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Estimation of Epidermal growth factor (EGF), HER2, CA15-3 and Acid 
phosphatase in Iraqi breast cancer women
Ban Hussein Hameedi1,4, Ali Abdul Al Hussain Mahdi2, Ali Shalash Sultan3

Abstract: Breast cancer is one of frequent cancer that affects millions of people worldwide. Delayed diagnosis of these 
cancers has raised mortality and morbidity. Cancer biomarkers have tremendously increased the efficacy of treatment and 
the effectiveness of detection. This study aimed to investigate some biomarkers, including EGF, HER2, CA15-3, and Acid 
phosphatase, associated with early breast cancer (BC) diagnosis in Iraqi women. Carried on 90 Samples, the patients 
attended the Center for Early Detection of Breast Tumor at an oncology teaching hospital in Medical City. The study was 
conducted between 15/February (2021) and 20/July (2021). The consultant medical personnel made the diagnosis based 
on a  Triple Assessment Technique, including physical breast examination, ultrasonography, with or without mammography 
and fine needle aspiration cytology. Female patients were divided into three groups (Benign, malignant and control). Benign 
B(34 patients) was split into subgroups, including. Benign premenopausal group B1(17 patients) Benign post-menopausal 
group B2(17patients) and malignant M(34 patients), malignant premenopausal group M1(17 patients) and malignant post-
menopausal group M2(17 patients), and control group C include (11) premenopausal stage C1and (11) post-menopausal 
group C2. The value of EGF in Malignant cancer  M1 (179.80 ±19.07) and M2(130.59 ±18.59)shows a highly significant 
(P≤0>05) increase in comparison with benign cancer and B2 and healthy control C1and C2 groups, respectively but B1 
and B2 shows high significant (P≤0>05)decrease in comparison with C1 and C2 respectively. The values of HER2 show 
in B2(1.377±0.10); M1(11.76±0.10), and M2(11.79±0.09) increased significantly(P≤0.05) in comparison with C1, C2, B1 
respectively. The values of CA-15-3 in M1 and M2 increase significantly(P≤0.05) compared with C1, C2, B1, and B2. The 
values of acid phosphatase in pre-and post-menopausal males in M1 and M2 increased significantly (p<0.05) compared 
with C1andC2.
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Introduction
Breast cancer is the most frequent malignancy in wo-

men and one of this group's leading causes of mortality. 
Breast cancer is a multifactorial disease¹, and different 
factors contribute to its occurrence. Although the disease 
occurs worldwide, its incidence, mortality, and survival ra-
tes vary considerably among the other parts of the world. 
More than half of the incidence of breast cancer and (60 
percent) of deaths occur in low- and middle-income coun-
tries (LMICs)². Globally there is a vast difference in the 
age-standardized breast cancer incidence across the diffe-
rent populations. Women in Eastern Africa have a rate of 
19.3 per 100,000, while women in Western Europe have a 
rate of 89.9 per 100,000².CA15-3 is a serological marker for 
monitoring the clinical course of BC patients. A persistent 
increase in the circulating concentration of this marker may 
suggest an inadequate response to cancer therapy in pa-
tients with metastatic BC. However, it has poor sensitivity, 
particularly at the early stages of the disease³.

CA15-3 can also be elevated in healthy individuals and 
in patients with benign conditions. It lacks the specificity 
needed for the cancer screening, diagnosis, staging, and/

or sole use in monitoring post-therapy recurrence⁴. One of 
the most critical regulatory factors in the EGF family is the 
epidermal growth factor (EGF). EGF has been shown to 
successfully suppress follicular cell death and increase gra-
nulosa cell proliferation and oocyte maturation. And stimu-
late the ovulation process by binding to epidermal growth 
factor receptor (EGFR) ⁵. EGF is the prototypical member 
of a peptide growth factor family that induces the EGF re-
ceptors. The EGF/EGFR receptor signaling pathway plays 
an essential role in the differentiation, proliferation, and mi-
gration of different cell types, especially in epithelial cells. 
EGFR is expressed in 20 to 80% of breast carcinomas and 
leads to increased uncontrolled growth of cancer cells ⁶. 
HER2 is a growth-promoting protein on the exterior of all 
breast cells. HER2-positive breast cancer cells have more 
significant amounts of HER2 than normal⁷. HER2 overex-
pression stimulates the ligand-independent pathway HER2/
HER3/PI3K complex formation and kinase activity in tumor 
cells, allowing trastuzumab resistance to be overcome by 
inhibiting PI3K, as well as gain of function mutations of PI3K 
and the loss of PTEN, Furthermore, overexpression of the 
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insulin-like growth factor receptor 1 (IGF-1R) leads to sus-
tained activation of the PI3K/Akt pathway, resulting in resis-
tance to antihormonal and HER2-targeted therapies⁸

Materials and methods 

Sample Collection
A short structured questionnaire was used to collect 

information on age, weight, marital status, height, number 
of pregnancies and children, average lactation term, age 
at first childbirth, family history of breast cancer or other 
cancers, first and second-degree relatives, age at marria-
ge, age at menarche and menopause. (90) female patients 
coming to do an early examination for breast cancer and, 
after taking a history and doing a physical examination, ve-
rify that she is affected, whether it is a benign or malignant 
injury; we take a sample from the patients and conduct tests 
on it. Their ages ranged from 23-70 years. Female patients 
are divided into three groups (Benign, malignant and con-
trol). Benign B(34 patients) is divided into subgroups inclu-
de  Benign premenopausal group B1(17patients) and Be-
nign post-menopausal groupB2 (17 patients) and Malignant 
M (34 patients), malignant premenopausal group M1(17 
patients) and malignant post-menopausal group M2(17 
patients),and control group includes (11) premenopausal 
group C1 and (11) post-menopausal group C2. The patients 
were referred to the Center for Early Detection of Breast 
Tumor at oncology teaching hospital in Medical city, during 
the period between 15/February (2021) and 20/July (2021). 
The consulting medical professionals established the diag-
nosis, which was based on a Triple Assessment Technique 
(i.e., physical breast examination, ultrasonography, with or 
without mammography and fine needle aspiration cytolo-
gy) Demographical Samples were collected; venous blood. 
With respect to blood, 5 ml were collected in a 5ml disposa-
ble syringe, under aseptic conditions. The blood was put in 
a plain tube, and left for 15 minutes at 4ºC to clot. After that, 
it was centrifuged for 10 minutes at 5000 rpm.Sera were se-
parated and kept in Apendrof tubes ,and then stored in deep 
freeze at(-20C˚) till examination for biochemical assay.

Measurement Epidermal growth factor (EGF)
Epidermal Growth Factor protein concentration was 

measured in the serum by using CUSABIO ELISA Kits. At 
the end of the assay, results are automatically calculated by 
an ELISA reader highly sensitive. Using a microplate reader 
set to 450 nm, the optical density of each well was calcula-
ted in just 5 minutes.

Normal values
Premenopausal= 19.296- 230.904 pg/ml
Postmenopausal= 13.534-225.142 pg/ml

Measurement Human Epidermal Growth Factor 
Receptor 2(HRE2).

Human Epidermal Growth factor 2 Protein concentra-
tion was measured in the serum by using CUSABIO ELI-
SA Kits. At the end of the assay, results are automatically 
calculated by an ELISA reader highly sensitive. Each well's 
optical density was determined in five minutes by using a 
microplate reader set to (450 nm). If there is a wavelength 
adjustment option, select it (540 nm or 570 nm). Subtract 
the (540 nm or 570 nm) measurements from the readings 

at (450 nm). The plate's optical flaws will be corrected by 
subtracting this amount. Readings taken on the spot (450 
nm) without correction may be higher and less accurate.

Normal values
Premenopausal= 0.596-1.023 ng/ml
Postmenopausal =0.275-0.702 ng/ml

Human mammary carcinoma marker, cancer 
antigen(CA15-3)

Carcinoma marker 15-3 concentration was measured 
in the serum by using CUSABIO ELISA Kits. At the end of 
the assay, results are automatically calculated by an ELISA 
reader highly sensitive. Optical density was determined for 
each well within (10 minutes) by using a microplate reader 
set to (450 nm). If wavelength correction is available, set it 
to (630 nm). Subtract 630 nm observations from readings at 
other wavelengths (450 nm). This subtraction will eliminate 
any optical flaws in the plate. Without adjustment, readings 
taken at (450 nm) may be higher and less accurate.

Normal values
Premenopausal= 3.775- 16.999 u/ml
Postmenopausal= 2.633- 15.857 u/ml

Acid phosphatase (AP)
Acid phosphatase concentration was measured in the 

serum using Cayman chemical ELISA Kits. At the end of 
the assay, results are automatically calculated by an ELISA 
reader highly sensitive. Within 10 minutes, each well's opti-
cal density was calculated by using a microplate reader set 
to (450nm).

Normal values
41.395-68.882 pg/mL for premenopausal women.
29.417- 56.904 pg/mL for postmenopausal women.

Statistical Analysis
The Statistical Analysis System-⁹ program was used to 

detect the effect of different factors on study parameters. 
Least significant difference –LSD test (Analysis of Varia-
tion-ANOVA) was used to compare between means signi-
ficantly. Estimate the correlation coefficient between varia-
bles in this study.

Results
The results were appeared in Fig (1).Shows the va-

lues of EGF show non-significant  different (P≥0.05) in 
group C1(89.11 ±19.52) and C2(83.35 ±19.54 ),While the 
values in B1(27.54 ±4.51 );B2 (10.99 ±0.87 ), decrease sig-
nificantly(P≤0.05) in comparison  with C1,C2,M1 (179.80 
±19.07) and M2(130.59 ±18.59).M1 and M2 shows high 
significant(P≤0.05) in comparison with C1;C2;B1;B2 groups 
respectively. While Fig (2) summarized the values of HER2 
in B1(1.066 ±0.04) show a non-significant (P≥0.05) diffe-
rence in comparison with C1 (0.878 ±0.04 ), but it was in-
creased significantly(P≤0.05) in comparison with C2(0.557 
±0.04).The values in B2(1.377±0.10);M1(11.76±0.10) and 
M2(11.79±0.09)were increased significantly(P≤0.05),in 
comparison with C1,C2,B1 respectively. 

Fig (3) shows the values of CA-15-3 in C1(13.05 ±1.20); 
C2(11.91 ±1.20); B1 (7.61 ±0.65) and B2(12.92 ±1.25) show 
non -significant (P≥0.05) difference. M1(52.08 ±6.94)and 
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M2 (44.42 ±5.60) increase significantly(P≤0.05) in compa-
rison with C1(13.05 ±1.20),C2(11.91 ±1.20) ,B1(7.61 ±0.65 
),B2(12.92 ±1.25),But the values between M1 and M2 show 
non-significant difference(P≥0.05). 

Fig(4).The values of acid phosphatase in B1(3.21 
±0.15) increased significantly(p<0.05)in comparison with 
C1(2.14 ±0.12),C2(1.133 ±0.12) while B2(2.78 ±0.23) was 
significant increase (p<0.05) with C2(1.133 ±0.12). There 
was a non-significant (p>0.05) difference in values between 
groups B1 and B2. The values of acid phosphatase in 
M1(3.38 ±0.24) and M2 (2.93 ±0.27) increased significantly 
(p<0.05) in comparison with C1and C2.

Discussion
The group and M2 show high significance in the levels 

of EGF  in comparison with other groups due to the malig-
nant cell having irregular or mutation in the DNA to produce 
EGF protein; therefore, this parameter is used as a marker 
to diagnose breast cancer. EGF positively correlates with 
breast cancer cell proliferation ¹⁰ by binding with the EGFR. 
The fundamental ligand of these receptors is EGF, a po-
tent mitogen. Especially in the cells overexpressing EGFR, 
which show in and M2. ¹¹well The endogenous manufac-
turing of epidermal growth factor (EGF) and insulin-like 
growth factor (IGF) polypeptide growth factors are strongly 
correlated to all the steps of breast cancer metastatic cas-
cade and malignant transformation. Several studies have 
demonstrated that both estrogens and growth factors sti-
mulate the proliferation of steroid-dependent cancer cells 
and that there are numerous levels of interaction between 
different signaling pathways. Importantly, estrogen recep-
tor-positive breast cancer accounts for the majority of ins-
tances with a more favorable prognosis and pattern of re-
currence, with endocrine therapy being the backbone of the 
treatment¹¹. This study showed an elevation level of HER2 
in the M1and M2 group due to the association of this im-
mune indicator with decreased immunity and the absence 
of estrogen, which causes cancerous cells in this category. 
This study agreed with¹²′¹³ studied the clinical significance 

of serum (sHER2) levels of patients with all stages of breast 
cancer. sHER2 levels were found to be raised in 15 percent 
(7/46) of stage I/II patients and 26 percent (9/35) of stage III 
patients. Stage I/II (P =0.002) and stage III (P =0.04) sHER2 
levels predicted a poor prognosis. Two research found a 
significant correlation between high levels of sHER2 and 
worse disease-free survival(DFS) in patients with operable 
breast cancer(13). ¹⁴showed that high sHER2 levels were 
associated with poor prognosis in patients with early sta-
ge. Clinically, human epidermal growth factor receptor 2 
(HER2) statuses of primary breast cancer tissue are used 
to determine biological subtypes, predict the outcome, and 
guide therapy decisions, particularly for the endocrine and 
HER2 targeted regimens ¹⁵. However, many studies have 
shown substantial discrepancies in ER, PR, and HER2 
receptor profiles between primary and metastatic tumors. 
Based on a meta-analysis of about 39 studies, ¹⁶ reported. 
Conversion rates for ER, PR, and HER2 were 19.3 percent, 
30.9 percent, and 10.3 percent, respectively. ¹⁷ showed 
similar findings in A meta-analysis of 47 studies involving 
3,384 matched primary and metastatic breast cancer cases 
and found comparable results, with median ER, PR, and 
HER2-expression discordance rates of 14 percent, 21 per-
cent, and10%, respectively.

The results suggest that the CA15-3 immunoassay in 
monitoring BC patients, especially for detecting early breast 
cancer disease in premenopausal and post-menopausal 
malignant. It is considered an immunological parameter that 
helps us to detect early cases of cancerous tumors because 
it is considered more sensitive and specific parameter than 
the rest of the immunological parameters.

In this study, serum CA15-3 had prognostic ability in 
primary early-stage and primary all-stage breast cancer pa-
tients. It's unclear why CA15-3 can predict breast cancer 
outcomes. CA15-3 is the soluble form of the (MUC1), which 
may have something to link with MUC1's function. ¹⁸. MUC1 
has been shown to help cancer cells evade the immune 
system and accelerate cancer cell motility by activating cer-
tain membrane receptors¹⁸. Serum CA15-3 demonstrated 
a lower HR in metastatic studies than in primary investiga-
tions. Cancer antigen 15–3 (CA15-3, another name known 
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Figure 1. Comparison between different groups in EGF.
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Figure 2. Compari-
son between different 
groups in HER2.

Figure 3. Compari-
son between different 
groups in CA-15-3.

Figure 4. Compari-
son between different 
groups in Acid phos-
phate.
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as MUC1) is shaded by the tumor cells and is a well-known 
serological important marker for monitoring the clinical cour-
se of BC patients. A persistent increase in the circulating 
concentration of (CA15-3) marker may indicate an inade-
quate response to cancer therapy in patients with metas-
tatic BC. However, it has poor sensitivity, particularly in the 
early stages of the disease¹⁹ CA15-3 can also be elevated 
in healthy people and patients with benign diseases, and it 
lacks the specificity required for cancer diagnosis, scree-
ning, staging, and post-therapy recurrence monitoring¹⁹.The 
cause may be that CA15-3 is tightly corrected with tumor 
burden, and in pretreated tumors, it is consistently connec-
ted with tumor characteristics that can best predict the prog-
nosis of survival²⁰. The tumor can be found at the primary 
stage in the developed countries (CA15-3), which is emplo-
yed as a predictor, may be more beneficial in developing na-
tions, and this phenomenon of region-specific tumor marker 
testing was also discovered by ²¹, though(CA15-3) seems to 
be able to assess the prognosis of the breast cancer, there 
was a lack of prospective study to clarify it, limiting its clinical 
utility. The levels of acid phosphatase increase significantly 
in premenopausal malignant M1 and post-menopausal ma-
lignant M2, and the premenopausal benign B1 and post-me-
nopausal benign B2 increased considerably compared with 
C2. In general, this is not considered an accurate indicator of 
direct invasion with cancerous tumors but rather an indirect 
or accidental indicator because it is regarded as a symptom 
associated with this tumor during its inception.

The mechanisms for increased levels of these para-
meters in malignancy include humoral mechanisms fun-
damentally mediated by the parathyroid hormone-related 
peptide (PTH-rp), osteolytic bone in the concentration of 
the (ACP) particles which characterize metastasis and in-
creased the lysosomes in the breast tumor cells²². In pla-
ces where specific biochemical measures are not widely 
available, serum levels of these biochemical parameters 
could be used instead of traditional tumor indicators²³,²⁴. 
Increased level of (ACP) activity in breast tumors may be 
correlated to the amount of apoptosis that regulates tumor 
necrosis factor (TNF) that is going on in the cells²⁴-²⁶. ACP 
is a lysosomal enzyme found in most, if not all, lysosomes. 
Lysosomal enzymes are activated during the apoptosis in 
response to hormonal and other cellular triggers (acidic pH, 
lysosomotropic agents). These enzymes have been able to 
degrade all macromolecules and, in the end, destroy the 
entire cell²⁶-²⁸.

Conclusions
We concluded from this present study that the women 

showing an increase in parameters EGF and HER2and 
CA-13 were high among malignant breast cancer compa-
red with benign breast cancer, and acid phosphatase was 
increasing in pre and post-menopausal groups among har-
mless breast cancer women.    
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