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Abstract

Background: Understanding the type, frequency, and location of mutations in the programmed death
receptor-1 ligand (PD-L1) and programmed death receptor-1 (PD-1) genes in cervical cancer is essential
for advancing our knowledge of the underlying mechanisms of gene mutation in the disease. This
understanding is crucial for developing targeted therapies, improving early detection techniques, and
providing individualized treatment plans for those affected by cervical cancer. This study aimed to
determine mutations in PD-L1 and PD-1 genes in Squamous Cell Carcinoma of the Cervix.

Methods: This retrospective study employed a total of twenty formalin-fixed, paraffin-embedded tissue
blocks of cervical cancer. The Nucleic Acid Amplification Technique was used, including DNA
extraction and Polymerase Chain Reaction for DNA sequencing. The amplified fragments were
sequenced using a genetic analyzer 3130xl sequencer. Kapelan Bio-Imaging Solutions software version
2.7.2 was used to measure the length of the PD-L1 and PD-1 isoforms. Data were presented as simple
frequency and percentage using an Excel spreadsheet.

Results: The photomicrograph of the benign cervical cancer showed rounded to oval structures with
layers of stratified squamous epithelial cells with distinct nuclei and no signs of dysplasia. In contrast,
the photomicrograph of the malignant cervical cancer tissue showed dysplasia, nuclear polymorphism,
increased nucleo-cytoplasmic ratio, and disorganized tissue architecture. Single nucleotide
polymorphisms (SNPs) and functional mutation occurred along PD-L1 and PD1 genes respectively.
Transversion mutation occurred in 37.5% of SNPs along the PD-L1 gene, while transition mutation
occurred in 62.5% of SNPs along the PD-L1 gene. Missense mutation recorded 100% occurrence in the
PD-L1 gene, while the PD-1 gene had 80% silent mutation and 20% missense mutation respectively.

Conclusion: Mutations were found in both PD-L1 and PD-1 genes in cervical cancer cells, with a greater
number of mutations in the PD-L1 gene compared to the PD-1 gene, providing potential therapeutic
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targets for PD-1/PD-L1 inhibitors. As PD-1/PD-L1 blockade therapy is expected to become a prominent
cancer immunotherapy technique soon, targeting PD-1 or PD-L1 in cancer immunotherapy may
effectively induce long-lasting anticancer immune responses with reduced toxicity in various cancers,

particularly cervical cancer.
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Introduction

Cervical cancer is the fourth most common
malignant tumor and the primary cause of
cancer-related death in women, particularly in
areas with relatively low human development
indices. These indices include life expectancy,
income, and level of education (1).
Approximately 90% of deaths from cervical
cancer occur in low- and middle-income
countries. In Nigeria, cervical cancer ranks as the
second most common cancer among women
aged 15 to 44 years and the third most common
overall (2). While the implementation of cancer
screening and the widespread use of human
papillomavirus (HPV) vaccines have the
potential to reduce the incidence and mortality of
cervical cancer, 15% of patients are diagnosed
with metastatic disease at the time of diagnosis
(3). The only available treatment for patients
with advanced or metastatic cervical cancer is
chemoradiotherapy with or without anti-
angiogenesis agents, but the survival rate
remains relatively low (4).

Patients with early-stage cervical cancer can
benefit from radical surgical resection or
radiation therapy, resulting in a favorable 5-year
overall survival (OS). Those undergoing surgical
resection for early-stage cervical cancer have a
90% 5-year survival rate, while those with
advanced or metastatic cancer have a 5-year
survival rate of less than 5% (5), highlighting the
need for innovative, long-lasting, and effective
treatment options.

Immunotherapy is a relatively new anti-tumor
treatment that stimulates the immune system to
fight tumor cells by removing the
immunosuppression of the immunological
microenvironment. For B7 expressed on T-cells

to bind to major histocompatibility complex 1
(MHC-1) molecules on antigen-presenting cells
and activate T-cells to trigger an immunological
response, the immune system must maintain a
dynamic balance between activation and
repression (6). However, T-cell activity may be
suppressed when programmed death receptor-1
(PD-1), expressed on immune cells such as T-
cells, binds to programmed death receptor-1
ligand (PD-L1), an inhibitory pathway molecule
expressed on the surface of antigen-presenting
cells (APC) or tumor cells (7). Tumor cells with
increased PD-L1 expression have a reduced
immunological microenvironment, impairing T-
cell activity and preventing tumor cell
eradication (8). PD-1/PD-L1 inhibitors work by
obstructing the PD-1/PD-L1 pathway, Killing
tumor cells, and reversing immunosuppression to
stimulate the immune system. Research into
potential PD-1 and PD-L1 gene mutations in
cervical cancer is necessary. (8).

The PD-1/PD-L1 axis is a well-known immune
checkpoint pathway that allows cancer cells to
evade the immune system, suppressing the
immune response in various solid tumor types,
including cervical cancer (9). Meng et al. (10)
found that 60.82% (59/97) of patients had PD-1
expression in the tumor stroma of cervical
cancer, while another study found that 46.97%
(31/66) of patients had PD-1 expression (11).
PD-L1 expression was infrequently detected in
histologically normal cervical tissues but was
found to be expressed in 34.4-59.6% of cervical
cancer tissues (12). Reddy et al. (13) reported
that 32 out of 93 (34.4%) cervical carcinoma
samples had positive PD-L1 expression, with 28
out of 74 (37.8%) being squamous cell
carcinomas of the cervix (SCCs), 2 out of 7
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(28.6%) being adenosquamous carcinomas, and
2 out of 12 (16.7%) being endocervical
adenocarcinomas. While many studies have
investigated the expression of PD-L1 and PD-1
in cervical cancer, few have explored mutations
in the PD-L1 and PD-1 genes in cervical cancers
(13). The purpose of this study is to identify
potential genetic mutations in the PD-L1 and
PD-1 genes that may be associated with
squamous cell carcinoma of the cervix. These
genes play a crucial role in the immune system'’s
ability to recognize and fight cancer cells. By
identifying mutations in these genes, the study
aims to gain a better understanding of the
molecular mechanisms underlying this type of
cancer, which may ultimately inform the
development of new diagnostic and therapeutic
strategies.

Methods and materials

Study design

This research employs a retrospective survey
design to investigate the mutation of PD-L1 and
PD-1 genes in subjects with cervical cancer.

Sample collection

A total of 20 cervical cancer tissue blocks were
obtained from the pathology archive of Obafemi
Awolowo  University  Teaching  Hospital
Complex (OAUTHC) in Ibadan, Oyo State,
Nigeria. The subjects were aged 20-50 years and
were of different religions, educational
backgrounds, occupations, etc. All analyses were
conducted in the Molecular Laboratory, at the
University of Ibadan, in Oyo State, Nigeria.
Frozen samples are stored at -20°C or -80°C to
preserve nucleic acids, proteins, and other
biomolecules. All twenty tissue blocks retrieved
were formalin-fixed, paraffin-embedded tissue
blocks consisting of ten benign cases and ten
malignant tissues of the cervix

Sample analysis:

DNA extraction

DNA extraction was performed using a modified
Dellaporta DNA extraction protocol. Briefly,
samples on slides were carefully scraped into a
sterile  mortar containing 500ml Dellaporta
extraction buffer (100 mM Tris pH 8, 51 ml
EDTA pH 8, 500 mM NaCl, 10mM
mercaptoethanol) and ground with a sterile
pestle. The mixture was collected in a sterile
Eppendorf tube and 33 pl of 20% SDS was
added, followed by brief vortexing and
incubation at 65°C for 10 minutes. At room
temperature, 160 pl of 5 M potassium acetate
was added, vortexed, and then 600 pl of Phenol
Chloroform Isoamyl Alcohol in a 25:24:1 ratio
was added. The mixture was vortexed and
centrifuged at 10,000 g for 10 minutes. The
supernatant was collected in another Eppendorf
tube and 400 pl of cold isopropanol was added,
gently mixed, and kept at 20°C for 60 minutes.
Centrifugation at 13000g for 10 minutes was
done to precipitate the DNA after which the
supernatant was gently decanted ensuring the
pellet was not disturbed. The DNA was then
washed with 500 pl of 70 % ethanol by
centrifuging at 10000g for 10 minutes. The
ethanol was decanted and the DNA was air-dried
at room temperature until no trace of ethanol was
visible in the tube. The pellet was then
resuspended in 50 pl of Tris EDTA buffer to
preserve and suspend the DNA (14).

Polymerase chain reaction

The PCR sequencing preparation cocktail for all
PCR reactions consisted of 10 pl of 5x GoTaq
colorless reaction, 3 pl of 25mM MgCly, 1 ul of
10 mM dNTPs mix, 1 ul of 10 pmol each primer
(Table 1) and 0.3units of Tag DNA polymerase
(Promega, USA) made up to 35 pl with sterile
distilled water 15ul of DNA template was added.
PCR was conducted in a GeneAmp 9700 PCR
System Therma Cycler (Applied Biosystem Inc.,
USA) with a specific PCR profile for each
primer as presented in the table 1.
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Table 1: PCR profile and primers for PD1/PDL1

Gene Primer  Primer Sequence PCR profile

Name  Name

PDL1 PDL1IF CAGTCACCTCTGAACATGAA An initial denaturation at 94°C
PDLIR  TTCCTCAGGATCTAATCTCCTA for 5 mins; followed by a 30

PDCD1 PDCD1F CAGACAGGCCCTGGAAC
PDCD1R CGCAGGCTCTCTTTGATCT

cycle consisting of 94°C for
30s, 48°C for 30s and 72°C for
1 minute and a final termination
at 72° for 10 minutes

An initial denaturation at 94°C
for 5 mins; followed by a 30
cycle consisting of 94°C for
30s, 48°C for 30s and 72°C for
1 minute and a final termination
at 72° for 10 minutes

Integrity

The integrity of the amplified gene fragment was
checked on a 1.5% agarose gel run to confirm
amplification. The buffer (1XTAE buffer) was
prepared and subsequently used to prepare a
1.5% agarose gel. The suspension was boiled in
a microwave for 5 minutes. The molten agarose
was allowed to cool to 60°C and stained with 3l
of 0.5 g/ml ethidium bromide (which absorbs
invisible UV light and transmits the energy as
visible orange light). A comb was inserted into
the slots of the casting tray and the molten
agarose was poured into the tray. The gel was
allowed to solidify for 20 minutes to form the
wells. The 1XTAE buffer was poured into the
gel tank to barely submerge the gel. Two
microliters (2 pl) of 10X blue gel loading dye
(which gives color and density to the samples to
make it easy to load into the wells and monitor
the progress of the gel) was added to 4l of each
PCR product and loaded into the wells after the
100bp DNA ladder was loaded into well 1. The
gel was electrophoresed at 120V for 45 minutes
visualized by ultraviolet transillumination and
photographed. The sizes of the PCR products
were estimated by comparison with the mobility
of a 100bp molecular weight ladder that was run
alongside experimental samples in the gel (15).

Purification of amplified product

After gel integrity was confirmed, the amplified
fragments were purified using ethanol to remove
the PC reagents. Briefly, 7.6 pl of Na acetate 3M
and 240 pl of 95% ethanol were added to each,
about 40ul PC amplified product in a new sterile
1.5ul Eppendorf tube, mixed thoroughly by
vortexing and kept at 20°c for at least 30
minutes. Centrifugation for 10 minutes at 1300g
and 4°C followed by removal of supernatant
(invert tube once) after which the pellet was
washed by adding 150ul of 70% ethanol and
mixed then centrifuged for 15 minutes at 75009
and 4°c. Again, remove all supernatant (Invert
tube on trash) invert the tube on paper tissue, and
let it dry in the fume hood at room temperature
for 10-15min then resuspend with 20ul of sterile
distilled water and keep in 20°% before
sequencing. The purified fragments were
checked on a 1.5% agarose gel run at a voltage
of 110V for about 1 hour as previously to
confirm the presence of the product and
quantified using a Nano-Drop of model 2000
from Thermo Scientific (15).

Sequencing
The amplified fragments were sequenced using a

genetic analyzer 3130xI sequencer from Applied
Biosystem according to the manufacturer's
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instructions, while the sequencing kit used was
that of the Big Dye terminator v3.1 cycle
sequencing kit Bio-Edit software and MEGA 6
was used for all genetic analysis.

Data analysis

Kapelan Bio-Imaging Solutions software version
2.7.2 was used to measure the length of the PD-
L1 and PD-1 isoforms. Data obtained from the
study were analyzed in Microsoft Excel using
simple frequency and percentage. Results were
presented using tables, charts, and graphs
respectively.

Results

The clinical information and demographic
characteristics of the participants under study are
shown in Table 2. Twenty female participants
with cervical cancer were enrolled in the study;
15% were in the 20-30 age range, 35% were in
the 31-40 age range, and 50% were in the 41-50
age range. Most of the participants were married
(75%), Christian (75%), had completed
secondary school (45%), worked for the
government (45%), had no family history of
cancer (70%), had one or two children (55%),
and resided in an urban region (75%).

Figure 1 is an agarose gel electrophorogram
showing positive amplification of the PD-L1
gene, with a band size of approximately 200bp
indicating positive amplification.

Plate 1 showed an H&E-stained micrograph of a
benign cancer of the cervix, with the nucleus
stained purple and cytoplasm-stained pink. The
cervix exhibits rounded to oval structures with
layers of stratified squamous epithelial cells at
x100 magnification. At x400 magnification, the
epithelial cells displayed distinct nuclei and no
signs of dysplasia. Plate 2 is H&E-stained
malignant cervical cancer tissue showing
dysplasia, nuclear polymorphism, increased
nucleo-cytoplasmic ratio, and disorganized tissue
architecture.

Table 2: Demographic characteristics and
clinical details of the subject
Variable Frequency (%0)
Age (years)
20-30 3 (15.0%)
31-40 7 (35.0%)
41 -50 10 (50.0%)
Marital status
Single 2 (10.0%)
Married 15 (75.0%)
Divorced/Separated 3 (15.0%)
Educational status
Primary 5 (25.0%)
Secondary 6 (30.0%)
Tertiary 9 (45.0%)
Occupation
Government employed 9 (45.0%)
Self-employed 8 (40.0%)
Unemployed 3 (15.0%)
Religion
Christian 15 (75.0%)
Muslim 4 (20.0%)
African traditional religion 1 (5.0%)
Residence
Urban 15 (75.0%)
Rural 5 (25.0%)
Parity
Nulliparous 6 (30.0%)
1 -2 births 11 (55.0%)
3 & above 3 (15.0%)
Nature of cancer
Malignant 10 (50.0%)
Benign 10 (50.0%)

Figure 1: Agarose gel electrophorogram showing
positive amplification of PD-L1 gene
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Plate 1: H&E-stained micrograph of a benign cancer of the cervix

100x

400x

Plate 2: H&E-stained photomicrograph of malignant cervical cancer tissue

Table 3 presents the mutation type, locations
along the nucleotide sequence, and frequency
along the PD-1 and PD-L1 gene regions. The
results for PD-L1 showed mutations of G to C in
location 18 (17:3) changing ATG (methionine)
to ATC (isoleucine), mutation of G to C in
location 126 (17:3) changing glycine to alanine,
and transition mutation of A to G in location
202(10:10) changing aspartate to asparagine. On
the other hand, PD1 displayed mutations from C
to T in location 31(16:3) changing proline to
serine, and mutation from C to T in location

161(11:8) retaining alanine. Figure 2 displays an
agarose gel electrophoresis image demonstrating
positive amplification of the PD1 gene, with a
band size of approximately 300bp indicating
positive amplification. Figure 3 illustrates the
percentage of single nucleotide polymorphism
along the PD-L1 and PD1 gene regions in
cervical cancer. The results show that only a
transition mutation (100%) was present in the
PD1 gene, while 37.5% transversion and 62.5%
transition mutations were present in the PD-L1
gene. Indel mutations were absent in both genes.
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Figure 2: Agarose gel electrophorogram showing positive amplification of PD1 gene

Table 3: Mutation types in the PD-L1 and PD-1 genes in cervical cancer
Gene Mutation Description Location/  Mutation Type Description
Type Type Frequency
PD-L1 Transversion G:.C 18(17:3) Missense mutation changing methionine to
isoleucine
G:.C 126(17:3)  Missense mutation changing glycine to alanine
Transition A:G 202(10:10) Missense mutation changing aspartate to asparagine
PD1 Transversion
Transition C:T 31(16:3) Missense mutation changing proline to serine.
C:T 161(11:8)  Silent mutation retaining alanine

120.00%
100.00%
80.00%
60.00%
40.00%
20.00%

0.00%

PD-11 PD1

Transition

Transversion

Figure 3: Percentage of single nucleotide
polymorphism along the PD-L1 and PD1 gene
regions in cervical cancer.

Figure 4 illustrates the percentage of functional
mutations along the PD-L1 and PD-1 genes,
respectively. The results reveal that PD-L1
displays 100% missense mutation, while PD-1
showed 20% missense mutation and 80% silent
mutation. Nonsense mutations were absent in
both the PD-L1 and PD1 genes.

Discussion

Advances in our understanding of the underlying
mechanisms of gene mutation in cervical cancer,
the development of targeted therapies (gene
therapies), the improvement of early detection
methods, and the creation of personalized
treatment plans for those affected by the disease
depend on our ability to identify the type,
frequency, and location of mutations in the PD-
1/PD-L1 genes.
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Figure 3: Percentage of functional mutations
along the PD-L1 and PD-1 genes in cervical
cancer.

In this study, mutations were found in the PD-L1
and PD-1 genes in cases of cervical cancer. PD-
L1 is expressed on the surface of tumor cells,
while PD-1 is expressed on the surface of
immune cells. Mutations in the PD-L1 and PD-1
genes in cervical cancer may be due to the
overexpression of the PD-L1 gene on PD1,
leading to immune evasion.

Human Papillomavirus (HPV) is the primary
cause of cervical cancer. Variations in PD-L1
and PD1 interactions with the immune system
may be caused by HPV's ability to manipulate
the immune response through the upregulation of
PD-L1 on infected cells (16). This finding is
consistent with a previous study suggesting that
viruses can evade the immune response by
overexpressing PD-L1 (17). According to Alsaab
et al. (18), there is a correlation between a higher
risk of cervical cancer and the interaction
between PD-L1 and PD-1 on their signal
pathways. A plausible theory is that mutations in
the PD-L1 and PD-1 signal pathways lower the
immune response, accelerating tumor
heterogeneity and increasing the severity of
cervical cancer.

In the human genome, single nucleotide
polymorphisms (SNPs) are the most common
genetic variants, with a minor allele frequency

(MAF) of more than 1% occurring
approximately once every 300 base pairs on
average (19). According to this study, the most
common SNPs in the PD-L1 and PD-1 genes
were transition mutations. In a study on cervical
squamous cell carcinoma (SCC), 80% (56/70) of
patients had PD-L1 gene expression (20). In the
TCGA database for cervical SCCs, the
amplification or gain of PD-L1 and PDCD-1
were found in 28 of 129 (22%) cases (21). These
findings indicate the widespread expression of
both PD-L1 and PD-1 in the stroma and tumor
cells of cervical cancer, suggesting both
pathways as viable targets for PD-1/PD-L1
inhibitor  therapy. The results of this
investigation are consistent with earlier research
that found transversion mutations (39.9%) to be
the least common mutation in the PD-L1 gene
and transition mutations (60.1%) to be the most
common SNPs mutation (19,22). This suggests
that the SNPs in the PD-L1 gene exhibit a
transition mutation pattern, possibly because
transversion mutations have a greater impact on
transcription factor binding due to changes in the
minor groove width and roll of DNA (23).

The results of this study revealed that missense
mutations converting methionine to isoleucine,
glycine to alanine, and aspartate to asparagine
were the most common functional mutations in
the PD-L1 gene. In contrast, silent mutations
were predominant in the PD-1 gene, specifically
retaining alanine, with a missense mutation
altering proline to serine following closely. This
finding is in line with Zhang et al. (24), who also
observed silent and missense mutations in the
PD-1 gene.

Missense mutations being the most prevalent in
the PD-L1 gene modify the protein's amino acid
sequence and enhance binding to PD-1. This
could potentially enhance immune evasion by
cancer cells leading to increased tumor growth
and progression (24). This is consistent with
previous research suggesting that missense
mutations can impact PD-L1 gene function,
affecting programmed cell death control and
protein synthesis (17,25-26). The specific amino
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acid substitution resulting from a missense
mutation can influence protein structure and
function, potentially leading to abnormal cellular
processes and contributing to the development or
progression of squamous cell carcinoma of the
cervix (9). On the other hand, silent mutations do
not alter the protein sequence, but may still affect
function through various pathways like RNA
splicing, translation efficiency, or stability (27).

In this study, transition mutation was the most
prominent, occurring in 100% of cases on the
PDCD-1 gene. This may be attributed to the
different conformations of purines and
pyrimidines, as purines have a bicyclic structure
while pyrimidines have a single-ring structure
(13). Consequently, the process of transversion is
likely more complex than that of transition. This
finding is consistent with previous research that
identified transition mutations as the primary
mutation in the PD-1 gene (13,29).

The observation of PD-L1 protein expression in
73% of cervical cancer tissues, with high
expression in 44% of cases, was supported by
histological findings from Heeren et al. (29).
This further validates the evidence obtained in
the mutational pattern of PD-L1 and PD-1 in
cervical cancer. Another study found a
significant  correlation  between  PD-L1
expression and both tumor size and lymph node
metastasis. Additionally, immunohistochemistry
(IHC) staining revealed a notable association
between PD-L1 expression and mutations in the
PD-L1 gene.

The PD-L1 and PD-1 axis was activated in 56%
of cases, indicating an immune suppressive
microenvironment (30). These results suggest
that the PD-L1/PD1 axis plays a crucial role in
immune evasion and the progression of cervical
cancer. Mutational analysis can help identify
patients who may benefit from immunotherapy

Conclusion

In conclusion, mutations were found in both the
PD-L1 and PD-1 genes in cervical cancer cells.

There were more mutations in the PD-L1 gene
compared to the PD-1 gene, suggesting potential
therapeutic targets for PD-1/PD-L1 inhibitors.
As PD-1/PD-L1 blockade therapy is expected to
become a prominent cancer immunotherapy
technique soon, targeting PD-1 or PD-L1 in
cancer immunotherapy may effectively induce
long-lasting anticancer immune responses with
reduced toxicity in various cancers, particularly
cervical cancer. Further studies utilizing a larger
sample size are required to confirm the findings
of this study.
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