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Abstract

Objective: This study intended to detect genetic polymorphism in active transporter SLCO1B3 Serl12Ala
(rs4149117) and study the effect of this variation on efficacy and safety of paclitaxel in Iraqi women with
breast cancer. Methods: The cross-sectional observational study was involved 150 women with breast cancer
who received paclitaxel. These women were assessed individually in the 2™ week of paclitaxel therapy using a
questionnaire to obtain demographic data, including age and body mass index, and the probability and severity
of paclitaxel’s side effects. At the same time, neutrophilia count and breast cancer markers were assessed.
Result: The wild type (TT) was detected in about 14% of breast cancer cases. While the mutant type (GG) and
the heterozygous type (TG) were detected in about 65% and 21% of the cases, respectively. The results did not
exhibit a significant difference among Iraqi breast cancer women who carried TT, TG, and GG genotypes regarding
breast cancer markers (CA 15.3 and CEA) and paclitaxel related adverse effects (neutropenia, oral mucositis, and
peripheral neuropathy) at P> 0.05. Conclusion: The SLCO1B3 334T>G genotyping was significantly distributed
among Iraqi women with breast cancer. Still, there was no significant association between the SLCO1B3 334T>G
genetic variation and efficacy and safety of paclitaxel.
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Introduction

Breast cancer is the most common cancer occurring
worldwide, accounting for 1:4 cases among women, and
is the most commonly diagnosed cancer in the majority
of countries [1]. It is a highly deadly cancer disease and
comprises around 34.35% of total Iraqi women with cancer
[2]. Breast cancer is known by [multifactorial, which
is caused by heredity, environmental factors, the aging
process, habit, and nutritional factors. Over the past 10-15
years, treatment concepts have evolved to account for this
heterogeneity, with an emphasis on improving therapeutic
benefits and reducing the adverse effects of chemotherapy
[3, 4]. Breast cancer markers, including cancer antigen
(CA15.3) and Carcinoembryonic antigen (CEA), are
frequently used to identify the prognosis and to monitor

the responsiveness of breast cancer to chemotherapy [5].
Paclitaxel is a chemotherapeutic agent in the taxane family
that plays a pivotal role in the treatment of breast cancer,
among other malignancies [6]. Although paclitaxel’s
effectiveness in breast cancer in both early-stage and
metastatic settings stems from its unique mechanism of
action and broad anticancer activity [7], its resistance
has been noted in some cases [8]. Several researchers
studied the reasons for this resistance and demonstrated
the roles of many factors, like the cytochrome P450
system inactivated paclitaxel [9], modification of cancer
cell cycle regulation via overproduction of microtubulin-
related proteins [10], and expression of ABC transporters
[11]. Paclitaxel resistance remains a critical therapeutic
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problem because many women with breast cancer are on
paclitaxel therapy. Another paclitaxel therapeutic—related
problem is serious adverse effects, including neutropenia,
peripheral neuropathy, alopecia, and oral mucositis [12] .
The severity of these side effects may be consistent with
decreased efficacy of paclitaxel. The explanation for
this phenomenon remains unclear and requires further
studies to identify the causes and overcome them [13].
The SLCO1B3 gene encodes the solute carrier organic
anion transporter family member 1B3, commonly known
as OATP1B3, a transmembrane transport protein that
belongs to the organic anion-transporting polypeptide
(OATP) superfamily. These transporters facilitate the
uptake of a broad range of endogenous and exogenous
organic anions into cells. OATP1B3 is predominantly
expressed on the basolateral (sinusoidal) membrane of
hepatocytes in the liver [14]. OATP1B3 mediates the
liver uptake of many drugs, thereby influencing their
pharmacokinetics, and its substrates include taxane,
methotrexate, imatinib, statins, and other compounds
[15]. Genetic variations in SLCO1B3 can lead to
inter-individual variability in the function of the OATP1B3
transporter. Numerous single-nucleotide polymorphisms
(SNPs) have been identified in the SLCO1B3 gene. Some
are non-synonymous mutations resulting in amino acid
changes that modify transporter activity [16]. Certain
malignancies aberrantly express OATP1B3, which can
have implications for tumor biology and drug delivery
to tumors. SLCOI1B3 Serl12Ala (rs4149117) genetic
variation is relatively common across ethnicities and
clinically associated with variability in drug levels, like
in lung transplant patients on mycophenolate; those
with GT or TT had a higher risk of chronic rejection
than GG, suggesting a possible functional effect on drug
disposition [17]. The Aim of this study was to detect
genetic polymorphism in active transporter SLCO1B3
Serl12Ala (rs4149117) and study the effect of this
variation on efficacy and safety of paclitaxel in Iraqi
women with breast cancer.

Materials and Methods

Patients

Iraqi women age 50 — 78 years old with breast cancer
were diagnosed according to the National Comprehensive
Cancer Network (NCCN) clinical practice guideline
[1]. These women were inpatients randomly recruited
from the oncology department of Imam Al-Hussein
Medical City after obtaining consent. Women were
considered for inclusion in this study if they received
paclitaxel as monotherapy at 80 mg/m?, administered
as a 1-hour intravenous infusion every week for at least
two cycles, with no other concurrent diseases. Women
with cardiovascular diseases, diabetes mellitus, hepatic
dysfunction, hyperthyroidism, taking drugs that affect
paclitaxel’s pharmacokinetic and pharmacodynamic
properties, such as ketoconazole, erythromycin, rifampin,
phenytoin, abaloparatide, abametapir, abatacept, and
abciximab were excluded.
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Determination of sample s size

The number of women involved in this study was
calculated using Fisher’s formula. The population size
of the target category was knowing from the oncology
department of Imam Al-Hussein Medical City which
is about 242 women with breast cancer and received
paclitaxel [18]..

N = (Z°PQ)/d

Where N is the desired sample size and p is the
prevalence and could consider p=50%=0.5 due to the
expect proportion was obscured., whereas Q=1-p = 0.5,
Z. is the standard normal deviation of 1.96 at 95% CI, and
D is an error agreeable limit of 0.05 at 95% CI. Thus,

N = ((1.96) X 0.5 X 0.5)/(0.05)> = 384

The desired size could diminish using the reduction
formula because the population size is < 10,000:

LR NIGR V7 1) p——

Where n is the population size of women involved in
the study.
Then,

R =384/(1+242)=149.6
These 150 women were randomly selected.

Study design

The cross-sectional observational study was conducted
from December 2024 to March 2025, which involved
150 women with breast cancer who received paclitaxel.
These women were assessed individually in the 2" week
of paclitaxel therapy using a questionnaire to obtain
demographic data, including age and body mass index
(BMI), and the probability and severity of paclitaxel’s side
effects. At the same time, neutrophilia count and breast
cancer markers were assessed.

Blood collection

From each woman, approximately 6 mL of blood was
withdrawn and divided into two parts: 2 mL was placed
in an EDTA tube for the absolute neutrophil count (ANC)
and genetic analysis, and 4 mL was placed in a gel tube
to obtain serum for assessment of breast cancer markers.

Breast cancer markers measurement

The serum CA15.3 and CEA levels were measured
using the chemiluminescent microparticle immunoassay
technology [19] with the aid of ARCHITECT i1000SR
immunoassay analyzer and CA15.3 and CEA kits (Abbott,
USA).

White cell count

Differential complete blood count was carried out
to assess hematological parameters, mainly the ANC,
which is a critical indicator for evaluating bone marrow
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function and chemotherapy-induced myelosuppression in
breast cancer patients receiving paclitaxel therapy. This
test was performed by using an automated Swelab Alfa
Hematology Analyzer (Boule Diagnostics AB, Sweden).

Assessment the severity of paclitaxel-induced neutropenia

The severity of paclitaxel-induced neutropenia was
commonly graded by a scale that was derived from
the Common Toxicity Criteria of the National Cancer
Institute. This scale schemed neutropenia into four scores
based on the ANC: score 1, ANC of >1. 5 to <2x10%/L;
score 2, ANC of >1.0 to <1.5x10°/L, score 3, ANC of
>0.5 to <1.0x10° /L, and score 4, ANC <0.5x10°L [20].

Assessment of paclitaxel-induced oral mucositis

The paclitaxel-induced oral mucositis was assessed
according to the World Health Organization (WHO) scale
that combines both clinical and functional/symptoms-
based examination of oral mucositis. This scale was
delineated oral mucositis as follows: score 0: No oral
mucositis, score 1: erythema and soreness, score 2: ulcers,
able to eat solids, score 3: ulcers, requires a liquid diet,
and score 4: ulcers, alimentation not possible [21].

Assessment of paclitaxel-induced peripheral neuropathy

The peripheral neuropathy induced by paclitaxel
was evaluated grounded on the WHO Common Toxicity
Criteria for Peripheral Neuropathy that rating scale was
pointed into 5 scores: score 0: no symptoms of neuropathy,
score l: paresthesia (a tingling, tickling or prickling
sensation) and/or limited tendon reflexes, score 2: severe
paresthesia and/or mild weakness, score 3: unendurable
paresthesia and/or marked motor loss, and grade 4:
paralysis [22].

Genotyping

Genomic DNA was isolated from whole blood samples
utilizing the AddPrep™ Genomic DNA Extraction Kit
(AddBio, Korea) in accordance with the manufacturer’s
guidelines. The allele-specific PCR (AS-PCR) method was
utilized to identify SLCO1B3 ¢.334T>G (rs4149117) gene
polymorphisms, employing the Mastercycler Gradient
thermal cycler (Eppendorf, Germany). This method
is extensively employed for SNP genotyping owing
to its superior specificity and economic efficiency
in differentiating alleles based on single-nucleotide
variations [23]. For each SNP, three allele-specific forward
primers (one for each allele) and one common reverse
primer were built according to Dr. Hassan Abo Almaali.
The primer sequences for this gene are forward (Allele
T) 5>-GGAACTGGAAGTATTTTGACAT-3’, forward
(Allele C) 5>-GGAACTGGAAGTATTTTGACAC-3’,
Forward (Allele G )
5’-GGAACTGGAAGTATTTTGACAG-3’ and reverse
5’-CAGGTGAAGTTGTGAAGCC-3’, with a product
size is 400 bp. Each PCR reaction was conducted in a total
volume of 25 pL, comprising 3 uL of DNA template, 2
pL of each forward and reverse primer, 5 uL of 5% Master
Mix (AddBio, Korea), and 13 pL of distilled water.
The PCR parameters for rs4149117 included an initial
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denaturation at 95 °C for 5 minutes, pursed by 35 cycles
comprising 25 seconds at 95 °C, 25 seconds at 55 °C for
annealing, and 1 minute at 72 °C, culminating in a final
extension at 72 °C for 5 minutes. After amplification,
5 pL of each PCR product was combined with 3 pL of
loading dye and applied to a 1.5% agarose gel prepared
with 1x TBE buffer and 0.5 pg/mL ethidium bromide.
Electrophoresis was conducted at 100 volts for a duration
of 35 minutes. The DNA bands were observed under UV
light with a transilluminator and recorded using a digital
camera. Band sizes were determined by comparison with
a 100—1000 bp DNA ladder. All outcomes were validated
by two independent evaluators.

Statistical analysis

The Statistical Package for the Social Sciences (SPSS
26) was used to perform statistical analysis. The Shapiro—
Wilk test was used to investigate the normality of
data distribution. Numerical data were descriptively
presented as the mean and standard error of the mean
(Mean = S.E.) for normally distributed data and the median
and interquartile range (Median + IQR) for non-normally
distributed data. At the same time, the non-numerical
data were presented as numbers and %. Numerically
normally distributed data, including age and BMI, were
analyzed using the one-way ANOVA-Post Hoc-LSD,
and numerically non-normally distributed data by using
nonparametric tests and legacy dialogs — Kruskal-Walli’s
test. Non-numerical data, including paclitaxel-related
adverse effects, were analyzed by using the Chi-square
test. The allele distribution of SLCO1B3 Serl12Ala
genes was analyzed using the Hardy-Weinberg equation
and nonparametric tests, legacy dialogs, Chi-square test.
The P values less than 0.05 were considered statistically
significant.

Results

Demographic data of breast cancer women

The demographic data of breast cancer women were
investigated and the mean age and BMI were 52.02 years
+ 0.87 and 29.36 mg/h2 + 0.42, respectively.

The serum level of breast cancer markers

The serum levels of breast cancer markers were
measured and the median of CA 15.3 and CEA were about
17.95 and 2.37 respectively.

Figure 1. Genotyping of SLCOIB3 C334T>G
(rs4149117) gene
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Table 1. The Incidence and Severity of Paclitaxel Related
Adverse Effects

Paclitaxel-related Adverse effects No (%)
Neutropenia Score 1 25(16.6)
Score 2 24 (16)
Score 3 82 (54.7)
Score 4 19 (12.7)
Oral mucositis Score 0 32 (21.4)
Score 1 50 (33.3)
Score 2 59 (39.3)
Score 3 9 (6)
Score 4 0(0)
Peripheral neuropathy Score 0 9 (6)
Score 1 70 (46.7)
Score 2 55(36.7)
Score 3 13 (8.6)
Score 4 3(2)

T Data expressed as No (%)

The incidence and severity of paclitaxel related adverse
effects

The paclitaxel-induced neutropenia was observed in
all breast cancer women with different severity and score 3
was predominated. Most women with breast cancer treated
with paclitaxel suffered from mucosa erythema, soreness,
and difficulty eating, and scores 1 and 2 were highly
incident among those patients. Paresthesia, weakness,
and reduced tendon reflexes were common symptoms of
peripheral neuropathy, which were observed in women
with breast cancer who were treated with paclitaxel, and
scores 1 and 2 were commonly diagnosed in those patients
as presented in Table 1.

Genotyping

Prevalence and allele distribution of SLCO1B3 C334T>G
(rs4149117) gene

The clear bands with molecular size 400 bp represented
the results of SLCO1B3 C334T>G (rs4149117)
genotyping. The size of this gene amplicon was
determined by comparing with a DNA ladder 100 - 1000
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bp, genotype of which were classified into three genotypes
including the major wild type (TT) for the allele T, the
homozygous mutant type (GG) for the allele G, and the
heterozygous (TG). as exhibited in Figure 1. The wild
type (TT) was detected in about 14% of breast cancer
cases. While the mutant type (GG) and the heterozygous
type (TG) were detected in about 65% and 21% of the
cases, respectively, as presented in Figure 2. The allele
and genotype distribution of SLCO1B3 C334T>G
(rs4149117) are demonstrated in Table 2.

Effects of SLCO1B3 334T>G genetic variation on the
breast cancer markers

The serum levels of breast cancer markers, including
CA 15.3 and CEA, were measured to investigate the
effect of different SLCO1B3 334T>G genotypes on the
paclitaxel efficacy. The results did not exhibit a significant
difference among Iraqi breast cancer women who carried
TT, TG, and GG genotypes at P > 0.05, as shown in
Table 3.

Effects of SLCOIB3 334T>G genetic variation on
paclitaxel-related adverse effects

The high incidence of paclitaxel-related adverse
effects, including neutropenia, oral mucositis, and
peripheral neuropathy, was assessed to identify the
possible impacts of different SLCO1B3 334T>G
genotypes on the safety of paclitaxel. The results
did not show a significant association between the
SLCO1B3 334T>G genetic polymorphism and severity
of the paclitaxel-related adverse effects (neutropenia,
oral mucositis, and peripheral neuropathy) at P > 0.05,
as explained in Table 4.

Discussion

Breast cancer is one of the most common spread
cancers in Iraqi women, and the critical point for its
management and preventing metastasis is selecting
effective and safe chemotherapy [24]. Paclitaxel is a
highly prescribed chemotherapy for the management
of breast cancers with majestic effectiveness, but many
cases developed resistance to it [25]. There are several
factors believed to play roles in decreasing the efficacy

Table 2. The Allele Distribution of SLCO1B3 C334T>G (rs4149117) in the Breast Cancer Women

Genotype (N:150) Frequency (%) Allele Frequency  Chi-square value P-value
TT (wild type) 22 (14.67%) 0.25 30.225 0.000000027
TG (heterozygous type) 31 (20.66%) 0.75

GG (homozygous type) 97 (64.67%)

+ Hardy-Weinberg equation and Chi-Square, two sided P.value<0.05. N: number of study cases.

Table 3. The Serum Level of Breast Cancer Markers According to SLCO1B3 334T>G Genetic Variation

Parameters Alleles of SLCO1B3 334T>G Genotypes P —value
TT TG GG

CA 15.3 (mIU /ml) 16.6 £23.14 18.6 £18.2 18.5+17.75 0.948

CEA (mIU /ml) 2.66 +8.18 2.07+3.23 2.51+2.14 0.445

T Kruskal-Walli’s, two sided P.value<0.05, Data expressed as median + IQR
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Figure 2. The Prevalence of SLCOIB3 334T>G
(rs4149117) Genotypes among Breast Cancer Women

of paclitaxel and producing poor clinical response. Some
study mentioned that pathway impairment, epigenetic
alteration, and genetic variation may be commonly
included causing factors [26-28]. OATP1B3 is a highly
expressed transporter that is encoded by the SLCO1B3
gene. It is responsible for the hepatic basolateral uptake
of anion substrates; therefore, it plays a crucial role in the
systemic elimination of drugs and toxins. It may be one of
these factors that affects the response to paclitaxel [29].
The study showed that the polymorphism of the
SLCO1B3 334T>G gene was present in Iraqi women
with breast cancer, and the homozygous GG genotype
predominated. The minor allele frequency of the G allele
is significantly high (about 75%) in comparison to the
reference major allele (T) in selected women. The study
observed a significant variation in allele frequency of the
SLCO1B3 334T>G among ethnicities, with low frequency
in African American and Ghanaian subjects, in contrast
to Caucasian, Han Chinese, and Mexican subjects [30].
Tsujimoto et al. mentioned that the genetic variation
of SLCO1B3 334T>G is total connection imbalance
in 79 Japanese individuals and the variant allele is
highly frequency (72.8%) [31]. In Asian countries, the
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SLCO1B3 334T>G gene exhibited greater polymorphism
and surprising interracial diversity among the Malay,
Indian, and Chinese individuals, suggesting that this
polymorphism may affect the pharmacokinetic properties,
including the intracellular or extracellular transport of
many substrates. Taxane chemotherapy may be believed
to be one of them [32].

In this study, the serum levels of breast cancer markers
(CA 15.3 and CEA) were adjusted within normal values in
most Iraqi women with breast cancer. This revealed that
paclitaxel effectively prohibited the metastasis. CA 15.3
and CEA were frequently performed for investigating,
treatment monitoring, and advancing breast cancer. If the
result value of CA 15.3 and CEA are > 20 U/ml and 3 pg/L,
respectively, this cancer is poorly responsive to therapy
[33]. The study demonstrated that the SLCO1B3 334T>G
genetic polymorphism did not play an important role in
the effectiveness of paclitaxel against breast cancer in
Iraqi women. These results are consistent with some other
studies [30,34] . The relationship between the SLCO1B3
334T>G genetic variation and paclitaxel pharmacokinetic
was investigated in five ethnic population (European
Caucasian, American Caucasian, African-American,
Mexican, and Han Chinese) and revealed that the plasma
concentration of unbound paclitaxel was not significantly
associated with the polymorphism of SLCO1B3 334T>G
gene due to this study exhibited statistically insignificant
associations between SLCO1B3 genotype and paclitaxel-
pharmacokinetic elements including dose-timing area
under the curve, peak plasma concentration, volume
of distribution, and drug half-life [31]. A study done
on patients of Asian race who received docetaxel as
chemotherapy demonstrated that the polymorphism
of the SLCO1B3 gene did not significantly alter the
pharmacokinetic characteristics of docetaxel; therefore,
it did not affect drug efficacy [35].

The results of this study showed an insignificant

Table 4. The Incidence and Severity of Paclitaxel Related Adverse Effects According to SLCO1B3 334T>G Genetic

Variation
Adverse effects Alleles of SLCO1B3 334T>G Genotypes P —value
TT TG GG

Neutropenia (%) Score 1 2(9.1) 2 (6.5) 21 (21.6) 0.425
Score 2 4(18.2) 5(l6.1) 15 (15.5)
Score 3 13 (59.1) 18 (58.1) 51(52.6)
Score 4 3(13.6) 6(19.4) 10 (10.3)

Oral mucositis (%) Score 0 4 (18.2) 6(19.4) 22 (22.7) 0.917
Score 1 9 (40.9) 10 (32.3) 31 (32)
Score 2 7 (31.8) 14 (45.2) 38 (39.2)
Score 3 2(9.16) 1(3.2) 6(6.2)
Score 4 0 (0) 0(0) 0 (0)

Peripheral neuropathy (%) Score 0 2(9.1) 2 (6.5) 5(5.2) 0.964
Score 1 9(40.9) 15 (48.4) 46 (47.4)
Score 2 8(36.4) 10 (32.3) 37 (38.1)
Score 3 3 (13.6) 3(9.7) 7(7.2)
Score 4 0(0) 1(3.2) 2(2.1)

+ Chi-Square, two sided P.value<0.05, Data expressed as No (%)
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association between the SLCO1B3 334T>G genetic
polymorphism and the severity of the paclitaxel-related
adverse effects. In Spanish patients, the study demonstrated
no considerable link between SLCO1B3 genotyping and
paclitaxel-induced peripheral neuropathy [36]. Although
paclitaxel induced many adverse effects, neutropenia, oral
mucositis, nausea and vomiting, alopecia, and peripheral
neuropathy are the most common adverse one [37-39].
A Japanese study investigated the role of SLCO1B3
334T>G genetic polymorphism in docetaxel-induced
neutropenia, revealing that there were no significant
associations between docetaxel therapy and incidence
of neutropenia [40]. Paclitaxel-induced hematological
toxicity (mainly neutropenia and thrombocytopenia) is a
dose-related adverse effect, and accordingly, OATP1B3
is responsible for the transport of paclitaxel in hepatic
metabolism. But the plasma concentration of unbound
paclitaxel was not significantly associated with the
presence of SLCO1B3 334T>G genetic variation.
However, patients with one or two T alleles of the
SLCO1B3-rs4149117 polymorphism exhibited a 19%
lower sensitivity to thrombocytopenia but not neutropenia
compared to those with homozygosity for the G allele
(p=0.00279) [41].

In conclusion, this study concluded that the SLCO1B3
334T>G genotyping was significantly distributed among
Iraqi women with breast cancer. Still, there was no
significant association between the SLCO1B3 334T>G
genetic variation and efficacy and safety of paclitaxel.
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