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Abstract

Background: Trastuzumab is a human monoclonal antibody, an anti-HER2
antibody that binds to the HER2 receptors and suppresses downstream signalling
pathways of HER2-positive breast cancer. The genetic variant of the FCGR3A
protein is the rs396991, which is a SNP in the FCGR3A gene, and the protein is
a Fc gamma receptor.

Purpose: The overall objective of the study is to investigate the impact of the
mutation of FCGR3A gene, which is the rs396991, on the efficacy of trastuzumab.
Methods: This is a cross-sectional observational study which involved 100 Iragi
women who are diagnosed with HER2-positive breast cancer, and receiving
trastuzumab treatment. Genotyping of the SNP rs396991 SNP was done using
AS-PCR. The response of treatment was determined by measuring serum levels
of the tumor marker CA 15-3.

Results: The frequency of the studied cohort genotyping of the genotyped
genotype of the exon deletion (rs396991) was 28 (wild type), 61 (heterozygous),
and 11 (homozygous variant). The frequencies of genotypes were not in the
Hardy-Weinberg equilibrium (P < 0.0104). Analyzing the levels of CA 15-3 no
statistically significant differences were found among the rs396991 genotypes (p
= 0.431). There was no significant relationship between CA 15-3 levels and
disease and duration of treatment.

Conclusion: this study suggests that the genetic polymorphism of rs396991 in the
FCGR3A gene variability is distributed among breast cancer patients. At the same
time, there is no variation in the tumor marker level, indicating that there is no
need to modify the prescription guideline for trastuzumab. Similarly, CA 15-3
levels were not associated with disease or treatment duration in this cohort.
Further studies with larger sample sizes may fully elucidate the impact of this
genetic variant on trastuzumab efficacy.
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1. Introduction

Breast cancer is the most common cancer among women globally, accounting for approximately 30% of all new cancer
types in females. It is also the second leading cause of mortality in women, responsible for 15% of all cancer deaths (SN, AS,
and MAA, 2022). A complex interplay of internal and external factors influences the development and occurrence of breast
cancer. The prevalence of it is influenced by unhealthy lifestyle habits, environmental exposures, and social-psychological
factors. Although genetic mutations and a family history explain 5 percent to 10 percent of breast cancer incidences, 20 percent
to 30 percent of incidences are caused by factors that can be modified. (Obeagu & Obeagu, 2024). Breast cancer being the
most commonly diagnosed cancer among women all over the world has superseded lung cancer as the most common cancer.
It is estimated that more than two million new cases will be reported around the world. By 2020, 685,000 women died of breast
cancer which is about 16 percent or one in every six deaths among all female cancer patients. (Arnold et al., 2022). (Like most
other types of cancer, advanced age is one of the main predisposing factors of breast cancer among women. Reproductive
hormones affect breast tissue depending on various modifiable factors such as protracted postmenopausal hormone therapy,
obesity, and lack of exercise. Reproductive factors, including an early menarche, late menopause, nulliparity, giving birth after
30 years of age, and use of hormonal contraception, also put women at risk. Moreover, a known risk determinant is a personal
or family history of breast cancer. (Osei-Afriyie et al., 2021).

Trastuzumab is a monoclonal antibody (mAb) that is humanised and was produced in the early to mid-1990s. It specifically
interacts with the extracellular domain of the HER2 receptor and hence inhibits downstream signalling pathways. In 1998, the
U.S. Food and Drug Administration (FDA) gave its approval to trastuzumab as an adjuvant therapy to use against HER2-
positive breast cancer as a first-line therapy. (Najjar et al., 2022). The therapeutic effects of trastuzumab take place in a number
of ways: Antibody-Dependent Cellular Cytotoxicity (ADCC)-Activation Trastuzumab-induced ADDC is the recruitment and
activation of immune effecter cells, including Natural Killer (NK) cells, in response to the Fc region of the antibody complex
used on tumor cells. Developments to improve NK cell operations, alteration of the antibody itself or by isolating certain
proteins (e.g., caspase, CD112R, Histone deacetylase (HDAC)) can amplify ADDC. (Nami, Maadi, & Wang, 2018).
Trastuzumab has the ability to suppress the PI3K/Akt and MAPK signaling. This inhibition stops cell proliferation and growth
causing cell cycle arrest. Trastuzumab is also reported to inhibit the dimerization of Her2, thus leading to the inhibition of Akt
phosphorylation and the overall HER2 activity. (Claret & Vu, 2012).

Trastuzumab interferes with the cellular DNA repair process by inhibiting HER2 signaling pathways, which is one of the factors
that affect its anti-tumor effect. (Li et al., 2023). Changes in the amino acid changes of the coding sequences caused by SNPs
(single-nucleotide polymorphism), which are alterations to one base in a gene that occur at a considerable frequency (usually,
above 1 percent) in a population, can cause change(s) in protein functions. The clinical importance of SNPs in the fcgr3a and
fcgr2a genes is because they have been clinically proven to be associated with the response to therapeutic monoclonal
antibodies. Identifying genetic markers that predict trastuzumab response is a promising area, with most pharmacogenomic
research on trastuzumab focusing on Fc gamma receptor polymorphisms (Mellor et al., 2013). The polymorphisms of FCGR
are changes in genes at the locus of coding the various FCGR proteins including FCGR1A, FCGR2A, FCGR2B, FCGR2C,
FCGR3A and FCGR3B.Such changes include copy number variants (CNVs) and SNPs that have the capability to alter ligand
binding properties. These polymorphisms can therefore modify the activity of the receptors, affect the level of expression of

the receptors, and the intensity of immune responses, especially in the treatment of mAb-based therapy. (Twomey, George, and
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Zhang, 2025). The FCGR3A gene is pivotal in antibody-dependent cell-mediated cytotoxicity (ADCC), and this is one of the
most common mechanisms of trastuzumab action. The SNP in the FCGR3A that leads to the amino acid mutation position 158
is non-synonymous (rs396991) with the phenylalanine replaced by valine. This particular form can have a great influence on
the binding affinity of the receptor to immunoglobulin G (IgG) and, hence, the efficacy of monoclonal antibody therapies such
as trastuzumab. (Hertz, McLeod, and Hoskins, 2009b). This study aimed to Identifying genotype distribution of rs396991 (GG,
GT, TT) in the study population. Measuring the serum levels of CA 15-3 across different rs396991 genotypes to assess the

potential effect of this genetic variant on response to trastuzumab.
2. Patients, Materials, and Methods

2.1. Study Design and Participants

This cross-sectional observational study was conducted over one year, from August 2024 to August 2025. A total of 100 Iraqi
women diagnosed with her2 positive type of breast cancer , who were undergoing trastuzumab as a monotherapy, were enrolled.
Participants were recruited from several medical facilities across Iraq, including the Oncology Centre at the Imam Al-Hussien
Centre for Haematology and Oncology, Imam Al-Hassan Al-Mujtaba Teaching Hospital in Karbala Governorate. Ethical
approval for the study was obtained from the Scientific Committee of the College of Pharmacy, University of Kerbala. All
participants provided informed consent after being thoroughly briefed on the study's objectives and design.

2.2. Sample Collection and Processing

1. 2ml of blood used for DNA extraction.

2. The remaining 3 mL of blood was centrifuged for about 10 minutes at a suitable speed (e.g., 3000 rpm). The biochemical
levels of important parameters, such as CA 15-3, which aid in determining the effectiveness of trastuzumab.

2.3. Clinical Data Collection

Comprehensive information about the clinical profiles and cancer history of the participants was also collected. Their diagnosis
date, weight, age, family history, number of birth contractions, use of contraception, breastfeeding or bottle feeding, type of
surgery (mastectomy or breast-conserving), use of adjuvant therapies, HER-2 receptor status (weak or strong positive), cancer
stage and grading, presence of other diseases, use of different medications, date of breast cancer treatment, date trastuzumab
was started.

2.4. Genetic Analysis

For genetic analysis, the allele-specific PCR (AS-PCR) method was employed. This technique depends on the creation of
primers that can distinguish between the target (wild-type) and mutant (variant) alleles.

2.4.1. Primer Design

Primer design obtained by previous research (Liu et al., 2019). As shown in Tablel.

Tablel: primer sequences by fcgr3a gene (rs396991) (Liu et al., 2019)

Primer Type Primer Sequence (5’->3’) Primer Size (bp)
Reverse allele G TACTTCTGCAGGGGGCTTG 19mer
Reverse allele T TACTTCTGCAGGGGGCTTT 19mer

Forward allele | CAACTCAACTTCCCAGTGTGAT 22mer
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2.4.2. PCR Mixture and Conditions

The pcr conditions employed in Table2 and Table3.
Table2: PCR Mixture for Genotyping of FCGR3A(G>T) (rs396991) Genetic Polymorphism

Components Volumes (ul)
Forward primer 2
Reverse allele G 2
Reverse allele T 2

DNA template 3

Nuclease-free water 11
Pre-mix 5
Total 25

Table3: PCR Conditions for Genotyping of FCGR3A (G>T) (rs396991) Genetic Polymorphism

Steps Temperature (°C) | Time (Minutes: Seconds) | Cycles
Initial denaturation 95 5:00 1
Denaturation 94 0:25 35
Annealing 58 0:25
Extension 72 1:00
Final extension 72 5:00 1

PCR products were analysed through 2% agarose gel electrophoresis, which revealed bands at 174 bp, as seen in Fig.1.

1 12233 4 45 5 667 7 8:8 9.9 101011 11
MGTGTGTOGTOGTO GTOGTOGTGTGTGT

Figurel: Gel Electrophoresis Image Showed the rs396991 Variation, Line M is the
DNA ladder, the Individual Samples are in lines 1-11. The band at 174 base pairs
Indicates the T allele.
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2.5 Biomarker Analysis
A chemical analyser was employed to determine the levels of CA 15-3 in the collected serum samples.
2.6. Statistical analysis

An independent t-test was used to compare continuous variables between two groups, and a one-way ANOVA test was used
for comparisons among three or more groups. The Hardy-Weinberg equilibrium (HWE) was assessed using a chi-square (X?)
test. A p-value of < 0.05 was considered statistically significant. Results are presented as mean + standard deviation (SD).

3. Results

3.1 Biomarkers According to Disease Duration

Fig.2. shows a comparison of CA 15-3 levels in patients categorised by disease duration (1-2 years vs. 3-5 years). The study

included 100 patients, and an independent t-test was used to assess statistical significance.

Note: An Independent t-test was used (a significant p-value of less than 0.05). Results are presented as mean + SD. The mean
CA 15-3 levels were slightly higher in the 1-2-year disease duration group (17.17 £ 9.96 U/ml) compared to the 3-5-year group
(16.38 £ 9.10 U/ml). However, the p-value of 0.790 indicates no statistically significant difference, suggesting that disease
duration does not significantly influence CA 15-3 levels in this patient population.

CA15-3 U/ml

20
18 17.17 16.38

16
14
12
10

9.96

0.79

—
Mean Standard Deviation (SD) P Value

m(1-2) Year m(3-5) Year

OoON B~ O

Figure2: Description of Biomarkers of The Studied Patients According To
Duration Of Disease (Years). (N=100)
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3.2 Biomarkers According to Treatment Duration
Fig.3 shows the analysis of CA 15-3 levels in relation to the duration of trastuzumab treatment. The data includes CA 15-3
measurements across two treatment duration groups: 3-10 months and 11-18 months. Mean values, standard deviations (SD),

and p-values from an independent t-test are reported.

CA 15-3 U/ml
18 10.5 16.18
16
14
12 10.25
10
8
6
4
2 0.584 o
0 E—
Mean Standard Deviation (SD) P Value
m (3-10) Months m(11-18) Months

Figure3: Description of Biomarkers of the Studied Patients According to Duration of Treatment (months) (n=100).
Note: An Independent t-test (a significant p-value of less than 0.05). Results are presented as mean + SD. The average
CA 15-3 patients with 3-10 months treatment were 16.80 = 10.25 U/ml and the patients with 11-18 months treatment

were 18.18 + 7.77 U/ml. The p-value of 0.584 reveals that there is no statistically significant difference between the levels
of CA 15-3 of the two treatment duration groups, and hence it can be concluded that the duration of treatment has no

significant effects on the level of CA 15-3 in this cohort.

3.3. Distribution of Genotypes

Fig.4 shows the frequency of the genotypes of the patient cohort of the rs396991 locus. The genotype of morbidity of the
rs396991 polymorphism had 3 genotypes namely; GG (wild type) in 28% patients, GT (heterozygous), and TT (homozygous
variant) in 61 and 11 percent patients respectively. The most dominant was the GT heterozygous genotype (61%), and the least
common was the TT homozygous (11%). Wild-type GG genotype existed in 28% of the patients. Such a distribution can be an

indicator of a balanced polymorphism in the population.
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70%
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Figured: Distribution of Gene Polymorphism, N=100

3.4. Laboratory Biomarker According to Genetic Variant rs396991

Table4 Description of laboratory biomarker of the studied patients according to genetic variant rs396991 (n=100). The mean
levels of CA 15-3 were 15.13 + 8.41 U/ml in the GG group, 18.03 £ 10.80 U/ml in the GT group, and 16.61 + 6.73 U/ml in the
TT group. The p-value of 0.431 indicates no statistically significant difference in CA 15-3 levels across the genotypes,
suggesting that the rs396991 variant does not significantly influence CA 15-3 expression in this patient population.

Tabled: Presents the Mean CA 15-3 Levels Categorised by The Rs396991 Genetic Variant
(GG, GT, And TT Genotypes). A One-Way ANOVA Test Was Used for Comparison.
Parameter GG GT T P Value
CA 15-3 U/ml 15.13+8.41 18.03 + 10.80 16.61 £ 6.73 0.431
Results are presented as mean + standard deviation (SD).

3.5 Hardy-Weinberg Equilibrium

Table5 Hardy—Weinberg equilibrium for rs396991 in patients. The observed genotype frequencies for rs396991 were GG: 28
(28%), GT: 61 (61%), and TT: 11 (11%). The expected genotype frequencies under HWE were calculated as GG: 34.22
(34.22%), GT: 48.55 (48.55%), and TT: 17.22 (17.22%). The allele frequencies were G allele: 117 (58.5%) and T allele: 83
(41.5%). A chi-square (X?) test comparing observed and expected frequencies yielded X2 = 6.5693 with a P-value = 0.0104.
Since the p-value is less than 0.05, there is a statistically significant deviation from the Hardy-Weinberg equilibrium, suggesting
that the observed genotype frequencies differ from what would be expected under random mating and the absence of

evolutionary forces.
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Table5: Shows the Observed and Expected Genotype Frequencies for rs396991, Along with
The Results of The Hardy-Weinberg Equilibrium (HWE) Test.

Variable | Genotype | Observed | Expected | Percent | Alleles Hardy-Weinberg Equilibrium X2 Test
GG wild 28 34.22 28% GT

rs396991 | GT hetero 61 48.55 61% )
TT homo 11 17.22 11% X?=6.5693, P < 00104

Total 100

Note: The table summarizes the genotype distribution for rs396991 in patients, including observed and expected
frequencies, percentages, and results of the Hardy—Weinberg equilibrium test.

4. Discussion

Cancer Antigen 15-3 (CA 15-3) is a crucial biomarker in breast cancer management, particularly in monitoring the disease
progression as well as determining treatment efficacy, particularly in metastasis disease. (Ryu et al., 2023).CA 15-3 is a
glycoprotein synthesized by the MUC1 gene and released into the blood in case of cell degradation of the breast. (Fu & Li,
2016). Table4 shows that the difference in CA 15-3 levels between the patients of various durations of the disease (1-2 years
and 3-5 years) was not statistically significant (p = 0.790). This implies that the duration of the illness does not affect CA 15-3
levels significantly. The fact that there is no direct correlation between the CA 15-3 level and the duration of the disease can
be attributed to several reasons. Indicatively, the CA 15-3 is normally elevated in patients who have larger tumors or more
advanced metastatic disease, particularly in the liver and the bones. Moreover, not every breast cancer will show CA 15-3, and
some of the cancers, especially those at an early stage, might not release measurable amounts of the marker. (Nieder et al.,
2017). The levels of CA 15-3 can also be used to inform the adjuvant treatment strategies because it could be an indicator of
high potential recurrence risk. Thus, CA 15-3 is not an instrument that should be employed in the initial diagnosis but it is a
useful tool to reflect the tumor burden, determine the outcomes of the patient, and make decisions about his or her treatment
(Park et al., 2008). The length of treatment also affects the level of interpretation of CA 15-3, which is an important sign of
determining the progress of the disease and how effective the treatment is in the breast cancer patient. The time of high CA 15-
3 levels may dictate the need to change treatment as it can be the signs of metastasis or recurrence. Depending on the degree
of breast cancer, the levels of CA 15-3 can vary and may be augmented with the enlargement of the tumor. In patients who
have undergone chemotherapy, a temporary increase, or so-called flaring, of CA 15-3 (125 percent above baseline), which is
linked to high risk of disease progression, was observed. It is important to interpret the initial increase in CA 15-3 levels during
the first four to six weeks of new therapy carefully because it may be a false elevation. A subsequent decline in CA 15-3 levels
could indicate that an early cancellation or change of chemotherapy regimen was unwarranted. Therefore, CA 15-3 is an
important protein that can be used to monitor the treatment of breast cancer particularly at the advanced stage, and it also
depends on the treatment regimen used and the clinical staging of the patient. Although usually a response to treatment,
temporary increases are to be viewed with discretion. (Hasan, 2022). Previous studies have shown that in patients with non-
metastatic breast cancer, serum CA 15-3 concentration significantly decreases from pre-operative to post-operative periods.
However, these levels can significantly increase from pre-operative and post-operative periods to one year following follow-
up. This suggests that serum CA 15-3 concentration can evaluate and monitor the effectiveness of breast cancer treatment in
both metastatic and non-metastatic cases. An increase in the levels of CA 15-3 may indicate a radiographic recurrence before
it can be detected and can indicate a low response rate to chemotherapy (Abdelfattah et al., 2024).The differences witnessed in
the literature on CA 15-3 levels and their relationship with clinical-pathological variables (including nodal involvement, age,

histological types, tumor volume, grade, stage, and ER/PR status) could be explained by differences in the populations under
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study, the size of samples, and diagnostic procedures used on the tumor marker. (Zhao et al., 2021; Hameed, Al-Rayahi and
Muhsin, 2022). The rs396991 is a single-nucleotide polymorphism (SNP) in FCGR3A gene, which expresses Fc gamma
receptor Illa (Fc 3 gamma receptor Illa or CD16). This polymorphism, which results in an amino acid replacement of
phenylalanine (F) with valine (V) (FCGR3A-V158F) is located at position number 158. The impact of this change on IgG
receptor binding affinity of the receptor significantly influences the efficacy of various monoclonal antibody treatments
including trastuzumab. (Paul et al., 2019). Trastuzumab is a monoclonal antibody targeting of her2 positive breast cancer, in
which improved patients out come in both early and metastatic stages of breast cancer. by the ADCC mechanism. (Abdel-
Wahed et al., 2024). Our analysis did not show any significant association of the CA 15-3 levels to the polymorphism of the
rs396991. This is contrary to some of the past results. As an example, Gavin et al. (2017) had conducted a retrospective analysis
on patients at the NSABP B-31 trial, which had reported that the FCGR3A-158 polymorphism was an indicator of trastuzumab
efficacy. They noted that homozygous with phenylalanine (F/F genotype) had less benefit than those with F/V or V/V genotypes
indicating that ADCC had a substantial effect on trastuzumab efficacy. Equally, a different study examined the correlation
between the FCGR3A F/V gene polymorphism and the trastuzumab efficacy in patients with breast caner HER2 positive type .
The genotype or allele frequencies did not show any significant difference between breast cancer patients and healthy controls,
however, the response of trastuzumab therapy among the patient population showed a significant relationship with this
polymorphism. Specifically, the V/V genotype was linked to overall survival and better response, with V allele carriers showing
improved response. In contrast, the F/F genotype and F allele were more common among non responder patients . (Abdel-
Wahed et al., 2024). Our study findings are also inconsistent with observations by Musolino et al. (2008), who investigated 54
Italian women with HER2 positive type of breast cancer which metastasis and were treated with trastuzumab and taxane. His
study reported an improved response rate for patients who had the FCGR3A V/V genotype; furthermore, Tamura et al. (2011)
studied a Japanese patients . Similarly, a significant relation was revealed between FCGR3A V/V genotype and response rate
among both early and metastatic HER2 positive breast cancer patients . In contrast, our results align with other studies that did
not find a significant association between FCGR3A polymorphisms and clinical outcomes. For example, Kim et al. (2012) and
Hurvitz et al. (2012) didn’t find any association between FCGR3A polymorphism and progression-free survival in their studies
of patients given taxanes and trastuzumab. Their results indicated that such differences could not necessarily be material
differences that could be observed in clinical outcomes because of the SNPs. The fact that our results and those of the prior
studies are inconsistent may be due to a number of variables, such as the ethnic composition and population genetics of the
samples, disparities in sample size, discrepancies in certain end points, which include CA15-3 levels as compared to clinical
response or survival, and combinations of therapies administered to a patient. Our research relies on CA 15-3 as the first choice
of biomarker of efficacy, whereas valuable information may not be able to sufficiently reflect the multivariate interaction
between genetic factors and clinical response. Lastly, the seen departure of the Hardy Weinberg equilibrium (p <0.0104) of the
variant of the rs396991 in our patient group is also worth attention. Such hints at a variety of methodology or biological
problems such as stratification of the population, non-random mating, selection pressure, or genotyping errors. These aspects
might have hypothetical effects on the genotype frequencies and further correlation with clinical measures.

Conclusion

Our research paper discusses the prevalence of the fcgr3a gene rs396991 SNP among Iragi women with HER2-positive breast

cancer. We found no statistically significant association between the GG, GT, TT and CA15-3 levels and the genotype of the
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same, which is the rs396991. Also, the CA15-3 levels did not show significant correlation with the length of the disease and
the length of treatment in the patient group. Our analysis reveals that this SNP that can potentially lead to a higher efficacy of
trastuzumab even in this particular population and this biomarker is not the presence of the SNP, rs396991. The fact that it does
not follow the Hardy-Weinberg equilibrium indicates the possibility of the intricacies in the genetic composition of the
population. More and more detailed research on larger sample sizes, varied populations and direct clinical outcome measures
is needed to have a better understanding of the role of FCGR3A polymorphism in trastuzumab response in patients with HER2-
positive breast cancer.
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