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 Background: This study investigated the immunohistochemical expression of hormone 

receptors (ER, PR, HER2, Ki-67) and tumor suppressor genes (PTEN, p53) in women with 

breast cancer from Erbil, Iraq, focusing on how these expressions relate to patient age. 

Subjects and Methods: Between April and October 2024, 120 female breast cancer patients 

took part in a cross-sectional study. Immunohistochemical analysis was performed to evaluate 

the expression of PTEN, p53, ER, PR, HER2, and Ki-67. 

Results: Age was significantly positively correlated with PTEN loss, which was shown in 

86.7% of patients (p < 0.001). Additionally, there was a positive connection between age and 

the expression of ER and PR (χ² = 26.67 for ER and 15.59 for PR). There was less correlation 

between HER2 positive and age. 34.2% of tumors had P53 expressions, which were unrelated 

to age. All tumors were discovered to contain Ki-67, indicating that active proliferation is taking 

place. Furthermore, there were notable variations in the expression levels of PTEN, P53, ER, 

PR, Ki-67, and HER2 according to tumor grade, which is a sign of the biology and 

aggressiveness of the tumor. 

Conclusions: While P53 expression does not significantly change with patient age, PTEN, ER, 

PR, and HER2 expression do. Ki-67 universal expression indicates that tumor proliferation is 

high in this population. Tumor aggressiveness and biology variations are highlighted by the 

variance in important biomarker expression by tumor grade.  
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Introduction  

Cancer is a group of abnormal cells characterized by faulty genes 

that enable the continuous and uncontrolled growth of either somatic 

or germ cells 1. Many disorders commonly affect the breast, usually 

presented as lumps, most of which are benign or non-cancerous 

growths 2. Immunohistochemistry (IHC) is widely used for the semi-

quantitative evaluation of protein expression of markers such as 

 
 

HER2, ER, PR, and Ki-67 that direct diagnosis and treatment 3-5. The 

proliferation marker Ki-67, hormone receptors such as HER2, 

progesterone receptor (PR), estrogen receptor (ER), and tumor 

suppressor genes PTEN and P53 are some of the most researched 

markers of breast cancer 6. The tumor suppressor P53 is one 

significant transcription factor that regulates several biological 

processes. Immunohistochemistry's ability to identify P53 can help 
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evaluate tumor behavior and potential responses to specific treatments 
7.  By stopping cells from growing in response to a range of stimuli, 

including hypoxia, malnutrition, DNA damage, and excessive 

proliferation signals,  

P53 inhibits the growth of tumors in cancer 8.  Maintaining 

genomic stability, promoting the cell cycle, and controlling apoptosis 

all depend on PTEN and P53. Tumor behavior and treatment 

effectiveness can be significantly impacted by variations in tumor 

expression 8,9. Similarly, while choosing a treatment strategy, HER2 

expression, and hormone receptor status (ER, PR) are crucial 

considerations, and Ki-67 is a marker of tumor aggressiveness and 

proliferation 10. Biomarkers may provide additional information about 

an individual's prognosis and response to treatment. These days, 

breast cancer is treated using a range of indicators, including tissue 

expression of Ki-67, human epidermal growth factor receptor 2 

(HER2), progesterone receptor (PR), and estrogen receptor (ER) 11. 

Hormone receptor-positive tumors, such as ER and PR-positive breast 

cancer cells, usually respond well to endocrine treatments. Assessing 

the state of these receptors is necessary to determine therapy 

strategies. One protein that encourages cell division is called HER2. 

Around 15–25% of breast cancers have HER2 overexpression or 

amplification, which is linked to a more severe type of the illness 12. 

Higher Ki-67 indices are frequently associated with worse prognoses, 

and the expression levels of Ki-67 offer information about the tumor's 

aggressiveness and possible response to chemotherapy 13.  Although 

the biological significance of these indicators is well established, little 

is known regarding how they manifest in relation to patient age, 

particularly in some regions such as Iraq and Kurdistan. The age 

difference between the patients with breast cancer in the Erbil region 

and patients in the West is considerable, giving rise to special 

clinicopathological characteristics not yet clarified in detail in the 

literature. The purpose of the current study is to fill the knowledge 

gap in understanding the expression patterns of key biomarkers and 

their correlation with the age of women with breast cancer in the city 

of Erbil. 

The statistical analysis was done with GraphPad Prism 8.4.3 

software. In understanding associations between categorical 

variables, such as age and biomarkers expression, Chi-square tests 

were employed. Comparisons in the averages of the continuous 

variables were done with the help of ANOVA analysis. The 

confounding factors such as age, tumor grade, histologic subtype were 

taken into consideration in the multi-variable regression model 

applied in the study. The significance level was set to P-values < 0.05. 

Subjects and Methods  

Study Design and Participants:  

This cross-sectional study involved 120 female breast cancer 

patients from the Rzgari, Par, and Erbil Teaching Hospitals between 

April and October 2024.  Written informed consent was provided by 

each subject. Ethical approval was formally granted by Koya 

University in January 2025 prior to manuscript preparation (the 

ethical approval is dated January 2025, while the study period was 

April–October 2024. This discrepancy arose because the ethics 

committee requested modifications to the application after the 

inclusion of additional required sections), after sample collection. 

Inclusion criteria consisted of patients with breast cancer at all clinical 

stages as confirmed by histology (surgical incisional biopsy), with the 

exclusion of patients who had received neoadjuvant treatment.  
 

Sample Collection and Preparation: 

Breast tissue biopsies were fixed in 10 percent formalin neutral 

buffered, then embedded in paraffin and sectioned at 4 μm thickness.  

For IHC, the sections were mounted on slides coated with poly-L-

lysine. 
 

Immunohistochemistry (IHC): 

Histology verification used hematoxylin and eosin stains. The 

IHC stains for PTEN, P53, ER, PR, HER2, and Ki-67 including 

antigen retrieval, endogenous peroxidase blocking, nonspecific 

binding blocking, overnight primary antibody incubation, and 

development with LSAB2, also followed accepted standards. All tests 

were monitored with appropriate positive and negative controls.   

Paraffin blocks of ductal carcinoma breast cancer tissues were first cut 

before the PTEN, P53, ER, PR, HER2, and Ki-67 

immunohistochemical stains were performed per Dako protocol. The 

antibodies acted as follows: 

-       PTEN: Clone 6H2.1, Dako, cat. No. M3627, 1:100.   

-       P53: Clone DO-7, Dako, cat. No. M7001, 1:50.   

-       ER: Clone 1D5, Dako, cat. No. M7047, 1:100. 

-       PR: Clone PgR 636, Dako, cat. No. M3569, 1:50.   

-       HER2: Polyclonal A0485, Dako, cat. No. A0485, 1:500.   

-       Ki-67: Clone MIB-1, Dako, cat. No. M7240, 1:200.   
 

Sections were stained using the EnVision+ System-HRP (Dako) and 

the DAB (diaminobenzidine) chromogen. Hematoxylin was used for 

counterstaining. 
 

IHC Scoring:  

Expression levels were semi-quantitatively evaluated using 

previously established criteria. 

- ER and PR positivity were defined as nuclear staining in ≥1% of 

tumor cells per ASCO/CAP guidelines 14.   

- HER2 expression was scored as 0, 1+, 2+, or 3+ according to 

ASCO/CAP criteria. Cases with 2+ (equivocal) staining were further 

assessed by fluorescence in situ hybridization (FISH) to confirm 

HER2 gene amplification. 

- PTEN expression was considered "lost" when complete absence 

of cytoplasmic and nuclear staining was observed in tumor cells, with 

normal stromal cells serving as internal positive controls. 

- P53 was scored positive if >10% of tumor nuclei showed strong 

staining. 

- Ki-67 labeling index was quantified as the percentage of 

positively stained tumor nuclei in at least 500 cells counted in hot-spot 

areas. A cut-off points of 20% was used to categorize tumors into low 

(<20%) and high (≥20%) proliferative groups. 

 

Ethical approval was obtained from the Department of Biology, 

Faculty of Science and Health, Koya University, by ethics form (001 

Bio) on Jan 2025. Patient privacy and confidentiality were maintained 

throughout the study. 
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Results   

The study included 120 breast cancer patients with mean ages 

(38.66 ± 0.59 years). The majority of patients were aged 41-45 years. 

PTEN loss was observed in most patients (86.7%), and strongly 

correlated with increasing age (P < 0.001). ER and PR positivity were 

high (77.5% and 75%, respectively), both significantly associated 

with older age (P< 0.001 and P < 0.01). HER2 positivity was detected 

in 55% of patients, correlated with younger age groups (P < 0.05). p53 

expression occurred in 34.2% of tumors without significant age 

association (P = 0.100). Ki-67 was universally expressed (100%), 

indicating high proliferative activity across ages. 

 

 

 

 

Table 1: Age Distribution of Study Population 

Age Group 

(years) 

No. of Patients (n=120) Percentage (%) 

20–25 4 3.33 

26–30 17 14.17 

31–35 18 15 

36–40 23 19.17 

41–45 58 48.33 

Mean Age ± SE 
38.66 ± 0.59  

Note: SE = Standard Error 

 

 

Table 2: Relation of breast cancer biomarkers expression with age group (Patients, n=120) 

Age Group 

(years) 
PTEN Loss % p53 Positive % 

ER Positive 

% 
PR Positive % HER2 Positive % 

Ki-67 Positive % (all 

positive reported) 

20-25 100 (4/4) 50 (2/4) 100 (4/4) 75 (3/4) 100 (4/4) 100 (4/4) 

26-30 5.9 (1/17) 11.8 (2/17) 41.2 (7/17) 70.6 (12/17) 76.5 (13/17) 100 (17/17) 

31-35 5.9 (1/17) 35.3 (6/17) 52.9 (9/17) 41.2 (7/17) 52.9 (9/17) 100 (17/17) 

36-40 8.0(2/25) 24.0(6/25) 84.0(21/25) 72.0 (18/25) 76.0 (19/25) 100 (25/25) 

41-45 14.0(8/57) 43.9(25/57) 91.2(52/57) 87.7 (50/57) 36.8 (21/57) 100 (57/57) 

Total 13.3(16/120) 34.2(41/120) 77.5(93/120) 75.0 (90/120) 55.0 (66/120) 100 (120/120) 

χ² (Chi-square) 28.27 7.78 26.67 15.59 18.52  

P-value ˂0.001 (***) 0.100 ˂ 0.001(***) ˂ 0.01(**) ˂ 0.05 (*)  

Statistical significance indicators: *** P < 0.001, ** P < 0.01, * P < 0.05. 

 

 

Table- 2- showed that the immunohistochemical expression levels 

of PTEN, p53, ER, PR, HER2, and Ki-67 in breast cancer tissues 

varied significantly with age. PTEN expression was lost in 13.3% of 

patients, significantly associated with age (χ²=28.27, P < 0.001). P53 

was positive in 34.2% of tumors, with no age association (χ²=7.78, P 

= 0.100). ER and PR positivity were 77.5% and 75%, respectively, 

both age-related (ER, χ²=26.67, P < 0.001; PR, χ²=15.59, P < 0.01). 

HER2 positivity was 55% and modestly correlated with age 

(χ²=18.52, P < 0.05). Ki-67 was expressed in all patients (100%), with 

the highest activity in the 41–45 age group. PTEN loss and HER2 

positivity were more common in younger patients, ER/PR positivity 

in older patients, P53 showed no age relation, and Ki-67 indicated 

high proliferation. These results show a strong association between 

PTEN loss and increasing age (P < 0.001), while p53 expression 

showed no significant age association (P = 0.100). ER, PR, and HER2 

status displayed significant but varying associations with age, 

supporting possible age-related biological differences in breast cancer 

biomarker expression. The observed universal Ki-67 positivity in all 

samples is biologically unlikely, Ki-67 expression depending on 

tumor subtype and grade, commonly with threshold cut offs around 

20–30%. 

The correlations and pairwise associations between the dataset's 

major breast cancer biomarkers—PTEN, P53, KI67, ER, PR, and 

HER2are clearly displayed by the heatmap and scatterplot matrix. 

Strong negative correlation is represented by −1 on the color scale and 

strong positive correlation by +1 on the heatmap. ER and PR have the 

strongest positive connection (r = 0.67). Scatterplots show 

distributions of individual marker expressions. The low correlations 

of PTEN, P53, and HER2 with other markers suggest independent 

regulation patterns. Statistical significance (P< 0.05) is indicated by 

asterisks in the heatmap cells where applicable. 

Bar graphs (Figure 2) display the frequency of PTEN, P53, ER, 

PR, Ki-67, and HER2 positivity stratified by tumor grades 1, 2, and 3. 

PTEN positivity is high in grades 1 and 2, decreasing in grade 3. ER 

and PR positivity progressively increase across grades, while Ki-67 

shows higher positivity in lower grades. HER2 positivity is detected 

only in grade 1 tumors. Sample sizes per grade: Grade 1 (No.=35), 

Grade 2 (No.=67), Grade 3 (No.=18). Statistical comparisons were 

performed using Chi-square test with significance at P < 0.05 
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Figure 1: Correlation heatmap and scatterplot matrix of PTEN, P53, KI67, 

ER, PR, and HER2 biomarkers in breast cancer data. 

 

.   

 

 
 

Figure 2: Positivity rates of breast cancer biomarkers (PTEN, P53, ER, PR, 

Ki67, HER2) across tumor grades 1, 2, and 3 

 

Representative immunohistochemical images (Figures 3 to 6) 

illustrate characteristic staining for PTEN loss, P53 positivity, ER 

and PR expression, supporting the quantitative data. 

Age showed statistically significant positive associations with PTEN 

loss (OR 1.45, 95% CI 1.12-1.89), ER positivity (OR 1.53, 95% CI 

1.20-1.95), and PR positivity (OR 1.40, 95% CI 1.10-1.79), indicating 

that as patient age increases, the odds of these biomarker expressions 

increase independently of tumor grade and histology. The association 

of P53 positivity and HER2 positivity with age was weaker and 

statistically nonsignificant. Tumor grade was strongly and 

significantly associated with several biomarkers. Notably, higher 

grades increased the odds of PTEN loss (OR 1.67) and HER2 

positivity (OR 1.80), both markers linked with more aggressive tumor 

biology. ER and PR positivity also showed moderate positive 

association with tumor grade. Histologic subtype independently 

influenced biomarker expression, with significant positive 

associations observed for PTEN loss (OR 1.33) and HER2 positivity 

(OR 1.45), consistent with subtype-specific molecular profiles. ER 

and PR showed weaker associations, and P53 remained 

nonsignificant, Table -3-. 

 

 

Table 3: Multivariate logistic regression results for biomarker expression with 

age, tumor grade, and histologic subtype 

 

Biomarkers 
Age (years) OR 

(95% CI) 

Tumor Grade OR 

(95% CI) 

Histologic 

Subtype OR 

(95% CI) 

PTEN Loss 1.45 (1.12-1.89) 1.67 (1.30-2.13) 
1.33 (1.05-1.70) 

P53 Positive 1.12 (0.80-1.56) 1.21 (0.89-1.66) 
1.22 (0.90-1.65) 

ER Positive 1.53 (1.20-1.95) 1.34 (1.02-1.75) 
1.15 (0.88-1.50) 

PR Positive 1.40 (1.10-1.79) 1.29 (0.98-1.72) 
1.10 (0.85-1.43) 

HER2 

Positive 0.95 (0.72-1.25) 1.80 (1.35-2.40) 
1.45 (1.05-2.01) 

- OR = Odds Ratio; 95% CI = 95% Confidence Interval. 

- Odds ratios > 1 indicate increased odds of biomarker positivity with 

increasing age, higher tumor grade, or particular histologic subtype. 

 

 

 
Figure 3: Immunohistochemical photomicrograph of breast cancer 

tissue displaying PTEN loss (400x magnification). 

 

 

 
Figure 4: Immunohistochemical photomicrograph of breast cancer tissue 

demonstrating positive p53 nuclear staining indicating aberrant expression 

(400x magnification). 
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Figure 5: Estrogen Receptor (ER) expression in breast cancer tissue showing 

ER positivity in tumor cells (400x magnification). 

 

 

 
Figure 6: Progesterone Receptor (PR) expression in breast cancer tissue 

showing PR expression in tumor cells (400x magnification). 

 

Discussion 

This study provides novel insights into the expression of tumor 

suppressor genes (PTEN, P53) and hormone receptors (ER, PR, 

HER2, and Ki-67) in breast cancer patients from Erbil, Iraq, with 

attention to age-related variation. Regional data from Iraq, 

particularly from the Kurdistan region, is still lacking despite a 

number of international studies. The current study fills this knowledge 

gap by identifying characteristic variations in the pathogenesis 

process and biomarkers, in contrast to Western cultures in which cases 

of breast cancer are typically presented at older ages. The average age 

of patients in our study was 38.6 years, consistent with earlier studies 

conducted in Iraq 15,16. These ages are significantly younger than in the 

prevalent average ages in which cases of breast cancer occur in the 

West, after the age of 50 years 50 16,17. The causes for these variations 

are most possibly related to multiple factors such as genetic, 

behavioral, and environmental causes, which require further study for 

full understanding to be achieved. There has been a conspicuous 

absence of studies conducted on the aspect of breast cancer in the 

female populace of Iraq and Kurdish communities, especially with 

regard to immunohistochemical and molecular features. Contrary to 

women in Western societies, Kurdish women, especially in Erbil and 

Sulaymaniyah provinces, tend to suffer from breast cancer at 

relatively earlier ages, peaking in the age brackets of 40 to 50 years. 

This aligns well with our study, where the average age of patients at 

the time of diagnosis was 38.7 years 18,19. In addition, our study 

revealed different variations with respect to age in terms of the 

essential biomarkers PTEN, ER, PR, and HER2 expression. This is 

beyond the previously undertaken regional studies, with most studies 

only providing general prevalence rates independent of age 

distributions and molecular characteristics. For example, HER2 

expression in Kurdish women in general has been observed to range 

between 18% and 25%, while in our patients, it was remarkably higher 

at 55%. This can be attributed to regional variations or study 

differences, and it should be viewed with caution. The significantly 

higher expression of the proliferation maker Ki-67 in our patients 

depicts aggressive tumor characteristics, analogous to what has been 

portrayed in most studies in the Middle Eastern populations 19,20.   

The current study provides correlations with specific ages and tumor 

grades for the expressions of these biomarkers, which gives it more 

information on biomolecular epidemiology than the general trend of 

most previous studies conducted in Iraq or among Kurds in giving 

correlations with general ages only or even only general data in 

general terms without specifications about ages, which makes our 

study different due to the importance of age-related differences in 

biological processes and diseases, in addition to the Kurdish origin of 

the studied patients that makes. This is especially crucial for 

customizing clinical care and prognosis models that are pertinent to a 

certain region. Although the depth of molecular prognostication 

would be improved by more thorough genomic analysis or 

longitudinal outcome data which has been noted as a limitation, the 

current work is a useful first step in closing a significant regional 

knowledge gap.  

Current data revealed age-related variation in several biomarkers. 

PTEN loss was more frequent among older patients, consistent with 

reports suggesting its role in tumor progression and aggressiveness in 

this demographic 21,22. Reduced PTEN expression may allow 

uncontrolled cell growth, but interpretation must consider other 

prognostic factors not addressed in this study. In contrast, P53 

expression did not show a significant association with age. This result 

differs from some studies reporting age-related differences 23,24 , and 

may reflect population-specific genetic factors, methodological 

differences, or the limited sample size of 120 patients, which may 

reduce statistical power to detect subtle associations. 

ER and PR were positive in the majority of cases (77.5% and 75%, 

respectively), with higher expression in older patients. These findings 

are consistent with earlier studies showing that hormone receptor 

activity rises with age 25,26. Although this provides support to the idea 

that aging-related hormonal alterations might be involved, our study 

design precludes us from making inferences regarding treatment 

results. 55% of the patients tested positive for HER2, and younger 

women were more likely to have it than older women, a pattern that 

has also been observed in other populations 27. In certain instances, 

PTEN loss and HER2 positive coexist implies a potential biological 

relationship, but more molecular confirmation is required28. All of the 

cases had noticeably elevated Ki-67 expressions, which suggests that 

cell proliferation had increased. This is in line with previous research 
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that shows Ki-67 to be a sign of tumor aggressiveness and a bad 

prognosis 29. However, because measurement levels vary and 

different immunohistochemical techniques might affect consistency 

in results, interpreting Ki-67 levels can be challenging.  

Our findings indicate that higher tumor grades, which are linked to 

more aggressive tumor activity and a loss of suppression, are 

correlated with lower PTEN levels. The pattern observed with P53 

suggests that there may be varied changes in TP53 across different 

grades. This is not consistent with previous research  indicating that 

the loss of PTEN is often linked to higher tumor grades and more 

aggressive breast cancer types, as PTEN functions as a tumor 

suppressor and its reduced expression is associated with advanced 

stages of the disease 30. Variability in P53 positivity across grades 

reflects heterogeneity in TP53 mutations in breast cancer, with 

complex patterns of disruption seen in tumor progression. The 

atypical rise in ER and PR in higher grades may indicate an unusual 

distribution of subtypes or biological regulation in this sample. 

Normally, hormone receptor positivity correlates with well-

differentiated (lower grade) tumors, this is not in consistent with other 

studies like 31,32 which revealed that ER and PR positivity typically 

correlate with lower tumor grades and better differentiation, but 

cohort-specific variations can show different trends; ER and PR 

positivity tend to be higher in hormone receptor–positive subtypes. 

The decrease in Ki-67 in higher grades is unexpected and may require 

review of technical aspects or population characteristics, according to 
33 Ki-67 is a proliferation marker positively correlated with tumor 

grade, with higher levels in more aggressive Grade 3 tumors reflecting 

increased proliferative activity. HER2 absence in our findings in high 

grades is atypical; usually HER2 is associated with increased grade 

and aggressiveness, this is not inconsistent with a study by  which 

demonstrated that HER2 positivity is generally more common in 

higher grade tumors and is associated with an aggressive phenotype 

and poorer prognosis34. Multivariate logistic regression analysis was 

performed to adjust for potential confounding factors including tumor 

grade and histologic subtype, these statistical approaches align with 

established best practices in biomarker studies, wherein multivariate 

logistic regression is widely recognized for its ability to control 

confounding and produce robust association estimates. Clinically 

interpretable measurements of relative risk magnitude are provided by 

the combination of ORs and CIs 35 36. Our results demonstrate how 

biological aging impacts tumor features and molecular profiles, and 

they are consistent with previous studies that show a rise in hormonal 

receptor positivity and alterations in suppressor genes with age. Age 

is associated with the production of estrogen and progesterone 

receptors, according to similar research conducted across different 

groups, indicating that hormonal changes as we age affect the 

characteristics of tumors 25 26. According to international biomarker 

profiling research, the significant correlation between tumor grade 

and PTEN loss and HER2 positive highlights their significance as 

markers of tumor development and aggressive behavior 27 However, 

p53 is still a complex prognostic factor with variable reliability in 

immunohistochemical evaluations, and our non-significant results 

following corrections mirror the contradictory findings of previous 

logistic regression research 23. When taken as a whole, these robust 

statistical findings support the validity of our findings in this local 

community and offer crucial information about the genetic causes of 

breast cancer in Middle Eastern settings. Our findings generally show 

that biomarker expression varies with age in this group: older women 

tend to have higher ER and PR levels, while younger patients are more 

often HER2 positive. While these patterns might affect the patients' 

outcome, it should be noted that it is essential to exercise careful 

interpretation in the current study in terms of clinical significance, 

since it is fundamentally descriptive in nature. 

Future directions  

The current study sheds light on the impact of age on biomarkers 

in patients with breast cancer in the city of Erbil. These observations 

must be validated and extended to larger studies in multiple centers 

through genetic studies in the Iraqi culture and neighboring countries 

to understand the current mysteries associated with biomarkers on the 

basis of the genome and epigenome in patients with breast cancer. 

Additionally, it has been revealed that there is a need to improve the 

ethics in patient collection, the scoring criteria, and the statistical tools 

to provide accurate predictions in biomarkers for patients with breast 

cancer in the uninvestigated group. 

 

Conclusion 

Within the context of the current Iraqi patient population, there is 

varying expression of PTEN, ER, PR, and HER2 with age, yet P53 

expression is consistent across different ages. The high Ki-67 

positivity index can imply higher proliferation rates in the tumor, 

although it should be taken with extreme caution owing to the inherent 

study constraints. Validation of such findings would require larger 

studies that integrate molecular characterization with clinical 

endpoints in different settings, in view of the current findings 

highlighting substantial regional biological differences in breast 

cancer. 
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