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Cervical cancer, Genetic polymorphisms,

HPV. RACK1 Background & Objective: Cervical cancer is the second most common malignancy

among women worldwide. The Receptor for Activated C Kinase 1 (RACK1) has a key
role in regulating the pathways of cell signaling, angiogenesis, cell migration, invasion,
and metastasis. This study investigated the association of polymorphisms rs1279736
and rs3756585 with cervical cancer.

Methods: In this study, 100 LB pap-smear and paraffin block samples of cervical
squamous carcinoma associated with Human papillomavirus (HPV) were selected along
with 100 LB smear cytology samples from healthy women with normal pap smears,
serving as the control group. Genomic DNA was extracted from the samples, and the
polymorphisms rs1279736 and rs3756585 in the RACK1 genes were examined using the
RFLP-PCR and ARMS-PCR methods, respectively.

Results: The rs1279736 polymorphism shows that the chance of cervical cancer in
individuals with CA and AA genotypes is 3.772 and 1.852 times that of CC genotypes,
respectively. This suggests that the A allele is involved in developing cervical cancer
(P=0.005; OR=2.113). The rs3756585 polymorphism indicates that the chance of
cervical cancer in TG and GG genotypes is 0.373 and 4.235 times that of TT genotypes,
respectively. This also points towards the involvement of the G allele in the
development of cervical cancer (P=0.032; OR=1.800). Also, there was no significant
relationship between the genotype of polymorphisms, age, and subtype of
papillomavirus 16 and 18 in patients.
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Conclusion: The present study was conducted for the first time. Our results showed that
two polymorphisms are significantly associated with cervical cancer.
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Introduction

Cervical cancer is the fourth most common cancer in These viruses infect squamous epithelial cells in

women globally, with around 660,000 new cases and
around 350,000 deaths in 2022 (1, 2). The etiology and
pathogenicity of the cervical cancer includes various
environmental and genetic factors that lead to epithelial
cell transformation (3, 4). Among papillomavirus-
related infections and cancers, Human Papillomavirus
(HPV) is found in 99% of cervical cancers, making it an
essential factor in the development of cervical cancer (5-
7). Papillomaviruses are a small group of uncovered
viruses with 20-sided capsids and double-stranded DNA
that have 8 primary regulatory genes and 2 structural
genes of L1 and L2 capsid with delayed expression.
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different areas (4, 8-10). Among the various genotypes
of papillomavirus, the HPV16 and HPV18 regulatory
genes are known to be the most common HPV
genotypes, found in more than 70% of cervical cancer
specimens worldwide (11-13). HPV is one of the most
important oncoviruses that causes lesions not only in the
genital area but also in the respiratory tract, lungs,
mucous membranes, scalp, neck, and so on. Several
factors, including genetic alterations such as
polymorphisms and epigenetic modifications, can
potentially influence gene expression (14-18).
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RACK1 acts as a scaffold for numerous protein
kinases, making it integral to various cellular responses,
including  signal  transduction, cell  growth,
differentiation, and immune responses. Elevated
expression of RACK1 has been demonstrated to
correlate with the initiation and advancement of
numerous malignancies (19). This multifaceted role in
cancer progression holds potential significance in the
context of cervical cancer. Furthermore, regulating
RACK1 gene expression at the transcriptional level,
coupled with the discovery of polymorphisms in the
RACKZ1 promoter associated with increased expression
(20), adds a genetic dimension to its potential role in
cervical cancer, warranting comprehensive exploration.

Traditional cytological methods, such as the Pap
smear, face challenges in accurately predicting cervical
cancer. These limitations have spurred the development
of more sensitive diagnostic techniques, particularly in
detecting high-risk HPV genotypes through PCR-based
approaches (6, 21, 22). As a result, there is a growing
need to introduce new diagnostic methods with high
sensitivity, specificity, rapid results, and affordability.

The aim of this study is to investigate RACK1 gene
polymorphisms, especially rs3756585 and rs1279736,
using ARMS PCR and RLFP PCR methods on HPV-
induced cervical cancer samples, focusing on squamous
cell carcinoma (SCC) compared to the control group.

Material and Methods

Sample Collection

100 LB pap-smear and paraffin blocks, which were
diagnosed by H&E staining as squamous cell
carcinoma of cervical cancer, were collected from the
pathology laboratory of Afzalipour Hospital, Kerman,
South-Eastern Iran, spanning the years 2017 to 2021.
These samples also included cancers associated with
16,18 subtypes of human papillomavirus (HPV).
Additionally, we selected 100 Pap smear cytology
samples from healthy women with normal pap smears,
confirmed to be HPV-negative by PCR, to serve as the
control group. Exclusion criteria included pregnancy,
vaginal bleeding, symptomatic cervical or vaginal
infections, previous hysterectomy, a history of
previous cervical cancer, radiation therapy, and the use
of immunosuppressive drugs. This project was
approved by the ethical board of Kerman University of
Medical Sciences (IR.KMU.REC.1401.219). All the
participants filled out the written informed consent
before collecting the samples (23).

Human Papilloma Virus Screening

Liquid-based cytology (LBC) and a liquid-based
Pap test (llia Tech Kimia Sahand, Iran) were employed
to collect cytological control samples. HPV-DNA
testing was conducted using the EXTRA Il INNO-
LiPA HPV genotyping kit from Fuji Rebio Europe
N.V. (Belgium), which is based on the principles of
reverse hybridization. In this process, a 65 bp region of
HPV DNA, specifically the L1 region known as
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SPF10, was amplified by biotinylated primers. After
denaturation, the biotinylated amplicons were
hybridized with distinct probes. Specific primers for
the human HLA-DPB1 gene were included to assess
the quality of the extracted DNA. Subsequently,
streptavidin-conjugated alkaline phosphatase was
applied, followed by incubation with BCIP/NBT for
visual confirmation (23, 24).

Histological evaluation

The 3-5 micrometer sections were prepared from
the paraffin tissues and stained with Hematoxylin and
Eosin. The histopathological assessment of the uterine
cervical lesion was diagnosed as squamous cell
carcinoma done by an experienced anatomical
pathologist using a light microscope (Olympus/BX51,
Japan).

DNA Extraction

DNA extraction was performed using the Cinapure
DNA kit (CatNo: EX6011) according to the protocol.
First, the samples were incubated in prelysis buffer and
ribonuclease for 3 hours at 55°C until complete
digestion was achieved. Subsequently, lysis solution
was added and vortexed for 20 seconds, followed by
the addition of precipitation solution. The resulting
solution was then transferred to a spin column. After
undergoing two washes with wash buffers I and 11, the
samples were centrifuged at 13,000 rpm for 1 minute.
Finally, the samples were incubated with an elution
buffer at 65°C for 3-5 minutes. To assess the extracted
DNA's quality, quantity, and purity, measurements
were performed by determining the optical density at
260 and 280 nm using a Nanodrop ND2000 (Thermo)
and through electrophoresis on an agarose gel.

Primer Design

In this study, primers were developed using the
Primer3 Bioinformatic software and subsequently
validated by the NCBI through Primer-BLAST. The
Korean Bioneer Company synthesized these primers.
The primers utilized for the rs1279736 and rs3756585
polymorphisms are detailed in Table 1.

Identification of rs1279736 Polymorphism by
using RFLP-PCR Method

Restriction Fragment Length Polymorphism

The polymerase Chain Reaction (RFLP-PCR)
method was used to determine rs1279736
polymorphism. The PCR reaction was performed using
the primers listed in Table 1 at a final volume of 25 pL,
including 10 picomoles per primer, 12.5 pL of
Mastermix Ampligon, and 50 ng of genomic DNA. The
thermal program of the reaction is shown in Table 2.
First, 14 uL of PCR product was exposed to MSP1
(Thermo Cat No:ER0541). Then, samples were
incubated overnight at 37°C for the effect of restriction
enzyme and incubated for 20 minutes at 70°C for
inactivation of the enzyme. Finally, to view the results,
18 puL of the RFLP reaction product was
electrophoresed with Sybersafe (cat no: S33102
Invitrogen) on 3% agarose gel along with 4 pL of
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100bp marker. C > A at nucleotide number rs1279736
is not detected by restriction enzyme MSP1 at C*CGG
sites. As a result, polymorphism is determined for each
sample C (Wild) = 49,182, A (Mutant) = 231 and AC
(Heterozygous) = 231,49,182.

Investigation of rs3756585 Polymorphism by
ARMS-PCR Method

To detect mutations in the patients' samples, 12.5
pL of PCR mix and 50 ng of template DNA were each
added to separate microtubes. Subsequently, forward
and rev

erse primers for the normal allele were introduced
into the first microtube, while forward and reverse
primers for the mutant allele were added to the second
microtube. Internal control (IC) primers of lactate
dehydrogenase A (LDHA) were then included in both

microtubes. The PCR reaction was conducted using a
Biorad C1000 thermocycler, following the time-
temperature schedule detailed in Table 2. The resulting
product had a band size of 231 bp, the resulting product
had band sizes of 231 bp and 420 bp (IC), and the
optimal annealing temperature was determined through
testing with a temperature gradient.

Statistical Analysis

Statistical analysis of the data was performed using
SPSS version 26 (SPSS Inc., Chicago, Ill., USA) and
GraphPad prism8 software was used for drawing
diagrams. An alpha error of 5% (95% confidence
interval) is considered as a limit for rejecting or
confirming the null hypothesis. All mean comparison
tests were performed bilaterally. The Chi-Square test
was used in this study.

Table 1. Sequence of primers used for PCR (RFLP and ARMS)

RFLP Forward: 5’-TGGAACAGGCGGAGCTCG-3’

rs1279736 Reverse: 5-AAAAGGCAGAGGGAAATTGCAA-3’

ARV Forward: 5’-TGGAACAGGCGGAGCTCG-3’

F<3756585 Reverse (A allele): 5°- AAAAGGCAGAGGGAAATTGCAA-3’
Reverse (C allele): 5°- AAAAGGCAGAGGGAAATTGCAC-3’

L DHA Forward: 5’- CACCTCTGACGCACCACTG-3’

Reverse: 5’-CAGGGTTGCCCAAGAATAGC -3’

Table 2. The temperature program used for PCR (RFLP and ARMS)

Denaturation

5 min 20s
RFLP 940C 940
5 min 20s
ARMS 940C 940C

Results

One hundred patients with cervical cancer caused
by papillomavirus diagnosed with SCC and 100
healthy subjects were analyzed for RACK1
polymorphism genotypes by H&E staining. Some
individuals were not successfully genotyped for all
tested genotypes and were excluded, which was
probably due to the poor quality of the samples. This
left 80 and 96 people in the patient and control groups,
respectively.
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Denaturation

Annealing Extention Final Elongation
20s 20s 5 min
60°¢ 720¢ 720¢
30s 20s 5 min
620¢ 720¢ 720¢

Histopathological Findings

Most of the cases showed a spectrum of squamous
metaplasia, koilocytosis, various grades of dysplasia,
carcinoma in situ, and finally malignant proliferation
of the squamous cells with nuclear pleomorphism,
prominent nucleoli, and multifocal stromal invasion of
the uterine cervix. Squamous carcinoma subtypes
included large cell noncell keratinizing type 60%, large
cell keratinizing type 35%, and small cell type 5% (Fig
1, 2).
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Fig. 1. Shows proliferation of malignant squamous
cells with moderate nuclear pleomorphism and also
infiltrating to the stroma.

Relationship Between Genotypes of Rackl
Polymorphisms with Age and HPV Subtypes
(16,18) in Patients

The age range of the patient group was between 45-
73 (mean age: 55.83+05), and the age of the control
group was between 28-68 years (mean age:
48.49+10.41). In this study, the patients had 42.5%
subtype 16, 20% subtype 18, and 37.5% both subtype

Maryam Fekri Soofi Abadi et al. 27

A

Fig. 2. Presence of the occasional Kkoilocytes within the
neoplastic keratinocytes.

16/18 of HPV. The findings show that there was no
significant correlation between the frequency of
genotypes and age and no significant relationship
between HPV subtypes (16 and 18) and rs1279736 and
rs3756585  polymorphisms.  Analysis of the
relationship  between the two polymorphisms
(rs1279736 and rs3756585) and age, as well as HPV
type (16, 18), is detailed in Tables 3 and 4.

Table 3. Relationship between genotypes of rs1279736 polymorphism with age and HPV in patients

Clinical features CcC CA YAV p-value ‘
Age (in <55 24 (66.6%) 9(25%) 3(8.3%) 0.224
years) >55 21 (47.7%) 16 (36.4%) 7(15.9%)
16(N=34) 16 (47%) 14(41.1%) 4 (11.8%)
Subtype of _
HPV 18(N=16) 13 (81.3%) 2 (12.5%) 1 (6.25%) 0.188
N=30)(16,18 16(53.3%) 9(30%) 5(16.7%)

Table 4. Relationship between genotypes of rs3756585 polymorphism with age and HPV in patients

| Clinicalfeatures [ 1T | 76| GG | p-value |
Age (in <55 31 (63.3%) 4 (8.2%) 14(28.6) 0111
years) >55 26 (83.9%) 2 (6.5%) 3(9.7%) '
16(N=34) 24 (70.5%) 3(8.9%) 7 (20.6%)
Ofﬁ;f{’/pe 18(N=16) 14(87.4%) 1 (6.3%) 1 (6.3%) 0.463
N=30)(16,18 19(63.3%) 2(6.7%) 9(30%)

Relationship Between Genotypes of Rackl
Polymorphisms with the Risk of Cervical Cancer

In the rs1279736 polymorphism, it was found that
the percentage of CC, CA, and AA genotypes was
56.3%, 31.3%, 12.5% for the patient group and 78.1%,
12.5%, 9.4% for the healthy group. CC genotype was
considered as a reference. The genotype of rs1279736
polymorphism has a significant relationship with
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cervical cancer(P=0.005). According to the calculated
OR number, the relationship of this polymorphism with
the condition of disease showed that the chance of
disease in people with CA and AA genotypes is 3.472
and 1.852, respectively, compared to CC people. In
simpler words, people with genotypes CA and AA get
more than those with genotypes CC. Also, the frequency
of people with A allele is significantly higher than the C
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allele (P=0.005; OR=2.113), and this suggests that allele people,  respectively.  rs3756585  polymorphism
A is involved in causing the disease. The changes in the genotype has a significant relationship with cervical
total number of mentioned samples and the frequency of cancer, and itis interesting here. This relationship is such
rs1279736 and rs3756585 genotypes in patients with that the chance of cervical cancer in TG and GG
cervical cancer and in the control group are given in genotypes is 00.373 and 4.235 times that of TT,
Table 5. respectively. Since the frequency of the G allele in

In rs3756585 polymorphism, the percentages of TT, patients was significantly higher (P=0.032; OR=1.800),
TG, and GG genotypes are 71.3%, 7.5%, and 21.3% for it seems that the G allele is involved in the development
sick people and 74.0%, 20.8%, and 5.2% for healthy of this disease.

Table 5. Impact of Single Genotypes of RACK1 on the Frequency of The Cervical Cancer

rs1279736 (n=96) (n=80)
CcC 75(78.1%) 45(56.3%) 1 (Reference)
CA 12(12.5%) 25(31.3%) 3.472 0.005
AA 9(9.4%) 10(12.5%) 1.852 0.005
Allele C 162(84.37%) 115(71.87%) 1
Allele A 30(15.62%) 45(28.12%) 2.113 0.005
rs3756585 (n=96) (n=80)
T 71(74.0%) 57(71.3%) 1
TG 20(20.8%) 6(7.5%) 0.373 0.001
GG 5(5.2%) 17(21.3%) 4.235 0.001
Allele T 162(84.37%) 120(75.00%) 1
Allele G 30(15.62%) 40(25.00%) 1.800 0.032

OR: Odds Ratio

After examining whether the allele frequencies RFLP and ARMS PCR Product Results
conform to the Hardy-Weinberg equilibrium for the After complete PCR and electrophoresis, staining
rs1279736 and rs3756585 polymorphisms, it was found with a safe Syber dye was performed. The results of
that the frequencies of its alleles significantly deviated RFLP and ARMS are shown in Figures 3 and 4,
from the Hardy-Weinberg equilibrium (P<0.00001). respectively.

This deviation suggests that allelic frequencies in the
population are influenced by factors such as natural
selection, migration, or mutation Notably.

Fig. 3. The effect of MSP1 enzyme on the PCR product
of rs1279736 polymorphism of rackl gene. Well 3:
heterozygous (AC); Well 1, 2, 4, 5, 6, 7, 8, 10:
homozygous wild (CC); Well 9: homozygous mutant
(AA) and Well L: 100bp ladder
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Fig. 4. 2% agarose gel related to electrophoresis and PCR product of rs3756585 rackl polymorphism; Well 1,2: show
homozygous wild (TT); Well 3,4: homozygous mutant (GG); Well 5,6: heterozygous (TG) and Well 7: negative

control; Well L: 100bp ladder

Discussion

Cervical cancer ranks as the second most prevalent
malignancy among women worldwide, with
approximately 500,000 new cases reported each year
across diverse communities. Notably, the primary
driver of cervical carcinoma's development and
progression is the human papillomavirus (HPV) (11).
The results of typing HPV-positive samples indicate
that HPV16 is the most common type isolated from
cervical cancer patients. Detection methods, such as
regular Pap smears and molecular pathology tests
employing PCR and DNA probes, have been crucial in
identifying HPV in cervical tissue or swab samples,
thus allowing for interventions like freezing, burning,
or drug treatments to prevent progression toward
cancer (11, 12). The significance of cervical cancer
underscores the importance of investigating genotypes,
polymorphisms, and genetic variations in diverse
populations, considering factors like race and
geographical differences. Such studies are invaluable
in estimating cancer risk and advancing therapeutic
objectives (25-28). Several studies have shown that
RACK1 promotes tumor progression and malignancy
in colorectal, esophageal, and squamous cell
carcinomas of the mouth and lungs, as well as increases
the proliferation, migration, and metastasis of breast
cancer and is considered an independent prognostic
factor (29).

RACK1, a 36 kDa protein containing repeat
aspartate-glutamate (WD) domains, is an intracellular
receptor for PKC II protein and functions as a scaffold
for various kinase proteins and receptors. This protein
plays a pivotal role in numerous cellular responses,
including  signal  transduction, cell  growth,
differentiation, and immune responses. One of the
important factors regulating the expression of this gene
is regulation at the transcriptional level. It has been
shown that several polymorphisms in the RACK1
promoter are associated with increased expression, the
most important and frequent polymorphisms being
rs1279736 and rs3756585, which have a high
prevalence. (20, 30, 31). The polymorphisms
rs1279736 and rs3756585 are situated within the

Vol.20 No.1 Winter, 2025

promoter region of the RACKL1 gene, specifically at -
283 and -123 bases from the transcription initiation site
(20). Their genomic locations are chr5:181244189 and
chr5:181244029 in the GRCh38.p14 reference
genome. The standard HGVS nomenclature for these
polymorphisms is NC_000005.9: g.180671189C>A
for rs1279736 and NC_000005.9: g.180671029T>G
for rs3756585. It has been observed that the C allele for
rs1279736 and the T allele for rs3756585 are the most
prevalent in various populations.

RACKU1's role in cancer progression is complex and
context-dependent, acting as both a tumor suppressor
and an oncogene in different types of cancers. Its
interactions with various cellular signaling pathways
and its impact on specific cancer types highlight its
critical role in the initiation and progression of various
cancers. (30, 32-34). Studies have shown that RACK1
is upregulated in cervical cancer tissues compared to
normal tissues, with its expression level increasing
from cervicitis to cervical intraepithelial neoplasia
(CIN) to carcinoma. This upregulation of RACKL is
positively correlated with tumor grading, suggesting its
involvement in tumorigenesis (35). Hao Wu et al.
showed that The HPV E6 oncogene has been found to
elevate RACK1 levels at the post-translational level in
cervical cancer. This upregulation of RACK1
significantly boosts tumor cell invasion and epithelial-
mesenchymal transition (EMT), while also facilitating
lymph angiogenesis and lymph node metastasis in a
manner dependent on galectin-1 (34).

Yi-Young Choi et al. performed on non-small cell
lung cancer samples, determined that rs1279736C>A
and rs3756585T>G polymorphisms in the RACK1
promoter were most associated with survival
outcomes. Also, in vitro promoter assay and EMSA
showed that rs3756585 T-to-G mutation increased
transcription factor binding and RACK1 promoter
activity (20). We determined that the genotype of
rs1279736 polymorphism has a significant relationship
with cervical cancer, and the chance of cervical cancer
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in CA and AA genotypes is 3.772 and 1.852 times of
CC, respectively. And since the frequency of A allele
in patients is significantly higher (P-Value=0.005;
OR=2.113), it seems that A allele is involved in the
development of this disease. The present study also
determined that the rs3756585 polymorphism
genotype has a significant relationship with cervical
cancer; interestingly, this relationship is such that the
chance of cervical cancer in TG and GG genotypes is
00.373 and 4.235 times of TT, respectively. This is a
rare outcome and is very similar to the high frequency
of individuals heterozygous for the sickle red cell
mutation that has developed in parts of Africa due to
malaria resistance. Since the frequency of G allele in
patients was  significantly  higher  (P=0.032;
OR=1.800), it seems that G allele is involved in the
development of this disease. In fact, our current study
showed the functional importance of two
polymorphisms (rs1279736 and rs3756585) in the
RACK1 promoter in cervical cancer. These
polymorphisms may act as prognostic factors in
cervical cancer. However, due to the lack of more
prognostic data from clinical samples, we could not
clarify the relationship between them and the
genotypes of RACKl1gene polymorphism, and the
available data about age and the subtype of HPV in
patients showed no significant relationship. More
studies on RACK1gene polymorphisms are needed to
clarify their mechanisms. With the recommendation
that research the future includes larger and more
diverse populations to account for racial and
geographic differences and advance cancer treatment
goals.

Conclusion

Our results show that RACK1 gene polymorphisms
rs1279736 and rs3756585 have a significant effect on
cervical cancer. The rs1279736 polymorphism showed
an increased risk of cervical cancer in individuals with
CA and AA genotypes compared to those with CC
genotypes, suggesting the involvement of the A allele

References

in the development of cervical cancer. Similarly, the
rs3756585 polymorphism showed an increased risk of
cervical cancer in subjects with TG and GG genotypes
compared to subjects with TT genotype, suggesting the
involvement of the G allele in the development of the
disease. Since this is the first study in the field of
investigating Rackl polymorphisms, it is hoped that
more studies will be conducted in different populations
that will lead to the early detection of cervical cancer
and its treatment.

Acknowledgments

This work was supported by the Pathology and Stem
Cell Research Center at Kerman University of Medical
Sciences, Kerman, Iran. We all appreciate the excellent
reviewing and editing by M. M. Malcolm Hayes, MD,
retired Professor of Pathology, UBC, Vancouver,
Canada.

Ethical Approval

This project was approved by the ethical board of
Kerman  University of  Medical  Sciences
(IR.KMU.REC.1401.219). All the participants filled
out the written informed consent before collecting the
samples.

Funding

This study was supported by Kerman University of
Medical Sciences, Kerman, Iran [Grant Number
400000896].

Authors' Contributions
Non

Conflict of Interest
The authors declared no conflict of interest.

1. Stelzle D, Tanaka LF, Lee KK, lbrahim Khalil A,
Baussano I, Shah ASV, et al. Estimates of the global
burden of cervical cancer associated with HIV. Lancet
Glob Health. 2021;9(2):e161-€9.
[DOI:10.1016/S2214-109X(20)30459-9] [PMID]

2. Guida F, Kidman R, Ferlay J, Schuz J, Soerjomataram
I, Kithaka B, et al. Global and regional estimates of
orphans attributed to maternal cancer mortality in 2020.
Nat Med. 2022;28(12):2563-72.[PMCID]
[DO1:10.1038/s41591-022-02109-2] [PMID]

3. Wang X, Huang X, Zhang Y. Involvement of Human
Papillomaviruses in Cervical Cancer. Front Microbiol.

Vol.20 No.1 Winter, 2025

2018;9:2896.
[PMID] [PMCID]

4. Roberts CC, Tadesse AS, Sands J, Halvorsen T,
Schofield TL, Dalen A, et al. Detection of HPV in
Norwegian cervical biopsy specimens with type-
specific PCR and reverse line blot assays. J Clin Virol.
2006;36(4):277-82. [DOI:10.1016/j.jcv.2006.03.013]

[PMID]

5. Franco EL, Duarte-Franco E, Ferenczy A. Cervical
cancer: epidemiology, prevention and the role of
human papillomavirus infection. CMAJ.
2001;164(7):1017-25. [PMID] [PMCID]

[DOI:10.3389/fmich.2018.02896]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1016/S2214-109X(20)30459-9
https://www.ncbi.nlm.nih.gov/pubmed/33212031
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9676732
https://doi.org/10.1038/s41591-022-02109-2
https://www.ncbi.nlm.nih.gov/pubmed/36404355
https://doi.org/10.3389/fmicb.2018.02896
https://www.ncbi.nlm.nih.gov/pubmed/30546351
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6279876
https://doi.org/10.1016/j.jcv.2006.03.013
https://www.ncbi.nlm.nih.gov/pubmed/16765639
https://pubmed.ncbi.nlm.nih.gov/11314432/
https://pmc.ncbi.nlm.nih.gov/articles/PMC80931/

10.

11.

12.

13.

14.

15.

16.

Walboomers JM, Jacobs MV, Manos MM, Bosch FX,
Kummer JA, Shah KV, et al. Human papillomavirus is
a necessary cause of invasive cervical cancer
worldwide. The Journal of pathology. 1999;189(1):12-
9. [DOI:10.1002/(SIC1)1096-
9896(199909)189:13.0.CO;2-F]

Lorincz AT, Reid R, Jenson AB, Greenberg MD,
Lancaster W, Kurman RJ. Human papillomavirus
infection of the cervix: relative risk associations of 15
common  anogenital  types. Obstet  Gynecol.
1992;79(3):328-37. [DOI:10.1097/00006250-
199203000-00002] [PMID]

Insinga RP, Dasbach EJ, Elbasha EH. Epidemiologic
natural history and clinical management of Human
Papillomavirus (HPV) Disease: a critical and
systematic review of the literature in the development
of an HPV dynamic transmission model. BMC Infect
Dis. 2009;9(1):119. [DOI:10.1186/1471-2334-9-119]

[PMID] [PMCID]

Ferlay J, Soerjomataram |, Dikshit R, Eser S, Mathers
C, Rebelo M, et al. Cancer incidence and mortality
worldwide: sources, methods and major patterns in
GLOBOCAN 2012. Int J Cancer. 2015;136(5):E359-
86. [DOI:10.1002/ijc.29210] [PMID]

Schiffman M, Wentzensen N. Human papillomavirus
infection and the multistage carcinogenesis of cervical
cancer. Cancer Epidemiol Biomarkers Prev.
2013;22(4):553-60. [DOI:10.1158/1055-9965.EPI-12-
1406] [PMID] [PMCID]

Eslami G, Golshani M, Rakhshon M, Fallah F,
Goudarzi H. The study on relation of Human
Papillomavirus  with  bladder transitional cell
carcinoma. Cancer Therapy. 2008;6:355-60.
[DOI:10.1016/}.ijid.2008.05.791]

Winn Washington C, Allen SD, Janda WM, Koneman
EW, Procop GW, Schreckenberger PC, et al.
Koneman's Color Atlas and Textbook of Diagnostic
Microbiolgy: Lippincott, Williams & Wilkins; 2006.

Kraus I, Molden T, Holm R, Lie AK, Karlsen F,
Kristensen GB, et al. Presence of E6 and E7 mRNA
from human papillomavirus types 16, 18, 31, 33, and
45 in the majority of cervical carcinomas. J Clin
Microbiol. 2006;44(4):1310-7.

[DOI:10.1128/JCM.44.4.1310-1317.2006]

[PMCID]

Miller DL, Puricelli MD, Stack MS. Virology and
molecular ~ pathogenesis of HPV  (human
papillomavirus)-associated oropharyngeal squamous
cell carcinoma. Biochem J. 2012;443(2):339-53.
[DOI:10.1042/BJ20112017] [PMID] [PMCID]

[PMID]

de Villiers EM. Cross-roads in the classification of
papillomaviruses.  Virology. 2013;445(1-2):2-10.
[DOI:10.1016/j.virol.2013.04.023] [PMID]

Doorbar J, Quint W, Banks L, Bravo IG, Stoler M,
Broker TR, et al. The biology and life-cycle of human
papillomaviruses. Vaccine. 2012;30 Suppl 5:F55-70.
[DOI:10.1016/j.vaccine.2012.06.083] [PMID]

Vol.20 No.1 Winter, 2025

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Maryam Fekri Soofi Abadi et al. 31

Pinidis P, Tsikouras P, latrakis G, Zervoudis S,
Koukouli Z, Bothou A, et al. Human Papilloma Virus'
Life Cycle and Carcinogenesis. Maedica (Bucur).

2016;11(1):48-54. [PMID] [PMCID]

Burd EM. Human papillomavirus and cervical cancer.
Clin  Microbiol Rev. 2003;16(1):1-17. [PMID]
[PMCID] [DOI:10.1128/CMR.16.1.1-17.2003]

Wang H, Xie Y, Wang X, Geng X, Gao L.
Characterization of the RACK1 gene of Aips cerana
cerana and its role in adverse environmental stresses.
Comp Biochem Physiol B Biochem Mol Biol.
2023;263:110796. [DOI:10.1016/j.cbph.2022.110796]

[PMID]

Choi Y-Y, Lee SY, Lee WK, Jeon H-S, Lee EB, Lee
HC, et al. RACK1 is a candidate gene associated with
the prognosis of patients with early stage non-small cell
lung cancer. Oncotarget. 2015;6(6):4451.
[DOI:10.18632/oncotarget.2865] [PMID] [PMCID]

Sotlar K, Diemer D, Dethleffs A, Hack Y, Stubner A,
Vollmer N, et al. Detection and typing of human
papillomavirus by e6 nested multiplex PCR. J Clin
Microbiol.  2004;42(7):3176-84.[PMID] [PMCID]
[DOI:10.1128/JCM.42.7.3176-3184.2004]

Mobius G. Cytological early detection of cervical
carcinoma: possibilities and limitations. Analysis of
failures. J Cancer Res Clin Oncol. 1993;119(9):513-21.
[DOI:10.1007/BF01686460] [PMID]

BAHRAMABADI R, ARABABADI MK,
IRANPOUR M, MOHEBBI E, HONARVAR Z,
ABADI MFS, et al. Evaluation of Cervical Cancer
Screening Tools; INNO-LIPA® HPV Genotyping
Extra-1l Assay versus E7/E6 oncoproteins, How is
reliable and practical?

Chinchai T, Chansaenroj J, Junyangdikul P,
Swangvaree S, Karalak A, Niruthisard S, et al.
Comparison between direct sequencing and INNO-
LiPA methods for HPV detection and genotyping in
Thai Women. Asian Pac J Cancer Prev. 2011;12:989-
94.

Arbyn M, Ronco G, Cuzick J, Wentzensen N, Castle
PE. How to evaluate emerging technologies in cervical
cancer screening? International journal of cancer.
2009;125(11):2489-96. [DOI:10.1002/ijc.24774]

[PMID] [PMCID]

Nunobiki O, Ueda M, Toji E, Yamamoto M, Akashi K,
Sato N, et al. Genetic Polymorphism of Cancer
Susceptibility Genes and HPV Infection in Cervical
Carcinogenesis. Patholog Res Int. 2011;2011:364069.
[DOI:10.4061/2011/364069] [PMID] [PMCID]

Tornesello ML, Buonaguro L, Giorgi-Rossi P,
Buonaguro FM. Viral and cellular biomarkers in the
diagnosis of cervical intraepithelial neoplasia and
cancer. Biomed Res Int. 2013;2013:519619.
[DOI:10.1155/2013/519619] [PMID] [PMCID]

Hoste G, Vossaert K, Poppe WA. The Clinical Role of
HPV Testing in Primary and Secondary Cervical
Cancer  Screening. Obstet  Gynecol Int.

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1002/(SICI)1096-9896(199909)189:13.0.CO;2-F
https://doi.org/10.1002/(SICI)1096-9896(199909)189:13.0.CO;2-F
https://doi.org/10.1097/00006250-199203000-00002
https://doi.org/10.1097/00006250-199203000-00002
https://www.ncbi.nlm.nih.gov/pubmed/1310805
https://doi.org/10.1186/1471-2334-9-119
https://www.ncbi.nlm.nih.gov/pubmed/19640281
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2728100
https://doi.org/10.1002/ijc.29210
https://www.ncbi.nlm.nih.gov/pubmed/25220842
https://doi.org/10.1158/1055-9965.EPI-12-1406
https://doi.org/10.1158/1055-9965.EPI-12-1406
https://www.ncbi.nlm.nih.gov/pubmed/23549399
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3711590
https://doi.org/10.1016/j.ijid.2008.05.791
https://doi.org/10.1128/JCM.44.4.1310-1317.2006
https://www.ncbi.nlm.nih.gov/pubmed/16597856
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1448674
https://doi.org/10.1042/BJ20112017
https://www.ncbi.nlm.nih.gov/pubmed/22452816
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3571652
https://doi.org/10.1016/j.virol.2013.04.023
https://www.ncbi.nlm.nih.gov/pubmed/23683837
https://doi.org/10.1016/j.vaccine.2012.06.083
https://www.ncbi.nlm.nih.gov/pubmed/23199966
https://pubmed.ncbi.nlm.nih.gov/28465751/
https://pmc.ncbi.nlm.nih.gov/articles/PMC5394500/
https://www.ncbi.nlm.nih.gov/pubmed/12525422
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC145302
https://doi.org/10.1128/CMR.16.1.1-17.2003
https://doi.org/10.1016/j.cbpb.2022.110796
https://www.ncbi.nlm.nih.gov/pubmed/35973656
https://doi.org/10.18632/oncotarget.2865
https://www.ncbi.nlm.nih.gov/pubmed/25686824
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4414203
https://www.ncbi.nlm.nih.gov/pubmed/15243079
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC446280
https://doi.org/10.1128/JCM.42.7.3176-3184.2004
https://doi.org/10.1007/BF01686460
https://www.ncbi.nlm.nih.gov/pubmed/8325903
https://doi.org/10.1002/ijc.24774
https://www.ncbi.nlm.nih.gov/pubmed/19626591
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2790915
https://doi.org/10.4061/2011/364069
https://www.ncbi.nlm.nih.gov/pubmed/21660264
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3108378
https://doi.org/10.1155/2013/519619
https://www.ncbi.nlm.nih.gov/pubmed/24383054
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3872027

32 Association Between RACK1 Gene Polymorphisms rs1279736 and rs3756585

29.

30.

31.

2013;2013:610373.
[PMID] [PMCID]

Wang N, Liu F, Cao F, Jia Y, Wang J, Ma W, et al.
RACK1 predicts poor prognosis and regulates
progression of esophageal squamous cell carcinoma
through its epithelial-mesenchymal transition. Cancer
biology & therapy. 2015;16(4):528-40. [PMID]
[PMCID] [DOI:10.1080/15384047.2015.1016687]

Xiao T, Zhu W, Huang W, Lu SS, Li XH, Xiao ZQ, et
al. RACK1 promotes tumorigenicity of colon cancer by
inducing cell autophagy. Cell Death Dis. 2018;
9(12):1148. [DOI:10.1038/s41419-018-1113-9]

[PMID] [PMCID]

Lee WK, Lee SY, Choi JE, Seok Y, Lee EB, Lee HC,
et al. Development of a prognosis-prediction model
incorporating genetic polymorphism with pathologic
stage in stage | non-small cell lung cancer: A
multicenter study. Thorac Cancer. 2017;8(3):251-9.
[DOI:10.1111/1759-7714.12434] [PMID] [PMCID]

[DOI:10.1155/2013/610373]

Vol.20 No.1 Winter, 2025

32.

33.

34.

35.

Zhang L, Lv Y, Rong Y, Chen W, Fang Y, Mao W, et
al. Downregulated expression of RACK1 results in
pancreatic cancer growth and metastasis. Onco Targets
Ther. 2019;12:1007-20. [DOI:10.2147/0TT.S176101]

[PMID] [PMCID]

Deng YZ, Yao F, Li JJ, Mao ZF, Hu PT, Long LY, et
al. RACK1 suppresses gastric tumorigenesis by
stabilizing the beta-catenin destruction complex.
Gastroenterology. 2012;142(4):812-23 el5.
[DOI:10.1053/j.gastro.2011.12.046] [PMID]

Wu H, Song S, Yan A, Guo X, Chang L, Xu L, et al.
RACK1 promotes the invasive activities and lymph
node metastasis of cervical cancer via galectin-1.
Cancer Lett. 2020; 469:287-300.
[DOI:10.1016/j.canlet.2019.11.002] [PMID]

Yang D, Lu X, Zhang X, Zhang X, Zhu L, Liu Q.
RACK1 promotes the occurrence and progression of
cervical carcinoma. J Clin Lab Anal. 2024;38(4):
e25012. [DOI:10.1002/jcla.25012] [PMID] [PMCID]

IRANIAN JOURNAL OF PATHOLOGY


https://doi.org/10.1155/2013/610373
https://www.ncbi.nlm.nih.gov/pubmed/23935630
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3713364
https://www.ncbi.nlm.nih.gov/pubmed/25719728
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC4622983
https://doi.org/10.1080/15384047.2015.1016687
https://doi.org/10.1038/s41419-018-1113-9
https://www.ncbi.nlm.nih.gov/pubmed/30451832
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6242835
https://doi.org/10.1111/1759-7714.12434
https://www.ncbi.nlm.nih.gov/pubmed/28371058
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5415483
https://doi.org/10.2147/OTT.S176101
https://www.ncbi.nlm.nih.gov/pubmed/30774385
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6362924
https://doi.org/10.1053/j.gastro.2011.12.046
https://www.ncbi.nlm.nih.gov/pubmed/22240482
https://doi.org/10.1016/j.canlet.2019.11.002
https://www.ncbi.nlm.nih.gov/pubmed/31705928
https://doi.org/10.1002/jcla.25012
https://www.ncbi.nlm.nih.gov/pubmed/38305509
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC10943258

