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ABSTRACT:

Breast cancer is most frequently diagnosed malignancy among women
representing a quarter of all cancers. FGFR2 is one of low penetrance genes.
FGFR2 gene has a role in development and progression of BC.The SNP
rs2981582 associated with a higher level of FGFR2 transcription both in cell
lines and in tumors.

The aim of this work was to study the association between the rs2981582 and
breast cancer risk in Egyptian women.

The studied subjects were classified into 50 apparently healthy volunteers and
50 of BC cases. Genomic DNA was extracted from peripheral blood
leukocytes by using ion-exchange column chromatography. Genotyping was
done using an allelic discrimination real-time PCR using TagMan probes
technology.

The present study revealed that, the genotype distribution pattern of rs2981582
was statistically significant between cases and controls. Both of heterozygous
AG and mutant homozygous genotype AA showed higher frequency in cases
while the wild homozygous GG showed higher frequency in controls.
Heterozygous genotype was associated with increased breast cancer risk. The
minor allele A showed higher frequency in cases, and it was associated with
increased breast cancer risk.

Furthermore, the minor allele A showed a higher frequency in ER, PR positive
patients, Luminal A tumors, positive lymph node involvement and patients
with positive family history.

In conclusion: the present work demonstrated that the minor allele of
rs2981582 of FGFR2 gene is associated with increased breast cancer risk in
Egyptian women.
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1. INTRODUCTION

Cancer breast represents is the most
common cancer worldwide and the
principal reason of fatality between
females (Aglan et al., 2024); El-Attar et

al. (2020). In Egypt, breast cancer
represents 32 % of all cancers among

Egyptian female patients (lbrahim et
al., 2014). It is a complex heterogeneous
disease, caused by abnormal growth and
uncontrolled cell proliferation within the
terminal duct and lobules of the breast
(Mahdi et al.,2013).Breast tumorigenesis

comprises a multiplexed interaction of
genomic, epigenetic, ecological along
with  lifestyle  aspects.  Genetic
predisposition  provides a crucial
influence to the development of breast
cancer doubling the risk in first degree
relatives of affected women (Aglan et
al., 2024; Kandil et al., 2022; Siddiqui et
al., 2014).

Despite that, most of breast cancer
patients are sporadic, an evident
percentage of cases occurs as a result of
highly penetrating genetic mutations in
susceptibility genes. One of the best
prognosticators of breast cancer is
family history that anticipated the
increased risk (Feng et al., 2018;
Foulkes, 2008).

Mutations in BRCAL and BRCA2 that
impair gene function are the most
significant genetic contributors to breast
cancer risk, with carriers having up to an
85% lifetime likelihood of developing
the disease (Feng et al., 2018; Metcalfe
etal., 2010).

High-risk genetic mutations play an
important role but represent not more
than 25% of familial breast cancer risk
and less than 5% of overall
susceptibility, as they are uncommon in
the general population. (Shen et al.,
2021; Thompson & Easton, 2004). It is
proposed that the enduring risk could be
caused from a mixture of several
frequent  mutations,  independently
presenting a modest influence on the
risk of development of cancer breast
(Antoniou & Easton, 2006).
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A number of common low-penetrance genomic mutations
related to predisposition of the development of cancer breast
have been identified, however their impact to tumorigenesis
varies among populations (Pal et al., 2024).

Single-nucleotide polymorphisms are the commonest type of
genetic mutations, it can cause silent, harmless or harmful
effects, SNPs take place in either coding or non — coding
areas, but mostly in the non-coding regions. The genetic
profiles of SNPs can help recognize the full range of genes
related to the development of compound disorders such as
cancer breast (Deng et al., 2017; Ledwon et al., 2013).

Breast cancer is associated with genetic variants in critical
genes and protein pathways. It has been identified that
fibroblast growth factor receptor 2 (FGFR2), a gene involved
in mammary gland development, as a promising gene for
breast cancer risk in various populations (Sumbal &
Koledova, 2019; Sun et al., 2010).

Fibroblast growth factor receptor 2 is part of the FGFR group
of tyrosine Kkinase receptors. Its gene is located at
chromosome 10926, encoding FGFR2b and FGFR2c
isoforms due to alternative splicing (Sumbal & Koledova,
2019). They function as fibroblast growth factor (FGF)
receptors transducing FGF signals through fibroblast growth
factor receptor substrate (FRS2), and through phospholipase
C gamma (PLCy) (Sumbal & Koledova, 2019). They may
contribute to the course of carcinogenesis via promotion of
the growth of cancer cells, increasing its spreading properties,
enhancing migration and formation of new vascular supply to
the tumor (Ardizzone et al., 2023).

Many SNPs in FGFR2 were studied as a risk of breast cancer.
The most significantly associated SNP is rs2981582 which
lies within the intron 2 of FGFR2. Intron 2 of FGFR2
contains several putative transcription-factor binding sites,
some of them lie near the relevant SNPs. So, the association
with breast cancer risk is mediated through regulation of
FGFR2 expression (Easton et al., 2007).

Genetic variations, such as the differences in SNP allele
frequencies across different ethnic groups, can influence
breast cancer occurrence and features. SNPs linked to risk in
one population may not have the same effect in others,
emphasizing the need for global replication studies across
diverse populations (Siddiqui et al., 2014).

The mutant (A or sometimes referred to as T) allele of
FGFR2 rs2981582 was associated with upregulation of
FGFR2 and increased expression in cancer breast and acts as
a considerable risk factor for oncogenesis. But this was
subjected to high degree of variability due ethnic diversity
resulting in contradictory results in different studied
populations (Shu et al., 2019).

The association of FGFR2 polymorphisms with breast cancer
has also been reported in Asians (Lin et al., 2012; Siddiqui et
al., 2014), African-American, and European-American
women (Rebbeck et al., 2009). This research aims at studying
the association between FGFR2 polymorphism (rs2981582)
and breast cancer risk in Egyptian population.

Subjects and Methods

The study was approved from the ethical committees of the
Medical Research Institute, Alexandria University; with
approval number .the study was conducted in accordance

with the Declaration of Helsinki and the International
Conference on Harmonization Guidelines for Good Clinical
Practice. Informed consent was obtained from all eligible
subjects before starting the study. The study included 100
subjects divided into 50 apparently healthy female volunteers
and 50 female patients histopathologically diagnosed as
primary BC. The patients were recruited from the surgery
department of Medical research institute, Alexandria
University. The inclusion criteria for the subjects in the
present study include treatment naive female patients
diagnosed with primary breast cancer without any exposure
to either chemotherapy or radiotherapy and not metastasizing.
Methods
Specimen preparation and storage:
After an eight hours fasting period, five milliliters venous
blood were withdrawn from each subject and divided into 3
milliliters of whole blood dispensed into a plain serum
vacutainer tube and was allowed to clot for 30 minutes then
centrifuged for ten minutes at 4000 rpm. The obtained serum
was immediately separated and used for routine biochemical
tests. Another 2 milliliters of whole blood were dispensed
into a vacutainer tube coated with potassium salt of ethylene
diamine tetra acetic acid (K3 EDTA) and mixed by gentle
inversion for genomic analysis.
Laboratory investigations
A. blood glucose (FBG),Urea, creatinine, alanine Fasting
aminotransferase (ALT) and aspartate
aminotransferase (AST): (Burtis et al., 2011)
These assays were performed on Olympus AU400 Chemistry
Auto analyzer, where the final absorbance of (fasting serum
glucose, urea, and creatinine) and delta absorbance of (GGT,
ALT, and AST) were compared to standard (auto calibrator)
of known concentration.
B. FGFR 2 SNP rs2981582 genotyping study: (Chen, 2016)
a. DNA extraction:
Genomic DNA extraction from leukocytes was done using
PureLink® Genomic DNA Mini Kit (Invitrogen) according
to the manufacturer’s instructions using the ion exchange
chromatography property of the provided columns.
b. DNA Quantification and purity:
The concentration and purity of the extracted genomic DNA
was determined using the Thermo Scientific NanoDrop™
1000 Spectrophotometer. Purity was assessed by absorbance
at 230, 260 and 280 nm. The ratio of absorbance at (260/280)
~1.8 were accepted as “pure” for DNA. The ratio 260/230 in
the range of 2.0-2.2 were accepted as “pure” for DNA.
C. Real Time Polymerase Chain Reaction FGFR 2 single
nucleotide gene polymorphism rs2981582 genotyping
Genotyping of FGFR 2 rs2891582 was performed by the
allelic discrimination Real-Time Polymerase Chain Reaction
SNP genotyping technology using dual labelled fluorogenic
TagMan® minor groove binder (MGB) probes. It begins with
DNA denaturation at high temperature then two pre-designed
primers (forward and reverse) complementary to the 3' ends
of the sequence are annealed at lower temperature and then
extending at an intermediate temperature by the heat stable
Thermus aquaticus (Taq) DNA polymerase enzymatic
activity. The PCR process is based on the repetition of this
cycle and can amplify DNA segments by at least 10°fold. The
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thermal cycling conditions of the (Eco- ilumina real time
PCR, USA) were programmed as shown in (Table 1).

The TagMan SNP Genotyping assay is a 5'-nuclease assay
that uses 5'-nuclease activity of the Tag DNA polymerase for
SNP genotyping, the following steps occur:

1. The forward and reverse PCR primers anneal specifically
to their complementary sites that include the SNP
polymorphic site in between.

Table (1): The thermal cycling conditions

. Probes, anneals specifically to its complementary

sequence between the forward and reverse primer sites

. Extension of the primers bound to the template DNA,

then polymerase displaces then cleaves the probes
resulting in an increase in fluorescence by this reporter.

. The mismatching probe will consequently have a lower

melting temperature and consequently no fluorescence
signal would be detected from this probe. (Table 2)

Step AmpliTaq Gold Enzyme

PCR (40 Cycles)

Activation Denature Anneal/Extend
Temperature 95 °C 92 °C 60 °C
Time Hold for 10 minutes 15 sec 1 min
Table (2):The rs2981582 SNP genotyping according to the fluorescence signals of the sample
A substantial increase in Indicates Genotyping
VIC-dye fluorescence only (VIC / VIC Homozygosity for A allele (Homo-mutant genotype) AA
FAM-dye fluorescence only (FAM/FAM) Homozygosity for G allele (Homo-wild genotype) GG
Both VIC- and FAM-dye fluorescence (FAM/ VIC)  Allele A -Allele G (heterozygosity) AG
Statistical analysis Table (3): Clinicopathological data of the studied BC patients
Data was studied by means of IBM SPSS version 20.0. The No. %
normality of distribution was evaluated using Kolmogorov- Histopathology
Smirnov test. The categorical variables were compared using IDC 49 98.0
Chi-square test (Monte Carlo). The Mann-Whitney test was ILC 1 20
employed to compare two groups with non-normally Tumor
distributed quantitative variables, while ANOVA was used T1 3 6.0
for group comparisons, followed by a Post Hoc test (LSD) for
pairwise analysis. The Kruskal-Wallis test was applied for T2 33 66.0
multi-group comparisons of non-normally distributed T3 10 20.0
quantitative variables, followed by Dunn’s multiple Ta 2 8.0
comparisons test for pairwise analysis. The odds ratio (OR) Lymph node :
and 95% confidence interval were calculated to determine the Neaative 16 320
likelihood of an event occurring in the risk group compared Pogitive 3 68l0
to the non-risk group. Statistical significance was set at a 5% - :
level. The allele frequency distribution at each polymorphism Metastasis
locus was tested against the Hardy-Weinberg Equilibrium. No 43 86.0
Yes 7 14.0
Results Stage
Most of patients (98%) were diagnosed as IDC while only | 1 2.0
(2%) of them were ILC. Almost one third of them were I 21 42.0
classified as T2 (33%). Regarding Lymph node involvement i 21 42.0
and distant metastasis, most of patients were positive for v 7 14.0
lymph node (68%) while most of them were negative for ER
distant metastasis (86%). Stage Il and stage Il were of the Negative 10 20.0
highest frequency each one of them was (42%). For Positive 40 80.0
biological tissue markers, most of cases were positive for ER PR
(80%) and PR (74%) however (66%) of cases were negative Negative 13 26.0
for HER2. Regarding clinical data, Most of patients (70%) Positive 37 74.0
had a negative family history, while the frequency of HER?2
menopausal patients was higher (58%). The observed Negative 33 66.0
genotype frequency was in consistency with Hardy Weinberg Positive 17 34.0
equilibrium of population in both cases (p=0.145) and Family history
controls (p=0.335). (Table 3) Negative 35 70.0
Positive 15 30.0
Menstrual History
Menstruating 21 42.0
Menopausal 29 58.0
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The observed minor allele frequency (A) of rs2981582 was
(24%) in cases while in controls it was (12%). There was a
statistically significant increase of minor allele frequency (A)
of rs2981582 in cases than controls, (p=0.027). The Minor
allele (A) was found to be associated with a statistically
increased risk of breast cancer with an Odds ratio (2.316)

(95%C.1. = [1.08 - 4.94]). There was a statistically significant
difference of rs2981582 genotype distribution between cases
and controls, (p=0.036) with an increased breast cancer risk
in case of heterozygous genotype AG with an Odds ratio
(2.358) (95%C.1. = [1.09 — 6.09])). (Table 4)

Table (4):Comparison between the studied groups according to genotype distribution and Allele frequency of the

rs2981582.
Control Cases
(n=50) (n=50) p OR C.
No. % No. %
Genotyping
GG 38 76.0 27 54.0 MC.. 1.000
AG 12 24.0 22 44.0 0 O%_ES* 2.580 1.09-6.09
AA 0 0.0 1 2.0 ' -
Allele frequency
G 88 88.0 76 76.0 0.027" 1.000
A 12 12.0 24 24.0 ' 2.316 1.08 —4.94

p: p values for Chi square test for comparing between the two groups
MCp: p value for Monte Carlo for Chi square test for comparing between the two groups

*. Statistically significant at p < 0.05

The frequency of the variant (AA) genotype was 2% in the
cases and zero percent in the control group. The mutant allele
resulting from the SNP alters either function or expression of
the FGFR2 protein, causing abnormal downstream signal
transduction that ultimately causing cancer breast (Yasam,
2023)

Assuming a dominant mode of inheritance, where the
exposed group was composed of subjects with both the AA
and AG genotypes, the genotype distribution showed a
statistically significant difference (p=0.021) between cases
and controls. Also, regarding this mode of inheritance,
genotype distribution was found to be associated with a
statistically increased risk of breast cancer with an Odds ratio
(2.697) (95%C.1. = [1.15 - 6.34]).

On the other hand, assuming a recessive mode of inheritance,
where the exposed group was composed of only subjects with
the homo-mutant AA genotype, the genotype distribution
showed no statistically significant difference between cases
and control.

On assuming an additive mode of inheritance, there was a
statistically significant difference between cases and controls

(p=0.036) in genotyping distribution.

The minor allele (A) frequency was increased among cases
with ER positive (83.3 %) and PR positive tumors (70.8%),
while it was higher in HER2 negative tumors (62.5%).

There was a statistically significant difference of rs2981582
genotype distribution between cases and controls, (p=0.036)
with an increased breast cancer risk in case of heterozygous
genotype AG with an Odds ratio (2.358) (95%C.I. = [1.09 —
6.09]). On assuming both the dominant and additive mode of
inheritance, the genotype distribution showed a statistically
significant difference between cases and controls, (p=0.021),
(p=0.036) respectively, with a statistically increased risk of
breast cancer with an Odds ratio (2.697) (95%C.I. = [1.15 —
6.34]).0n the other hand, assuming a recessive mode of
inheritance, the genotype distribution showed no statistically
significant difference between cases and control. (Table 4).
The minor allele (A) frequency was increased among cases
with ER positive (83.3 %) and PR positive tumors (70.8%),
while it was higher in HER2 negative tumors (62.5%), (Table
5, 6).

Table (5): Comparison between the two studied groups according to mode of inheritance

Control Cases
Mode (n=50) (n=50) p OR C.
No. % No. %
Recessive
GG +AG 50 100.0 49 98.0 FEp= 1.000
AA 0 0.0 1 2.0 1.000 - -
Dominant
GG 38 76.0 27 54.0 0.021" 1.000
AG +AA 12 24.0 23 46.0 ' 2.697 1.15-6.34
Additive
GG 38 76.0 27 54.0 MCp 1.000
AG 12 24.0 22 44.0 0.036" 2 580 1.09 - 6.09
AA 0 0.0 1 2.0 ' '
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p: p values for Chi square test for comparing between the two groups
"Ep: p value for Fisher Exact for Chi square test for comparing between the two groups
MCp: p value for Monte Carlo for Chi square test for comparing between the two groups

*: Statistically significant at p < 0.05

Table (6): Association between Allele frequency and biological tissue markers in cases

Allele frequency

G A

(n=76) (n= 24) P

No. % No. %
ER
Negative 16 21.1 4 16.7 "Fp=
Positive 60 78.9 20 83.3 0.775
PR
Negative 19 25.0 7 29.2 0.685
Positive 57 75.0 17 70.8 '
HER?2
Negative 51 67.1 15 62.5 0.678
Positive 25 32.9 9 37.5 '

p: p values for Chi square test for comparing between the two groups
"Ep: p value for Fisher Exact for Chi square test for comparing between the two groups

Discussion

Several risk factors contribute to BC risk (Kaminska, 2015).
Advances in the screening methods, early diagnosis, and
treatment led to improved prognosis and increased survival.
Moreover, the breakthrough in biomolecular science aided in
deeper insight of development of cancer breast, allowing the
development of advanced treatment remedies capable of
targeting cancer and react effectively to its microenvironment
(Nounou, 2015).

Hereditary breast cancer is mainly related to mutations in
BRCA1 and BRCA2 genes which represent the majority of
high penetrance genetic BC (Mehrgou, 2016, Neamatzadeh,
2015, Mahdavi, 2019). Regarding low penetrance genes,
genome-wide association studies have identified a low-risk
panel of different alleles and loci including FGFR2. The
relative risk of BC by any one of the genetic variants alone is
trivial, however, interplay between such genes and other
higher and low risk genes, improves their clinical relevance
(Turnbull, 2008). Fibroblast Growth Factor Receptor 2 has a
significant effect in the development of mammary gland. It
has been implicated in development and progression of BC
(Ardizzone, 2023). In BC patients, increased both nuclear and
cytoplasmic FGFR2 expression correlated with lower overall
and disease-free survival (Sun, 2012). Dysregulated FGF
signaling has been linked to the development and progression
of various cancers. (Wiedlocha, 2021, Ahmad, 2012, Moffa,
2004). Genome wide association study has identified multiple
SNPs in intron 2 of the FGFR2 gene associated with a higher
risk of BC. The SNP rs2981582 has been identified as the
most strongly associated SNP with breast cancer (Easton,
2007, Shu, 2019). It has been demonstrated that the minor
allele of rs2981582 is linked to higher FGFR2 transcription
levels in both cell lines and tumors (Meyer, 2008).

In the current study the frequency of the variant (AA)
genotype was 2% in the cases and zero percent in the control
group. This was opposed by findings reported by Jahan et al.,

(2023) who stated that the homozygous mutant allele among
the cases group was 22% as compared to 12% in the control
group. This variation in the frequencies could be related to
small sample size and different ethnic group of the studied
population. However, they too reported increased frequency
of the mutant allele among the cases group as we did. There
was a statistically significant difference between controls and
cases regarding genotype distribution (Mp=0.036) with an
increased breast cancer risk with an Odds ratio (2.58) as seen
with AG genotype, (Table 5).

In accordance with our study, previous studies have reported
the association between SNP rs2981582 and breast cancer in
different population. (Huijts, 2007), (Mclnerney, 2009),
(Shan, 2012), (Jara, 2013) and (Siddiqui, 2014) reported that,
the rs2981582 minor allele is associated with increased BC
risk with an Odds ratio (1.3), (1.22), (2.0), (1.37) and (1.29)
respectively. In Tunisian women it was reported that, the
observed minor allele frequency was (50.2%) which showed
a statistically significant difference (p=.000004) between
cases and controls. It was associated with increased BC risk
with an Odds ratio (2.0). In north India, it was reported that,
the rs2981582 observed minor allele frequency was (38.04%)
in cases compared to (32.1%) in controls which showed a
statistically significant difference (p=0.011). The minor allele
was associated with increased BC risk with an Odds ratio
(1.29). Genotype distribution showed a statistically
significant difference (p=0.045) between cases and controls.
In cases genotype frequency was observed as follows
(GG=39.1%, AG= 45.6% and AA= 15.2) whereas in controls
it was as follows (GG= 46.6%, AG= 42.4% and AA= 10.9).
An increased BC risk with an Odds ratio (1.66) was observed
with homozygous genotype AA. In Pakistani women it was
shown that, the rs2981582 genotype distribution pattern was
as follows; the wild homozygous genotype GG was higher in
controls (20%) than cases (5%), for heterozygous genotype
AG was higher in cases (91%) compared to controls (76%)
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and the mutant homozygous showed equal frequency in cases
and controls (4%). The heterozygous genotype AG was
significantly associated with breast cancer (p=0.001) with an
Odds ratio (1.19) (95% CI 1.07 — 1.34) (38). The association
between FGFR 2 SNPs and breast cancer risk remains
inconclusive due to differences in ethnic and regional and
other factors. The frequency of the mutant homozygous allele
among Egyptian patients suffering from HCC was 16%
compared to 10% among the control group, as reported by
Al-Khaykanee et al., (2021) However, due to insufficient
literature regarding the allele frequency among Egyptian
patients suffering from breast cancer, we could not compare
our findings with other similar studied population.

When FGFs bind to their receptors, the functional domains
within the receptors stimulate tyrosine kinase activity,
leading to phosphorylation of the receptor. This initiates a
sequence of signaling pathways, including RAS-MAPK,
STATs, and PLC-y, which control the subsequent gene
expression. These genes influence various biological and
disease-related conditions, such as cell apoptosis, metastatic
behavior, proliferation, differentiation, and new vessel
formation (Wesche, 2011).

SNPs in FGFR 2 gene, rs2981582 represents one of the
robust and most coherent genetic predisposition for breast
cancer (Hunter, 2007). The hazard occurs to be coherent in
Caucasian (Huijts, 2007, Boyarskikh, 2009, Rebbeck, 2009,
Hemminki, 2010), Asian (Liang, 2008), Hispanic women
living in the US (Slattery, 2011). Nevertheless, to our
knowledge, no previous studies regarding the FGFR2 SNP
rs2981582 and the risk of breast cancer in Egyptian women
were done.

Regarding the FGFR2 gene polymorphisms, there is in vitro
evidence that the mechanism might be more related to an
anti-apoptotic than to a mitogenic effect (Hishikawa, 2004,
Tamaru, 2004). The suppression of programmed cell death
may be facilitated via the downregulation of Forkhead O
transcription factors (FOXO) synthesis. FOXO proteins play
key roles in inducing apoptosis, repairing DNA damage,
detoxifying reactive oxygen species (ROS), and suppressing
the transcriptional activity of estrogen receptors ERa and
ERB. FGFR2 activates the PI3K signaling pathway, an
intracellular system that inhibits the transcription of FOXO
factors (Kandil, 2022, Yang, 2009).

Meyer et al, (Meyer, 2008) reported that minor allele of
rs2981582 is linked to increased transcription of FGFR2 not
only in cell lines but also in tumor cells. Increased FGFR2
gene expression contributes to the process of tumorigenesis
through cell growth, invasiveness, motility and angiogenesis.
It remains necessary to discover the concrete mechanisms
about the phenotypic outcome of impaired FGF signaling
caused by FGFR2 gene SNPs in breast cancer.

On the other hand, few studies failed to confirm the
association between FGFR2 SNP rs2981582 and breast
cancer occurrence, one of them was reported in Chinese
women of the Han nationality, it was reported that rs2981582
is not a risk factor for BC with an Odds ratio for AG (0.99)
(95% CIl 0.73-1.33) and AA (0.85) (95% CI 0.54-1.33).
Genotype distribution pattern was (GG=34%, AG=54% and

AA=12% in cases) and (GG=33%, AG=53% and AA=14%
in controls), which showed no statistically significant
difference (p=0.99) between cases and controls. The minor
allele frequency in cases was (61%) compared to (%59) in
controls, which showed no statistically significant difference
(p=0.568) between cases and controls (Chen, 2012).

Another study was done by Chen (2016) reported that, the
minor allele of rs2981582 had a reduced breast cancer risk
(GA vs GG: OR =0.444, 95 % CI=0.262-0.752; AA vs GG:
OR=0.579, 95 % CI=10.342-0.983) (Chen, 2016).

The most likely explanation for such differences is the
sample size examined as well as broad changes in the genetic
landscape, including variations in allele frequencies of SNPs
and disparities among ethnic groups.

Another reason may be using different technique to
determine the SNP which differs in method performance.

In the present study, the BC risk was assessed according to
different modes of inheritance of FGFR2 SNP rs2981582
genotypes. When applying the dominant and additive modes
of inheritance the variant genotype was significantly higher
among cases, (p=0.021), (p=0.036) respectively, with
increased risk of breast cancer with an Odds ratio (2.697)
(95%C.1. = [1.15 — 6.34]). Contrarily, the recessive mode of
inheritance didn’t show differences between cases and
control. The mutant allele arising from the SNP modifies the
function or expression of the FGFR2 protein, resulting in
abnormal downstream signal transduction and ultimately
leading to breast cancer (Yasam, 2023).

Our results were consistent with previous studies, (Liang,
2008), (Han, 2011), (Jara, 2013), and (Siddiqui, 2014)
reported that, on assuming a dominant mode of inheritance,
the genotype distribution (AG+AA) showed a statistically
significant difference (p=0.0003), (p=0.0047), (p=.0007) and
(p=0.025) between cases and controls and a an increased the
risk of breast cancer with an Odds ratio (1.36), (1.15), (1.61)
and (1.37) respectively.

Although the minor allele did not show a significant
difference with ER or PR status, but its frequency was higher
among ER positive patients (83.3%) as well as patients with
PR positive (70.8%). This could be attributed to the small
sample. Many studies reported significant association
between the minor allele frequency and ER, PR status in
many populations. (Garcia-Closas, 2008) reported that
FGFR2 rs2981582 was more strongly related to ER-positive
(per-allele OR (95%Cl)=1.31 (1.27-1.36)) in European and
Asian participants. (Slattery, 2011) reported that rs2981582
was associated with almost a twofold increased risk of an
ER+/PR+ tumor, while not-significantly associated with
ER—/PR— tumors. (Liang, 2008) stated that the genotype
variant A was strongly associated with ER/PR-positive
tumors. Another study by (Siddiqui, 2014) reported that the
minor allele displayed a stronger association with ER-
positive women (TT vs. CC, P = 0.001; CT+TT vs. CC, P =
0.012).

This may be explained by many reasons; elevated FGFR2
expression levels have been observed in ER-positive cell
lines and tumors compared to ER-negative ones (Tozlu,
2006). This may be due to presence of ER binding sites
within the FGFR2 gene. Increased concentrations of sex
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hormones, particularly estrogens, can augment the risk of
development of cancer breast. Factors related to
menstrual cycle and reproduction, such as early
menarche and delayed initial childbirth, that could be
signs of endogenous sex hormones levels, are considered
as significant predisposing factors for the development of
cancer breast. Progesterone receptor can be directly
stimulated via the Mitogen-activated protein _Kinase
(MAPK) pathway independently from their respective
ligands, which can be triggered by FGFR2 (Qiu, 2003).
Furthermore, the FGF2/FGFR2 axis may contribute to
PR stimulation, driving hormone-independent growth of
mammary tumor, probable through the stimulation of the
MAPK pathway (Giulianelli, 2008).

The minor allele showed the highest frequency (45.8%) in
Luminal A type compared to other molecular types, but it did
not reach a statistically significant difference which may be
caused by the small sample size. Broeks et al, (2011) stated
that the rs2981582 had a strongest association with luminal
tumors. This finding could be explained by the association of
FGFR2 SNP rs2981582 with ER and PR positive tumors
(Broeks, 2011).

In the present study there was a statistically significant
difference between cases and controls regarding the BMI
(p=0.001). Previous study reported that ORs were slightly
higher for women with a BMI > 30 kg/m2 compared to
women with BMI < 30 kg/m2 (Marian, 2011).

This finding could be explained by the increased BMI is a
risk factor for BC (Carpenter, 2003). Fat tissue serves as the
primary source of estrogen synthesis, in obese
postmenopausal females, through aromatase, that is present in
both adipose tissue in the breast and in the tumor tissue itself.
Androgens formed from the adrenal cortex and ovaries of
postmenopausal females, are metabolized into estrogens by
aromatase. This local estrogen production can result in
estrogen levels in cancer breast which can be higher up to 10
times than those in the bloodstream (Cleary, 2009).

In the present study, the minor allele (A) frequency was
higher in menopausal cases (66.7%) but it did not reach a
statistically significant difference, (Table 3). Rebbeck et al,
(Rebbeck, 2009) reported that a significant association was
found between the rs2981582 and breast cancer in post-
menopausal women with an Odds ratio (1.26 (95% CI: 1.04—
1.53).

Increased minor allele frequency in postmenopausal breast
cancer is considered to be related to increase in the
circulating estrogen levels. In postmenopausal women, the
major source of estrogen is adipose tissue (Rebbeck, 2009).
On the other hand, most epidemiological studies showed an
association with premenopausal women. Siddiqui et al,
(Siddiqui, 2014 ) reported an association of the rs2981582
with premenopausal women with breast cancer. Another
study stated a strong association between rs2981582 and
breast cancer in premenopausal women (Liang, 2008). Ozgoz
et al, (Ozgdz, 2013) observed that, the rs2981582 mutant
homozygous genotype was more frequent in premenopausal
(45.5%) breast cancer patients.

In the current study, the minor allele frequency was higher in
cases with positive lymph nodes involvement (75%) which
did not show a statically significant difference. This finding
may be attributed to the small sample size. previous study
reported that the rs2981582 mutant homozygous genotype
frequency was higher in patients with lymph node-positive
tumors (31.8%) (Ozgdz, 2013). Another study reported that
the association of rs2981582 with breast cancer risk tended to
be stronger for patients with positive (per-allele OR (95%
CD)=1.33 (1.27-1.39) compared to negative (1.25 (1.20-
1.29)) nodal involvement (Garcia-Closas, 2008).

In conclusion the present work demonstrated that the minor
allele of rs2981582 of FGFR2 gene is associated with
increased breast cancer risk in Egyptian women. Also, it
showed a higher frequency in ER positive patients, PR
positive patients, Luminal A tumors, positive lymph node
involvement and patients with positive family history.
Finally, FGFR2 genotyping, particularly rs2981582, offers
potential for enhancing breast cancer screening and risk
stratification in Egypt. ldentifying carriers of the high-risk
allele could support personalized screening, enabling earlier
detection and targeted interventions for high-risk subgroups,
particularly for women with a family history of breast cancer
or other predisposing factors, to optimize early detection and
preventive strategies.. This approach can refine national
cancer screening protocols by integrating genetic risk,
optimizing resource allocation. Furthermore, Egypt-specific
data on FGFR2 polymorphisms could inform global breast
cancer risk models. Successful implementation would require
addressing cost, infrastructure, and ethical considerations,
including genetic counseling and data privacy. Another
important point is targeting FGFR2, the receptors, and
downstream signaling molecules could be explored as
possible targeted therapy for such patients.

Future research should focus on validating these findings
across diverse populations to account for ethnic and regional
variations in allele frequencies and their associations with
breast cancer. Additionally, exploring interactions between
multiple SNPs, such as those in FGFR2, BRCAL/2, and other
low-penetrance loci, could uncover complex genetic
contributions to breast cancer risk. Investigating the
molecular mechanisms by which FGFR2 polymorphisms
influence tumor biology, including interactions with
hormonal receptors, could further elucidate pathways for
targeted therapies. Large-scale, longitudinal studies
examining the integration of FGFR2 genotyping into existing
screening programs would also be valuable for assessing its
clinical and economic feasibility.
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List of abbreviations

HRT Hormone replacement therapy

IDC : Infiltrating ductal carcinoma

ILC : Infiltrating lobular carcinoma

LCIS : Lobular in situ carcinoma

NGS Next Generation Sequencing

PALB2 : Partner and localizer of BRCA2 gene
PTEN Phosphatase and tensin homolog gene
RFLP Restriction fragment length polymorphism
S.D : Standard deviation

SSCP Single Strand Conformation Polymorphism
TICs Tumor-initiating cells

m : Melting temperature

TP53 Tumor protein 53
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