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Abstract: HER-2 proto-oncogene plays an important role in the regulation of normal breast growth and its alteration is associated with carcinogenesis and poor prognosis of breast cancer. HER-2 gene polymorphisms is suggested to be the principal mechanism of HER-2 gene amplification , protein over-expression and increased plasma HER-2 “the truncated product of the receptor that is released into the circulation” in breast cancer. In this study we explored the HER-2 gene polymorphisms and plasma HER-2 in 40 breast cancer females and 20 healthy control subjects. Patients were classified equally into 2 groups, early breast cancer and locally advanced breast cancer. The results of the study showed a highly significant increase of mutant genotypes AG/GG in locally advanced breast cancer (LABC) group but not in early breast cancer patients (EBC) compared to control group. This genotype was significantly higher in LABC compared to EBC. Mutant AG/GG genotypes were significantly associated with lymph node positivity and increased immunohistochemical expression of HER-2. Regarding allele distribution, mutant G allele was significantly higher in LABC but not in EBC compared to control and it was significantly higher in LABC than in EBC. Plasma HER-2 was significantly elevated in LABC compared to control but not in EBC compared to control group. Within breast cancer patients, plasma HER-2 was significantly elevated in carriers of the AG/GG genotype than in AA genotype carriers.  In conclusion, the present study supported the hypothesis that HER-2 gene polymorphism and plasma HER-2 are important predictive and prognostic factors in breast cancer.
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1. Introduction

Breast cancer is the most common type of cancer and the most common cause of cancer-related mortality among women worldwide (Hortobagyi et al., 2005). In women, breast cancer accounts for 26% of new cases of cancer and 15% of cancer deaths, second to lung cancer (Jemal et al., 2007). In Egypt, breast cancer is the first in females representing 37% of all female cancers presenting to National Cancer Institute, Cairo University (Elatar, 2002).
Oncogenes refer to genes whose activation can contribute to the development of cancer. HER-2 gene is a proto-oncogene found on chromosome 17q21.1 of mRNA size 4.5 kb. It encodes a protein (a185-KDa) tyrosine kinase receptor (Van Der Geer et al., 1994). HER-2 gene activation occurs by gene amplification so more of the protein encoded by the gene is present, so its function is enhanced(Downward, 2003).
In breast cancer, HER-2 oncogene is involved in modulating the cell signaling system (Nahta et al., 2003). HER-2 overexpression is seen in about 25% of breast cancers and has been associated with metastatic phenotype, endocrine therapy unresponsiveness, and poor prognosis ( Menard et al., 2003).
HER-2 receptor has no identified ligand but is able to form a heterodimer with other receptors of the HER family allowing the participation of HER-2 in signal transduction even in absence of cognate ligand. The heterodimer containing HER-2 appears to show high signaling potency, which may explain the significant role of HER-2 in oncogenic phenotyping (Buzdar et al., 1996). HER-2 can also be activated by complexing with other membrane receptors such as insulin-like growth factor receptor I (Nahta et al., 2005).

Aim of the study: 

The aim was to evaluate the utility of plasma HER-2 as a predictive and prognostic tumor marker in breast cancer of female patients, to clarify the possible relationship of HER-2 Ile655Val polymorphism and plasma levels of HER-2 with breast cancer development and to correlate their association with clinicopathological characteristics, different prognostic and predictive factors.

2. Patients and Methods

· The study included 60 female subjects with age ranged from 25-60 years old, collected from National Cancer Institute, Cairo University.  
· They were divided equally into 3 groups. Group 1: patients with early stage breast cancer, group 2: patients with locally advanced stage breast cancer, and control group; include apparently healthy females with no evidence of neoplastic disease. Patients were diagnosed and pathologically proven as breast cancer.

· Blood samples were collected from all subjects on EDTA tubes then lymphocyte separation was done.

· Genomic DNA was extracted from the buffy coat by PCR using QIAamp DNA blood mini kit (Qiagen, Germany).

· Estimation of plasma HER-2 was done by ELIZA (Xie et al., 2000).

· The PCR product underwent a purification step then it was digested by BSMA I restriction enzyme then the product of digestion was run in agarose gel.

3. Results

Genotypes: The mutant AG/GG genotype (Ileu655Val/Val655Val) was insignificantly increased in EBC (50%) in comparison to control group (40%) (
Table 1
,Figure 1), significantly increased in LABC (95%) in comparison to control group (40%) (
Table 2
, Figure 3), and significantly increased LABC (95%) in comparison to EBC (50%) ( Table 3, Figure 5)

Alleles: The mutant G allele (Valine) was insignificantly increased in EBC (27.5%) compared to control group (25%) (
Table 1
, Figure 2), significantly increased in LABC (80%) compared to control group (25%) (
Table 2
, Figure 4), and significantly increased in LABC (80%) compared to EBC (27.5%), (Table 3, Figure 6).

Table 1: HER-2 Gene polymorphism and Allele distribution in control and early breast cancer groups.

	Variables
	Control

(n=20)
	EBC

(n=20)
	OR
	CI(95%)
	P value

	HER-2 gene

AA

AG/GG
	12(60%)

8(40%)
	10(50%)

10(50%)
	1.5
	0.4-5
	0.51

N.S

	HER-2 Allele

A

G
	30(75%)

10(25%)
	29(72.5%)

11(27.5%)
	1.1
	0.4-3.1
	0.7

N.S


A: Normal allele. 
G: Mutant allele. 
AA: Normal  Ile/Ile. Genotype. 
AG: Heterozygous mutant genotype. 
GG: Homozygous mutant genotype.
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Figure 1: Genotype distribution in control and early breast cancer groups.
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Figure 2 : Allele distribution in control and early breast cancer groups.

Table 2: HER-2 Gene polymorphism and Allele distribution in control group and locally advanced breast cancer group.

	Variables
	Control

(n=20)
	LABC

(n=20)
	OR
	CI(95%)
	P value

	HER-2 gene

AA

AG/GG
	12(60%)

8(40%)
	1(5%)

19(95%)
	28.5
	3.1-257
	<0.001

HS

	HER-2 Allele

A

G
	30(75%)

10(25%)
	8(20%)

32(80%)
	12
	4.1-34.4
	<0.001

HS
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Figure 3: Genotype distribution in locally advanced breast cancer and control groups

[image: image4.png]%150

%100 T

%50

%0

Control





Figure 4 : Allele distribution in locally advanced breast cancer and control groups
Table 3: HER-2 Gene polymorphism and Allele distribution in early and locally advanced breast cancer groups.

	Variables
	EBC

(n=20)
	LABC

(n=20)
	OR
	CI(95%)
	P value

	HER-2 gene

AA

AG/GG
	10(50%)

10(50%)
	1(5%)

19(95%)
	19
	2.1-170
	0.001

V.H S.

	HER-2 Allele

A

G
	29(72.5%)

11(27.5%)
	8(20%)

32(80%)
	10.5
	3.7-29
	0.001

V.H S.
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Figure 5: Genotype distribution in early and locally advanced breast cancer groups.

[image: image6.png]%150.00

%100.00

%50.00

%0.00





Figure 6: Allele distribution in early and locally advanced breast cancer.
Plasma HER-2 was insignificantly increased in EBC (7.3 ng/ml) compared to control group (3.8 ng/ml) (Table 4,Figure 7), significantly increased in LABC (50.9 ng/ml) compared to control group(3.8 ng/ml)(Table 5, Figure 8), and significantly increased in LABC (50.9 ng/ml) in comparison to EBC (7.3 ng/ml) (Table 6, Figure 9).
Table 4: Mean±SD of plasma HER-2 Level in early breast cancer and control groups.

	Variable
	Control

(n=20)
	EBC

(n=20)
	P value

	Plasma HER-2(ng/ml)


	3.8±.5
	7.3±1.03
	0.08 N.S.
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Figure 7: Mean plasma HER-2(ng/ml) in early breast cancer and control groups.
Table 5: Mean Plasma HER-2 Level in control and locally advanced breast cancer.

	Variable
	Control

(n=20)
	LABC

(n=20)
	P value

	Plasma HER-2(ng/ml)

mean±SD
	3.8±.5
	50.9±11.3
	<0.001

HS
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Figure 8: Mean plasma HER-2(ng/ml) in locally advanced breast cancer and control.

Table 6: Mean Plasma HER-2 Level in early and locally advanced breast cancer. 

	Variable
	EBC

(n=20)
	LABC

(n=20)
	P value

	 Plasma HER-2(ng/ml)

mean±SD
	7.3±1.03
	50.9±11.3
	<0.001

HS
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Figure 9: Mean Plasma HER-2 Level in early and locally advanced breast cancer.

There is non-significant correlation between age, body mass index, family history, menopausal state, ER, estrogen receptors and progesterone receptors expression with genotypes (Table 7 & 8).There was a significant correlation between lymph node positivity, HER2 protein overexpression in breast tissue and plasma HER2 with different genotypes (
Table 8
). No significant correlation between plasma HER-2 and either age or body mass index (Figures 11&12). 

Table 7: Correlation between HER-2 genotypes and age, body mass index, family history and menopausal status in patients.
	Variables
	AA

(n=11)
	AG/GG

(n=29)
	P value

	Age (mean±SD)years
	46.04±11.05
	45.5±8.2
	0.8

NS

	BMI (mean±SD)
	30.5±6.2
	28.4±6.5
	0.2 

NS

	FH  Yes

        No
	1(9%)

10(91%)
	3(10.3%)

26(89.7%)
	0.9 

NS

	Menopause

Premenopause

Postmenopause
	5 (45.5%)

6 (54.5%)
	16(55%)

13(45%)
	0.7 

NS


AA=Normal  genotype. AG=Heterozygous mutant genotype. GG=Homozygous mutant genotype. BMI=Body mass index. FH=Family history.

Table 8: Correlation between HER-2 genotypes and clinicopathological criteria. 
	
	AA

(n=11)
	AG/ GG

(n=29)
	OR
	CI
	P value

	ER Negative

Positive
	5(45.5%)

6(54.5%)
	12(41.4%)

17(58.6%)
	1.18
	0.2-4.7
	0.5 NS



	PR Negative

Positive
	7(63.6%)

4(36.4%)
	11(37.9%)

18(62.1%)
	2.8
	0.6-12
	0.1 S

Non-significant

	LN Negative

Positive
	8(72.7 %)

3 (27.3%)
	10 (34.5%)

19(65.5%)
	5


	1.09-23.4
	0.032 S



	HER-2 IHC

Negative

Positive
	7 (63.6%)

4 (36.4%)
	8(27.6%)

21(72.4%)
	4.5


	1.05-20
	0.04 S




Table 9: Correlation between mean plasma HER-2 Level(ng/ml) and genotypes.
	Variable
	AA

(n=11)
	AG/GG

(n=29)
	P value

	Plasma HER-2

(mean±SD)

(ng/ml)
	10.5±2.1
	36.1±6.2
	0.001 (HS)
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Figure 10: Correlation between Plasma HER-2 Level(ng/ml) and genotypes.
[image: image11.jpg]B
o
W £
¥ H
H H H H

H
(s783K) 39V

) )

PHER2 (ng/ml)

)




Figure 11: Correlation between plasma HER2 and age in breast cancer patients.
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Figure 12: Correlation between plasma HER2 level(ng/ml) and body mass index(kg/m2) in breast cancer patients.
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Figure 13: Gel electrophoresis of the PCR product.

Lane 1: negative control. Lane 2: 50 bp ladder. 

Lane 2,3,4,5, and 6: PCR product 148 bp.
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Figure 14: Analysis of the HER2 genotypes–restriction fragment length polymorphism of the PCR product. 
Lane 1: 50-bpladder. 

Lane 2, 6, and 7: HER2 homozygous mutant (Val/Val, GG) 116 and 32bp bands. 

Lane 3: normal homozygous (Ile/Ile, AA)148 bp. 

Lane 4 and 5: heterozygous (Ile/Val, AG)148bp,116 bp and 32 bp.
4. Discussion

Breast cancer is currently the most frequent malignancy in female population. According to the National Cancer Institute, Cairo, Egypt, breast cancer is the first most common malignancy in women constitutes 37.5% of all reported tumors in Egyptian females (Elatar, 2002).
Most of the excess familial risks associated with breast cancer are likely to be genetic in origin (Abbott et al., 2001). However, only about a third of this risk is accounted for by known genes, the most important being human epidermal growth factor receptor-1, BRCA1 and BRCA2, while the remainder might be explained by a combination of weakly predisposing alleles (Pharoah et al., 2002).
Human epidermal growth factor receptor- 2 (HER-2), also known as c-erbB-2 is a member of the epidermal growth factor receptor family, mapped on chromosome 17q21-q22 (Akiyama  et al., 1986).

HER-2 overexpression is seen in about 25% of breast cancers and has been associated with metastatic phenotype, endocrine therapy unresponsiveness, and poor prognosis ( Menard et al., 2003).

One common variant, a single nucleotide polymorphism in the transmembrane coding region of the HER-2 gene at codon 655 (Ile655Val) encoding either isoleucine (Ile: ATC) or valine (Val: GTC), has been reported in different cancer types. Changing the existing isoleucine (Ile: ATC) to valine (Val: GTC) at codon 655, suggests an increased dimerization, autophosphorylation of HER-2 and tyrosine kinase activity, which may cause the transformation of cells (Takano et al., 1995).
The results of this study showed that there is a non-significant differences in mutant genotypes AG/GG of HER-2 gene between early breast cancer group(EBC) and control group(OR = 1.5, 95% CI = 0.4 - 5, P = 0.51 ). But there is a significant increase in mutant genotypes AG/GG between locally advanced breast cancer group(LABC) and control group (OR=28.5 95% CI=3.1-257, P=<0.001). These data suggest that among breast cancer patients, the carriers of HER-2 AG/GG genotypes are more likely to be advanced and that these genotypes are not associated with the incidence of breast cancer per se, but with its progression. 
In this work, there is significant increase in mutant G allele in LABC group compared to control group(OR=12,  95%CI 4.1-34.4, P= <0.001), while no statistical significant difference was found between EBC group  and control group (OR 1.1, 95% CI=0.4-3.1, P=0.7).
Regarding the correlation between different genotypes of HER-2 gene and different clinicopathological  factors considered in this study, estrogen receptors expression in breast tissue, were not correlated with different genotypes of HER2 gene(OR= 1.8, 95% CI=0.4-4.7, P= 0.52). Progesterone receptors expression in breast tissue, also were not correlated to different genotypes of HER2 gene(OR= 2.8 95% CI=0.6-12, P= 0.1). Lymph node positivity showed significant increase with AG/GG genotypes indicating that these genotypes are related to disease progression. (OR= 5, 95% CI=1.09-23.4, P= 0.03). HER-2 protein over-expression showed significant increase with AG/GG genotypes (OR= 4.5 95% CI=1.05-20, P= 0.04). 
These results were in accordance with XIE et al. (2000) who suggested that, polymorphisms of the HER-2 gene may be important susceptibility biomarkers for breast cancer risk in Chinese women. Zubor et al.(2006),Also revealed relatively high frequency of the G (mutant) allele among the women population of the Slovak republic and that HER-2 polymorphism was associated with a significantly increased risk of breast cancer in homozygotes for G allele (GG genotype). In agreement with our results, Pinto et al. (2004) found a twofold increase in risk of breast cancer in women who are carriers of a Val allele. Tao et al. (2009) and Lu et al. (2010) found that HER-2 codon 655 Val allele was associated with an increased risk of breast cancer, and single nucleotide polymorphism at HER-2 codon 655 could be considered as a susceptibility biomarker for breast cancer for Asian females. 

On the other hand, Benusiglio et al.(2005) found that there were no differences in genotype frequencies between cases and controls. Qu et al.(2008) found that Ile655Val polymorphism of the HER-2 gene do not alter its activity and may not be associated with increased breast cancer risk among Chinese women.
As regards plasma HER-2 level we reported a statistically significant increase in its  mean value in LABC group compared to control  group ( P=<0.001) but no significant difference between control and EBC group( P=0.08). Also there is significant increase of plasma HER-2 in LABC group compared to EBC group (P=<0.001).These data suggest that plasma HER-2 contributes not only to the development, but also to the high stage and dissemination of breast cancer.

As regards correlation between Plasma HER-2 and different genotypes, plasma HER-2 showed significant increase in mutated genotypes (AG/GG) (P=0.001). These findings are consistent with results of Leitzel et al. 1992.

In the present study, we found a strong positive association between plasma HER-2 levels and the immunohistological expression of this protein in the tumor This is in accordance with studies of Moreno-Aspitia et al. (2008) and Imoto et al. (2006) which demonstrated that although various methods have been used to determine HER-2 expression, similar results have been reported regarding HER-2 overexpression in tumors and its plasma level. 
There is increasing evidence that plasma levels of HER-2 reflect tumor maintenance and aggressiveness in breast cancer patients. In this regards, recent studies have demonstrated an association between high plasma levels of HER-2 and other clinicopathological characteristics indicative of tumor progression.  The current study indicates that high plasma levels of HER-2 were associated with advanced clinical stages (higher plasma HER-2 in LABC group) and higher incidence of lymph node positivity in breast cancer patients.  This findings are consistent with that of Singhai et al. (2011) and Thriveni et al.(2007) who demonstrated that plasma HER-2 contributes not only to the development, but also to the stage and dissemination of breast cancer.

On the other hand, in a study by Kong et al. (2006), neither HER-2 overexpression nor raised plasma HER-2 levels were significantly associated with any of the clinicopathological characteristics of breast cancer patients. Also, Leyland-jones and Smith (2011) showed that concentrations of plasma HER2 are not consistently related to patient outcomes; therefore, there is insufficient evidence to support the clinical use of plasma HER2 testing.

In this study, no correlation could be established between the expression of plasma HER-2 and steroid hormone receptors content. This is consistent with reports by Imoto et al. (2006).

In conclusion, there is a great controversy about the role of HER-2 polymorphism as a risk factor of breast cancer.
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