are inherited as a result of 

germ line mutation in autosomal dominant breast cancer suscepti-

bility genes [2]. It was reported that genetic alterations play a sig-

nificant role in the development of breast carcinoma [3]. To date, 

some cancer susceptibility genes have been identified such as 

cyclin D1 and p73 genes [4]. 

Cyclin D1, a protein encoded by the CCND1 gene located on 

chromosome 11q13, is the major regulatory protein involved in 

transition of cells from G1 to the S phase during cell division. It 

functions during the G1 stage of the cell cycle by binding to cy-

clin-dependent kinases 4/6 (CDK 4/6) forming a heterodimeric 

molecule which is an active protein kinase that phosphorylates 

specific substrates to modulate the G1/S interphase and promot 

cell cycle progression to S phase [4]. After entering the S phase, 

phosphorylation of the cyclin D1 protein at threonine residue-286 

enhances its export from the nucleus and subsequent proteolysis, 

thereby limiting the effect of this protein in promoting cell cycle 

progression [5, 6]. 

A polymorphism at nucleotide 870 of the CCND1 gene, G870A 

(CCND1 G870A polymorphism, rs603965), results in an aberrant-

ly spliced cyclin D1 variant (termed cyclin D1b) [7]. This mutant 
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transcript differs from the native cyclin D1 isoform (termed cyclin 

D1a) in the last 55 amino acids of the carboxy terminus, thereby 

lacking the Thr-286 phosphorylation site required for nuclear ex-

port and subsequent proteasome-mediated degradation, leading to 

an increase in the half-life of the alternate cyclin D1b. This ends 

with premature cell transition to S phase with propagation of un-

repaired DNA damage and accumulation of genetic errors, there-

fore leading to selective advantage to abnormal cell proliferation 

[8]. Overexpression of CCND1 disrupts normal cell cycle, possi-

bly promoting cancer development and progression, including 

breast cancer [9]. 

A number of studies have linked the CCND1 A allele to increased 

cancer risk, but the evidence has not been entirely consistent [10], 

[11]. Few studies have investigated the effect of CCND1       

(G870A) polymorphism on cancer prognosis with mixed results 

[10, 12]. Lu et al (2009) [13] conducted a meta-analysis on the 

association between CCND1 (G870A) polymorphism and the risk 

of breast cancer, and showed that there was an increased risk of 

breast cancer for carriers of the A allele in Caucasians but not in 

an Asian population. They suggested that different genetic back-

ground and environmental exposures might also contribute to the 

ethnic difference. Bedewy et al. (2013) [14] studied the associa-

tion between CCND1 (G870A) polymorphism and the risk of 

breast cancer in Egyptian female patients and recommended ex-

pansion of further studies to include more patients and healthy 

controls in order to acquire firm data concerning the CCND1 pol-

ymorphic variants and evaluate patients’ disease free survival and 

overall survival in relation to the CCND1 polymorphic variants.  

p73, a member of p53 family, shares structural and functional 

similarities to p53. It is located on chromosome 1p36, a region 

frequently deleted in a variety of tumors, indicating that p73 may 

be a potential tumor suppressor gene [15]. Indeed, p73 is able to 

activate a set of p53-response genes and induce cell-cycle arrest or 

apoptosis in response to DNA damage [16]. Two single polymor-

phisms located at position 4 (G to A) and 14 (C to T) in the 5’ 

untranslated region (5’ UTR) of exon 2 of the p73 gene have been 

identified and named G4C14-A4T14 (rs numbers 2273953 and 

1801173). This polymorphism located upstream of the initiating 

AUG codon of exon 2, a region which may theoretically form a 

stem-loop structure that could potentially affect gene expression 

through alteration of the efficiency of translation initiation, thus, it 

may lead to functional consequence [17].  

The association of p73 (G4C14- to- A4T14) polymorphism with 

cancer risk has been investigated in different studies with different 

results [18, 19]. In the Meta analysis performed by Liu et al. 

(2011) [20] on the association of p73 (G4C14- to- A4T14) poly-

morphism with cancer risk, the authors reported significantly ele-

vated cancer risks among Caucasians and Asians. When they 

made subgroup analysis by country, significantly increased cancer 

risks were found for the Americans and Japanese but not for Chi-

nese. Liu et al. (2011) [20] explained these discrepancies on the 

basis of the presence of differences in the underlying genetic 

backgrounds and/or environmental and social factors in the differ-

ent populations studied. Up to the best of our knowledge, in Egypt 

no study carried out to investigate the association of p73 (G4C14- 

to- A4T14) polymorphism with breast cancer risk, diagnosis and 

prognosis.  

The aim of the current study was to figure out the role played by 

the polymorphic variants of CCND1 (G870A) and p73 (G4C14- 

to- A4T14) in the etiology, diagnosis and prognosis of breast can-

cer in Egyptian females.  

2. Subjects and methods 

Sample size was calculated using NCSS 2000 (Number Cruncher 

Statistical System) and PASS (Power Analysis and Sample Size) 

Program. The minimum sample size required was 160 (80 for each 

group) to achieve 80% power to detect a difference of 1.7 between 

both groups with estimated group standard deviations of 3.0 and 

1.0 and with a significance level (alpha) of 0.05 using a two-sided 

two-sample t-test.  

This case- control study was conducted on 160 females admitted 

to the Department of Cancer Management & Research of the Med-

ical Research Institute, Alexandria University, Egypt. They were 

divided into two groups. Group I (Breast cancer patients 

group): it included 80 newly diagnosed breast cancer patients of 

clinical stages II and III, with mean ±SD age (52.62±10.07 yrs). 

Group II (Apparently normal healthy controls): it included 80 

female volunteers clinically free from any chronic disease. The 

controls were matched with the cases for age (50.15±9.43 yrs), 

menopausal and socioeconomic status. 

Eligibility criteria: cases were newly diagnosed as breast cancer 

patients of clinical stages II and III before surgery, not receiving 

chemotherapeutic, immunomodulatory agent or blood transfusion. 

Controls were free from any chronic disease and matched with the 

cases for: age, menopausal and socioeconomic status. 

Tools of data collection: signed informed consents were collected 

from all participants prior to their enrollment in the current study. 

This research protocol was approved by the ethical committee of 

the Medical Research Institute, Alexandria University, Egypt. All 

subjects were subjected to the following: full history taking, clini-

cal examination, routine laboratory investigations including com-

plete blood count (CBC), mammography of breast and ultrasonog-

raphy of abdomen and liver, radiological investigations including 

X-ray chest, CT scan and bone scan when needed and fine needle 

aspiration cytology (FNAC) of breast mass to establish the patho-

logical diagnosis in the patients. The clinicopathologic data were 

obtained from patients’pathology reports. The collected data in-

cluded tumor size, tumor pathological grade, number of axillary 

lymph nodes involvement, Her2/neu expression, vascular invasion 

and status of estrogen receptor (ER) and progesterone receptor 

(PR). Each breast cancer patient's clinical stage was determined by 

the oncologist according to the tumor-nodes-metastasis (TNM) 

classification system [21]. 

All 80 breast cancer patients were subjected to Modified Radical 

Mastectomy (MRM) [22], then received adjuvant combination 

chemotherapy [5-Fluorouracil, Adriamycin and Cyclophospha-

mide (FAC)] [23] for 6 cycles. After 6 cycles of chemotherapy, 

patients were evaluated clinically, laboratory and radiologically to 

estimate their clinical response. The patients were followed up 

clinically for 50 months for detection of metastasis. An EDTA-

preserved whole blood sample was obtained from each control and 

patient before surgery to investigate CCND1 (G870A) and p73 

(G4C14- to- A4T14) polymorphism.  

 

2.1 Extraction of genomic DNA 
 

Genomic DNA was purified from peripheral whole blood using a 

ready- for use DNA extraction kit (QIA amp DNA Blood mini kit, 

Qiagen, Hilden, Germany) according to the producer's protocol. 

  

2.2. Genotyping of CCND1 (G870A) polymorphism 
 

Genotyping of CCND1 (G870A) polymorphism was performed by 

polymerase chain reaction (PCR)-based restriction fragment 

length polymorphism (RFLP) method. The primers for analysis 

were [24]: Forward primer: 5´- 

GTGAAGTTCATTTCCAATCCGC-3´; Reverse primer: 5´ 

GGGACATCACCCTCACTTAC-3´ (QIAGEN, Germany) to 

amplify a 167-bp fragment. The PCR reaction was performed 

according to the method of Wang et al. [24]. 

  

For RFLP analysis, each PCR product (10 µl) was subjected to 2 

units of ScrF1 restriction enzyme (New England, BioLabs Inc, 

UK) at 37ºC for 1 hour and separated by electrophoresis on 2% 

agarose gel containing 0.5 mg/ml ethidium bromide and the bands 

on the gel were visualized using UV Transilluminator. The geno-

types were determined as follows: a single 167-bp fragment for 

the AA genotype, two fragments of 145 and 22 bp for the GG 
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genotype, and three fragments of 167, 145, and 22 bp for the GA 

genotype (Figure 1).  

 
Fig. 1: Representative gel (2%) for RELP digested PCR products for CCND1 
(G870A) genotypes; Lane M is for  50-bp DNA ladder. Lane 2 represents intact 

PCR products for AA genotype (167- bp); Lanes (3, 4, and 5) represent restricted 

PCR products for GA genotype (167-, 145- bp); Lanes (6, 7) represent restricted 
PCR products for GG genotype (145- bp).  

2.3. Genotyping of p73 (G4C14- to- A4T14) polymor-

phism 

Genotyping of P73 (G4C14- to- A4T14) polymorphism was car-

ried out using polymerase chain reaction with confronting two-

pair primers (PCR-CTPP) [25]. The PCR primers were: Forward 

primer (F1): 5´-CCACGGATGGGTCTGATCC-3´; Reverse pri-

mer (R1): 5´-GGCCTCCAAGGGCGACTT-3´ and Forward pri-

mer (F2): 5´-CCTTCCTTCCTGCAGAGCG-3´; Reverse primer 

(R2):5´-TTAGCCCAGCGAAGGTGG-3´ (QIAGEN, Germany) 

to amplify a 260-bp fragment. 

The PCR reaction was performed on a thermal cycler (Biometra 

Tprofessional Thermocycler; Germany). The PCR reaction was 

carried out in a total volume of 50 µl: 25 µl QIAGEN Multiplex 

PCR Master Mix, 8 µl primer mix (2 µl taken from each 20µM 

primer working solution) and 17 µl (1.4 µg) template DNA. Each 

PCR program started with an initial heat-activation step at 95°C 

for 15 min to activate HotStarTaq DNA Polymerase, followed by 

35 cycles of denaturation at 94°C for 30 sec, annealing at 62°C for 

90 sec, and extension at 72 C° for 90 sec, with a final extension 

step at 72 °C for 10 minutes. 

The DNA fragments were separated using electrophoresis on 2% 

agarose gel containing 0.5 mg/ml ethidium bromide and the bands 

on the gel were visualized by UV Transilluminator. The genotypes 

were determined as follows: two fragments of (270- bp and 428-

bp) for the AT/AT genotype, three fragments of (193- bp, 270- bp 

and 428- bp) for the GC/AT genotype and two fragments of (193- 

bp and 428- bp) for the GC/GC genotype (Figure 2). 

3. Statistical analysis 

Data were analysed using the Predictive Analytics Software 

(PASW Statistics 18) for Windows (SPSS Inc, Chicago, USA). 

The qualitative variables were summarized by frequency and per-

centage. The Association between categorical variables was tested 

using Chi-square test. When more than 20% of the cells have ex-

pected count less than 5, correction for chi-square was conducted 

using Firsher’s exact test.  

Odds ratio (OR) and 95% confidence interval were also calculated 

for estimation of risk. Univariate survival analysis of the studied 

parameters was assessed using the Kaplan-Meier method. The 

results were then compared using the log-rank test in order to 

determine statistically significant differences between the obtained 

curves. Results were considered significant at p-value < 0.05.  

 

        
Fig. 2: Representative gel (2%) by PCR-CTPP for P73 (G4C14-to-A4T14) 
geneotypes. Lane M is for 50-bp DNA ladder; Lanes 1, 5 for GC/GC 

genotype with (193-, 428-bp) bands; Lanes 2, 3, 6 for GC/AT genotype 

with (193-, 270- , 428- bp) bands and Lane 4 for AT/AT genotype with 
(270-, 428-bp) bands. 

4. Results 

Frequency of cyclin D1 (G870A) and p73 (G4C14/A4T14) pol-

ymorphic variants in the breast cancer patients and controls.  

Cyclin D1 (G870A) GG, GA and AA genotypes frequencies were 

63.8%, 15%, and 21.2%, respectively, in normal healthy controls 

and 16.3%, 28.7% and 55.0%, respectively, in breast cancer pa-

tients. p73 (G4C14/A4T14) GC/GC, GC/AT and AT/AT geno-

types were 75 %, 18.75% and 6.25%, respectively, in normal 

healthy controls and 47.5%, 36.2% and 16.3%, respectively, in 

breast cancer patients; (Table-I).  

For cyclin D1 (G870A) polymorphism, the statistical analysis of 

these results revealed that, in comparison with the control group, 

CCND1 (G870A) GA and AA genotypes frequencies were signif-

icantly higher in breast cancer patients (p=0.035 and p=0.002; 

respectively), whereas CCND1 (G870A) GG genotype frequency 

was significantly lower (p< 0.001). The AA polymorphic variant 

was of higher sensitivity for prediction of breast cancer than the 

GA variant (77% versus 64%), while the GA variant was of higher 

specificity for exclusion of breast cancer than the AA variant 

(65% versus 47%); (Table-I).  

For p73 (G4C14/A4T14) polymorphism, the statistical analysis of 

these results revealed that, in comparison with the control group, 

p73 (G4C14/A4T14) GC/AT and AT/AT genotypes frequencies 

were significantly higher in breast cancer patients (p=0.013 and 

p=0.04; respectively), whereas p73 (G4C14/A4T14) GC/GC 

genotype frequency was significantly lower (p= 0.004). The diag-

nostic sensitivity of GC/AT and AT/AT genotypes were 43.3% 

and 25.5%; respectively and their diagnostic specificity were 80% 

and 92.3%; respectively; (Table-I). 

 

 

Table I: The frequencies, diagnostic sensitivity and specificity of the CCND1 (G870A) and P73 (G4C14/A4T14) polymorphic variants among breast 

cancer patients and normal healthy controls.  

 

Polymorphic variants 
Normal healthy controls 

(n=80) 

Breast cancer patients  

(n = 80 ) 
2 test 

(P) 
Sensitivity Specificity 

   No. % No. %    

CCND1 (G870A) 

GG 51 63.8 13 16.3 (<0.001*) - - 

GA 12 15 23 28.7 (0.035*) 64% 65% 

AA 17 21.2 44 55.0 (0.002*) 77% 47% 

P73 

(G4C14/A4T14) 

 

GC/GC 

 

60 

 

75 

 

38 

 

47.5 

 

(0.004*) 

 

- 

 

- 

GC/AT 15 18.75 29 36.2 (0.013*)  43.3%  80 % 
AT/AT 5 6.25 13 16.3 (0.04*) 25.5 %  92.3% 

*: Statistically significant at p < 0.05;       n: sample size 

 

GC/GC GC/AT 

 

AT/AT 
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Table II: Association of CCND1 (G870A) and P73 (G4C14/A4T14) polymorphic variants with breast cancer risk 

 

Polymorphic variants 
Normal healthy controls 

(n=80) 

Breast cancer patients  

(n = 80 ) 

Test of signif-

icance 
(p-value) 

OR ( 95% CI) 

   No. % No. %    

CCND1 (G870A) 

GG 51 63.8 13 16.3  1.00 (reference) 

GA 12 15 23 28.7 (<0.001*) 7.5 (2.98-18.99) 
AA 17 21.2 44 55.0 (<0.001*) 10.15 (4.44-23.22) 

P73 
(G4C14/A4T14) 

 

GC/GC 

 

60 

 

75 

 

38 

 

47.5 
 

 

1.00 (reference) 
GC/AT 15 18.75 29 36.2 ( 0.003*) 3.05 (1.45- 6.42) 

AT/AT 5 6.25 13 16.3 ( 0.013*) 4.11 (1.35- 12.44) 

    *: Statistically significant at p < 0.05;   n: sample size;   ®: reference genotype;    OR: odd's ratio 

 

Association of cyclin D1 (G870A) and p73 (G4C14/A4T14) 

polymorphic variants with breast cancer risk 

 

Table-II shows the effect of CCND1 (G870A) and p73 

(G4C14/A4T14) polymorphisms on the risk for breast cancer de-

velopment. The CCND1 (G870A) GA and AA genotypes signifi-

cantly increased the risk for developing breast cancer compared 

with the GG genotype [OR=7.5, 95% CI: 2.98- 18.99; p<0.001 

and OR= 10.15, 95%CI: 4.44-23.22; p<0.001; respectively]. The 

p73 (G4C14/A4T14) GC/AT and AT/AT genotypes significantly 

increased the risk for developing breast cancer compared with the 

GC/GC genotype [OR=3.05; 95% CI: 1.45- 6.42; p=0.003 and 

OR= 4.11, 95%CI: 1.35- 12.44; p=0.013; respectively].  

 

Correlation of cyclin D1 (G870A) and p73 (G4C14/A4T14) 

polymorphic variants with clinicopathological data of breast 

cancer patients  
 

Correlation of different clinicopathological data with breast cancer 

patients carrying the A allele (AA+GA genotypes) of CCND1 

(G870A) polymorphism were non-significant (p> 0.05). However, 

breast cancer patients carrying the AT allele (GC/AT+AT/AT 

genotypes) of p73 (G4C14/A4T14) polymorphism showed signif-

icant indirect correlations with tumor size (r=-0.75; p= 0.032) , tu-

mor pathological grade (r= -0.63; p= 0.021), patient's clinical stage (r= 

-0.43; p= 0.04), number of axillary lymph node involvement (r= -0.37; 

p= 0.025) and Her2/neu expression (r= -0.51; p= 0.019); all of which 

were makers of poor prognosis. However; the correlations of p73 

polymorphism with vascular invasion, estrogen and progesterone 

receptors status were non-significant (p>0.05). 

Correlation of cyclin D1 (G870A) and p73 (G4C14/A4T14) 

polymorphic variants with disease-free survival of breast can-

cer patients  
 

Kaplen-Meir disease-free survival (DFS) curve was constructed to 

study this correlation (figures 3 and 4). Breast cancer patients 

were followed-up for a median period of 30 months (range 20-50 

months) for detection of any metastasis or local recurrence. For 

CCND1 (G870A) polymorphism, the DFS of breast cancer pa-

tients carrying the A allele (i.e., GA+AA genotypes) was com-

pared with those not carrying the A allele (i.e., GG genotype). The 

median (mean±SE) DFS was 24.0 (23.14 ± 1.30) months for pa-

tients with the GG genotype and 44.0(41.92± 1.20) months for 

patients carrying (GA+AA) genotypes. The statistical analysis of 

these data showed that breast cancer patients carrying the A allele 

had DFS time significantly longer than those not carrying the A 

allele (p<0.001). For p73 (G4C14/A4T14) polymorphism, the 

DFS of breast cancer patients carrying the AT allele (i.e., 

GC/AT+AT/AT genotypes) was compared with those not carrying 

the AT allele (i.e., GC/GC genotype). The median (mean±SE) 

DFS was 24.0 (24±1.13) months for patients with the GC/GC 

genotype and 40.0(41.33±1.45) months for patients with the 

(GC/AT+AT/AT) genotypes. The statistical analysis of these data 

showed that breast cancer patients carrying the AT allele had DFS 

time significantly longer than those not carrying the AT allele 

(p<0.001); Table-III. 

 

 

 
Fig. 3: Kaplan-Meier disease-free survival for breast cancer patients carry-

ing the GG or (GA+AA) genotypes of CCND1 (G870A) polymorphism. 

 
Fig. 4: Kaplan-Meier disease free survival for breast cancer patients carry-

ing the GC/AT or (GC/AT+AT/AT) genotypes of P73 (G4C14/A4T14) 
polymorphism. 

  
Table III: Association of CCND1 (G870A) and P73 (G4C14/A4T14) genotypes with breast cancer disease-free survival (DFS) 

Genotype 
Metastasis 

n =22 

Non Metastasis 

n= 58 

Median (Mean ± SE) 

DFS (months) 
P- value 

CCND1 G870A 
GG (-ve) (n= 13) 7 (53.9%) 6 (46.2%)  24.0(23.14 ± 1.30) 

<0.001* 
(GA+ AA) (+ve) (n=67) 15 (22.4%) 52 (77.6%) 44.0(41.92± 1.20) 

p73 

(G4C14/A4T14) 

GC/GC (-ve) (n=38) 13 (34.2 %) 25 (65.8%) 24.0(24±1.13) 

<0.001* [(GC/AT)+(AT/AT)] 

(+ve) (n=42) 
9 (21.4%) 33 (78.6%) 40.0(41.33±1.45) 

*: Statistically significant at p<0.05;     n: sample size;     DFS: disease-free survival 

 

 

 

 

Log rank = 26.617* 

P < 0.001 

Log rank = 20.557* 

P < 0.001 
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5. Discussion 

In the present study, in comparison with the control group, 

CCND1 (G870A) GA and AA genotypes frequencies were signif-

icantly higher in breast cancer patients, whereas the GG genotype 

frequency was significantly lower, suggesting that CCND1 

(G870A) GA and AA genotypes may play a role in the suscepti-

bility to breast cancer and can be used to differentiate between 

breast cancer patients and normal controls.  

In agreement with our results, Bedewy et al. (2013) [14] found that the 

frequency of having the GG genotype was higher in the control group 

than in breast cancer patients when compared with the distribution of 

the other genotypes. Furthermore, they found a significant association 

between the A allele either in heterozygous (GA) or homozygous state 

(AA) and breast cancer patients. Also, Yu et al. (2008) [12] found that 

the frequency of GG genotype was higher in the control group, while 

the frequency of A allele either in homozygous (AA) or heterozygous 

(GA) state was higher in breast cancer patients. On the other hand, 

Krippl et al (2003) [10] reported that CCND1 genotypes frequencies 

were similar among breast cancer patients and controls.  

In the present study, it was found that individuals carrying the GA and 

AA genotypes of CCND1 (G870A) polymorphism had 7.5 and 10.15 

fold increased risk for the development of breast cancer compared 

with those carrying the GG genotype. Bedewy et al. (2013) [14] re-

ported a positive risk of developing breast cancer for those having the 

A allele either in homozygous (AA) or heterozygous (GA) state when 

compared to GG genotype. Shu et al.(2005) [9] showed that the A 

allele, either in homozygous (AA) or heterozygous (GA) state when 

compared to GG genotype was only weakly associated (borderline 

significance) with the risk of breast cancer. This shows a possible 

oncogenic effect for the A allele which is maintained in both homozy-

gous and heterozygous states. 

Betticher et al (1995) [7] reported that individuals carrying the AA 

genotype produced an altered transcript-b of CCND1 that may have 

longer half-life. Therefore cells with damaged DNA carrying the A 

allele of CCND1 (G870A) polymorphism may bypass the G1/S phase 

check point easily compared with those not carrying this polymor-

phism.  

Sawa et al (1998) [26] demonstrated that high level of normal tran-

script-a inhibits entry into and completion of the S phase of the cell 

cycle. These observations suggest that the genotyping difference of 

CCND1 (G870A) polymorphism may influence the biological behav-

ior of cells, thus altering the risk of developing breast cancer by pro-

ducing different transcripts of CCND1.  

Yu et al (2008) [12] indicated that CCND1 (G870A) polymor-

phism makes a significant contribution to breast cancer in China, 

with preponderance of breast cancer in young women. Their re-

sults showed that the GA and AA subgroups were at increased risk 

for developing breast cancer compared with those with the GG 

genotype. The results of the current study were in complete 

agreement with those of Yu et al. (2008) [12] regarding the breast 

cancer risk provided by the GA and AA alleles. Krippl et al. 

(2003) [10], showed that no risk of developing breast cancer for 

those having the A allele either in homozygous (AA) or heterozy-

gous (GA) state.  

In the study of Onay et al. (2008) [11], homozygosity for the A 

allele (AA), when compared to GG genotype, showed a positive 

risk of developing breast cancer in both the Ontario and the Fin-

land samples. However, the presence of the A allele (i.e.; AA+GA 

genotypes) when compared to GG genotype showed no positive 

risk association in both Ontario and Finland populations.  

In the current study, it was found that carrying one A allele (i.e. 

GA or AA genotype) of CCND1 (G870A) polymorphism was 

sufficient to increase the risk for breast cancer occurrence. So, we 

combined the GA and AA genotypes (GA+AA) of CCND1 and 

considered them representing the abnormal genotypes, while the 

GG genotype representing the normal genotype. In the current 

study, there was no significant correlation of carrying the A allele 

of CCND1 (G870A) polymorphism with breast cancer clinico-

pathological features. Yoylim-Eraltan et al. (2009) [27] reported 

that the distribution of CCND1 (G870A) polymorphic variants 

were non-significantly different among stages T3-T4 and T1-T2 

tumors and also not associated with the number of axillary lymph 

node involvement. Also, Abramson et al. (2010) [28] found that 

cyclin D1b expression did not significantly correlate with any 

adverse prognostic marker of breast cancer patients.  

In the present study, it was found that carrying the A allele of 

CCND1 (G870A) polymorphism (i.e. AA+GA genotypes) was 

significantly correlated with longer DFS for breast cancer than did 

patients not carrying the A allele (GG genotype). The favorable 

DFS for breast cancer patients carrying the A allele despite its 

positive association with increased risk of breast cancer develop-

ment could be attributed to the induction of cyclin D1 degradation 

by chemotherapy causing cell death and apoptosis [29]. In con-

cordance with our findings, Shu et al. (2005) [9] found that carry-

ing the A allele of the CCND1 (G870A) polymorphism was relat-

ed to a favorable outcome for breast cancer, particularly among 

those with a stage III or IV or ER/PR- negative breast cancer. Shu 

et al. (2005) [9] findings were in agreement with earlier observa-

tions that CCND1 induces apoptosis [30]. Because rapidly prolif-

erating breast cancer is likely to be more sensitive to chemothera-

py (11), Shu et al. (2005) [9] finding of a strong inverse associa-

tion of CCND1 (G870A) polymorphism with breast cancer sur-

vival among women with late stage or ER/PR- negative breast 

cancer may be a result of increased response to chemotherapy due 

to the increased apoptosis associated with the CCND1 (G870A) 

polymorphism and increased proliferation associated with ad-

vanced disease characteristics. Shu et al. (2005) [9] also reported 

that it is possible that among patients with ER-positive breast can-

cer, the possible beneficial effect of CCND1 on prognosis may be 

offset by its ability to bind to the ER, compromising the effect of 

hormonal therapy. The shorter DFS of breast cancer patients car-

rying GG genotype of CCND1 (G870A) can be explained by the 

study of Yoylim-Eraltan et al .(2009) [27] who found that breast 

cancer patients carrying the GG genotype of CCND1 (G870A) 

polymorphism had a 1.7 fold increased risk of axillary lymph node 

metastasis compared with those with the AA and GA genotypes. 

On the other hand, a previous study on CCND1 (G870A) poly-

morphism and breast cancer survival reported a null association 

[31]. The inconsistent literature on CCND1 (G870A) polymor-

phism and cancer prognosis may be attributable to the characteris-

tics of cancers, study setting and design, the treatment regimens, 

inappropriate controls (convenience samples such as lab personnel 

or hospital controls with other diseases) and failure to control for 

ethnicity [9, 19].  

In the present study, in comparison with the control group, p73 

(G4C14/ A4T14) GC/AT and AT/AT genotypes frequencies were 

significantly higher in breast cancer patients, whereas the GC/GC 

genotype frequency was significantly lower, suggesting that p73 

(G4C14/ A4T14) GC/AT and AT/AT genotypes may play a role 

in the etiology of breast cancer. Li et al. (2004) [32] showed that 

the frequencies of the AT allele and genotypes of p73 

(G4C14/A4T14) polymorphism were significantly more common 

in cases with squamous cell carcinoma of head and neck 

(SCCHN) than in cancer- free controls.  

In the present study, it was found that individuals carrying the GC/AT 

and AT/AT genotypes of p73 (G4C14/A4T14) polymorphism had 

3.05 and 4.11 fold increased risk for the development of breast cancer 

compared with those carrying the GC/GC genotype. This means that 

the presence of one AT allele (i.e. GC/AT or AT/AT genotype) of 

p73 (G4C14/A4T14) polymorphism was sufficient to increase the 

risk of breast cancer occurrence. Although how this p73 

(G4C14/A4T14) polymorphism influences the development of 

breast cancer is unknown, one possible explanation is that the GC 

to AT change may lead to formation of a stem loop structure and 

so may influence the translation efficiency of p73 gene [33]. An-

other possibility is that this p73 polymorphism is in linkage dise-

quilibrium with other functional polymorphisms that affect either 

the expression or activity levels of enzymes involved in tumor-

igenesis [34]. The association of p73 (G4C14/ A4T14) polymor-
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phism with the risk of cancer development has been investigated 

by many epidemiological studies; however, the results were con-

flicting. Liu et al. (2011) (20) found that individuals with the 

AT/AT genotype were significantly associated with an increased 

cancer risk than those with GC/AT and/or GC/GC genotypes. Li et 

al. (2004) [32] found that Chinese women with the GC/GC geno-

type had an increased risk of developing breast cancer than those 

with the GC/AT or AT/AT genotype. On the other hand, Huang et 

al. (2003) [19] reported no association between breast cancer risk 

and p73 (G4C14/ A4T14) polymorphism. 

In our study, it was found that the presence of one AT allele (i.e. 

GC/AT or AT/AT genotype) of p73 (G4C14/ A4T14) polymor-

phism was sufficient to increase the risk for breast cancer occur-

rence. So, in the current study, we combined the GC/AT and 

AT/AT genotypes (GC/AT+AT/AT) of p73 (G4C14/A4T14) pol-

ymorphism and considered them representing the abnormal geno-

types, while the GC/GC genotype representing the normal geno-

type.  

In the present study, the combined variants (GC/AT +AT/AT) of 

p73 (G4C14/A4T14) polymorphism were indirectly correlated 

with clinicopathological data of breast cancer except vascular 

invasion, PR and ER status. Our results confirmed those reported 

by Xin and Chengyi (2012) [35] who concluded that breast cancer 

patients carrying GC/GC genotype may have bad prognosis. The 

finding of Xin and Chengyi (2012) [35] was also supported by our 

results regarding the longer DFS of patients carrying the AT allele 

of p73 (G4C14/A4T14) polymorphism (i.e.; GC/AT + AT/AT 

genotypes) compared with those not carrying the AT allele (i.e.; 

GC/GC genotype). Previous studies have shown that overexpres-

sion of p73 protein is a poor prognostic factor in breast cancer 

patients [36]. Daniel et al. (2000) [37] found that the AT allele 

leads to a slight tendency towards lower expression of the p73 

protein in tumor, which might be an explanation for the better 

DFS in the AT allele carrying patients. A possible explanation for 

the tendency towards less protein expression with AT/AT homo-

zygotes might be that the change from GC to AT may lead to the 

formation of a stem loop structure, thus, influencing the transla-

tion efficiency of p73 in tumors. Unexpectedly, our results taken 

together seem to show that there was a higher risk of developing 

breast cancer in females carrying the AT allele, but once affected, 

the patients have a better disease free survival.  

Li et al. (2004) [32] demonstrated that the GC/GC genotype was 

strongly correlated with an unfavorable DFS or overall survival of 

breast cancer patients. In their study, the GC/GC genotype was 

correlated with a positive axillary lymph- node status, suggesting 

that breast cancer patients with the GC/GC genotype had a more 

aggressive phenotype. 

Finally from the results of current study, it could be concluded that 

homozygosity or heterozygosity for the A allele of CCND1 

(G870A) and AT allele of p73 (G4C14-to- A4T14) polymorphism 

can be used for diagnosis of Egyptian breast cancer patients. The 

presence of one A allele of CCND1 (G870A) polymorphism and 

the presence of one AT allele of p73 (G4C14-to- A4T14) poly-

morphism are sufficient to increase the risk for breast cancer de-

velopment. In case of homozygosity, the risks significantly in-

creased. The combined variants (GC/AT+AT/AT) of p73 (G4C14- 

to- A4T14) polymorphism and the combined variants (GA+AA) 

of CCND1 (G870A) polymorphism can be used for prognosis and 

prediction of the clinical outcome of breast cancer patients. 
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