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Background: Cyclophilin A (CypA) is a highly conserved protein that is expressed in a wide range of tissues and cell types and plays
roles in inflammation, oxidative stress, and viral infection. CypA may influence oxidative stress pathways during cytomegalovirus
(CMYV) infection through its modulation of cellular redox balance and signaling pathways involved in oxidative stress responses;
CypA is a promising marker of abortion in women infected with CMV. Aims: To investigate CypA genetic polymorphism and its
serum in Iraqi women with abortion due to infection with CMV. Methods and Materials: A total of 200 blood samples were collected
from women who had abortions and were admitted to the Maternity and Children’s Hospital in Hilla. In total, 50 healthy women
control were diagnosed with VIDAS machine for [gM CMYV and IgG CMYV Kkits, single nucleotide polymorphism sites of rs4720485
and rs8177826 were analyzed by PCR-RFLP, and CypA serum level determined by enzyme-linked Immunosorbent assay (ELISA).
Results: Among the total number of samples, we found 60 (30%) CMV were positively obtained from women with abortion, divided
into six (3%) samples that were seropositive to CMV IgM, 4(2%) samples that were seropositive to CMV IgM + IgG and 50 (25%)
samples positive to IgG only, ELISA analysis showed CypA level concertation with CMV were IgM and IgG are high, analysis for
PPIA polymorphisms (rs 4720485A/T and rs 8177826C/G) that both are not significant between the patient group and control group.
Conclusions: To evaluate the role of CypA levels in women who experienced abortion due to CMYV infections during pregnancy. The
results of the study demonstrated a significant increase in CypA levels in women who were infected with CMV, leading to abortion.
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INTRODUCTION in abundance intra- and extracellularly, intracellular and
is involved in protein folding, protein trafficking, and
protein activation.® The extracellular CyPA is secreted
by many types of cells, such as vascular smooth muscle
cells, endothelial cells, and macrophages, as a response
to oxidative stress; CypA may influence oxidative stress
pathways during CMV infection through its modulation
of cellular redox balance and signaling pathways involved
in oxidative stress responses.”’ A successful microbial
infection depends on the host protein CypA. These

Cytomegalovirus (CMV) is a DNA virus that has an
envelope around it. The virus enters human cells by
membrane fusion and can transmit by different routes of
transmission, and can manipulate the cellular functions
of the host’s cells to get the opportunity to multiply
and establish a latent infection.!! When CMYV enters
the cell, it stimulates the secretion of pro-inflammatory
cytokines such as Cyclophilin A (CyPA). During lytic
infection, CypA is involved in the production of virus
particles, where it can interact with viral proteins such
as viral kinases and modulation kinases functions.”
Moreover, CypA may have a role in latent infection where
cyclophilin is required for the establishment of human
CMYV latency and is associated with the maintenance of
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proteins may either promote or inhibit virus replication,
depending on the host cell type and the viral species.
CypA plays an essential role in regulating the life cycle
of several etiological agents.) CypA is encoded by the
peptidyl-prolyl isomerase A (PPIA) gene. Human PPIA
is a 165 amino acid protein conserved across species.[” The
CypA gene is located on human chromosome 7 (7pl3)
and consists of several exons and introns. The exons are
the coding regions of a gene that contain the information
necessary for the synthesis of a functional protein. They
are transcribed into RNA and then translated into
protein. In contrast, introns are noncoding regions of
the gene that are transcribed into RNA but are spliced
out during the RNA processing steps before translation,
while the introns do not contribute directly to the protein-
coding sequence. It spans approximately 4.7 kilobases
in length.®! Many diseases may be caused by this virus,
but the most common syndrome caused by this virus is
its effectivity on a pregnant woman and causes abortion.
Several contradictory studies that describe the relationship
between human CMYV infection and pregnancy loss
demonstrate that HCMV can cause miscarriage or
stillbirth. Pregnancy-related HCMV susceptibility rates
are well documented and among women of childbearing
age.

MareriaL AND MEeTHODS

Study design and blood collection

In the study conducted at the Maternity and Children’s
Hospital in Hilla governorate, 200 women patients with
a history of abortion were examined over a period of
3 months, specifically from March 2022 to May 2022.
Additionally, a control group consisting of 50 women with
no previous CMV infections was included for comparison.
To collect the blood samples, strict aseptic conditions were
maintained. Approximately SmL of blood was collected
from each participant through vein puncture after the
skin was properly cleaned. After collection, 2mL of which
were kept in an EDTA tube and used for extraction of
human DNA. And 3mL from the blood samples were
allowed to clot by incubating them. Subsequently, the
samples were centrifuged at 3000rpm for a duration of
Smin. This centrifugation process separated the serum
from other blood components, and it was then carefully
collected in sterile containers. The serum was collected in
sterile containers and stored at (-20°C) until tested.

Detection of CMV IgM and IgG

Serological detection for CMV IgM, IgGUY. All serum
samples have estimated the concentration of levels for
virus-specific antibodies Anti-IgG and IgM markers
using Vidus Kits for CMV IgM, IgG was used (Biomereux
Company, Etoile, France).

Measurement of CypA serum level by enzyme-linked
immunosorbent assay (ELISA) Kit (E0672Hu)

The level of serum CypA was measured using an ELISA
according to the manufacturer’s instructions. Before
carrying out the experiments, serum samples were
brought to room temperature, vortexed, and centrifuged.
Absorbance measurements were done in a microplate
reader at 450. All samples were run by duplicate, and the
concentrations were calculated using a standard curve.
The range of determination was 0.5-200ng/mL for
CypA. Serum levels below the lower determination limit
were undetectable and considered 0 pg/mL for statistical
analysis. For intra and inter-sandwich assays, coefficients
of variation of the ELISA kits were <10%.

DNA extraction

Blood samples were collected from the subjects
into disposable blood collection tubes (containing
anticoagulant EDTA-Na2), and then the samples were
immediately transferred to cryopreservation tubes and
stored at —80°C. Genomic DNA was extracted and
purified from whole blood samples using a genomic
DNA purification kit according to the manufacturer’s
instructions (Geneaid Biotech, Bioneer, Korea). By
following these steps, we can obtain high-quality
genomic DNA from the blood samples, which can be
used.

Genotyping of single nucleotide polymorphisms (SNPs)
Genotyping was performed using PCR-restriction
fragment length polymorphism (PCR-RFLP) assay.!'!
PCR-RFLP was carried out with 35 cycles of denaturing at
94.8°C for 30s, annealing at 60.8°C for 30s, and extension
at 72.8°C for 45s. The PCR product was digested with
respective restriction enzymes (New England Biolabs,
http://www.neb.com) overnight and then separated into
3% agarose gels. Genotyping primers and conditions are
presented in Table 1.

Table 1: Genotyping methods for PPIA SNPs

Primer name PCR primer sequence Restriction enzyme Amplicon size Product size after digestion (bp)
PPIA-489-Forward cggctggaatgeagtgat Taql 199 bp A: 41,158

PPIA-489-Reverse acgcttcatcttaggagtacgac T: 41,55,103

PPIA-1575-Forward aagtcgcagacccgattg Haelll 250 bp C: 110, 40, 36, 28, 19
PPIA-1575-Reverse actttctgggecccatte G: 138, 40, 36,19
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Table 2: Comparison of the allele and genotype frequencies between the abortion patient group and control group

SNPs Allele/Genotype Abortion group (number, %) Control group (number, %) Odds ratio 95% Cl P value
14720485 Allele
A 68 (57) 58 (58) 0.947 0.55-1.62
T 52 (43) 42 (42) 1.056 0.62-1.81 0.84
AA 12 (20) 10 (20) 1 (Reference)
AT 44 (73.3) 38 (76) 0.96 0.38-2.48 0.82
rs8177826  TT 4(6.7) 2(4) 1.67 0.25-11.07 0.82
Allele
C 108 (90) 88 (88) 1.23 0.53-2.87
G 12 (10) 12 (12) 0.815 0.35-1.9 0.64
CC 53 (16.6) 41(8) 1 (Reference)
CG 2(10) 6 (6) 0.26 0.05-1.34 0.2
GG 5(75.4) 3 (86) 0.361.29 0.29-5.71 0.2

Ethical approval

The necessary ethical approval was obtained through
verbal consent. This study was approved by the Committee
of Publication Ethics at the College of Medicine, Babylon
Province, Iraq, under reference no, BMS/0203/016.

ResuLts

Human CMV seroprevalences in women with abortion
The prevalence rate of human CMV (HCMYV) among
women who experienced abortion in a specific population.
Among 200 clinical samples from female patients who
had one or more abortions and attended the maternity
and Children’s Hospital in Hilla government over three
months from March 2022 to May 2022 of the total number
of samples, 60 (30%) samples were positive for the CMV,
divided into six (3%) samples were seropositive to CMV
1gM, 4 (2%) samples were seropositive to CMV IgM and
IgG and 50 (25%) samples positive to IgG only and 140
(70%) of the samples yielding seropositive results for
other causes. The control group (50 women) in this study
showed negative results for both IgG and IgM, which
means the samples were non-infected with this virus.

PPIA genotypes and allele frequencies

Genotyped a total of 110 DNA samples in this study,
including 60 patient groups and 50 control groups. The
genotypic distributions of SNPs rs4720485 and rs8177826
conformed to HWE in the patient group and control
group (P > 0.05), as shown in Table 2. The result shows
SNPs were found in rs4720485 genotype included A and T
where the allele frequency for A (57%) and T (43%) from
in women patients with abortion, whereas, in the control
group that found the A allele about (58%) and T (42%),
this result approve that there are no significant between the
patient group and control group in this locus [Figure 1].

Another study on SNPs PPIA is 1s8177826, included
genotypes C and G where the allele frequency for C
(90%) and G (10%) from women patients abortion and

'
200bp __—158bp

100bp - ~———— 103bp
50bp - ~—55bp

Figure 1: Genotyping of rs4720485 by PCR-RFLP, PCR amplicon 199bp
was digested by Taq1 restriction enzyme, which produces 41 + 55 +
103 fragments when T allele present and produce 158 and 41 when A
allele present, lanes L = 50 + 100bp step DNA ladder; lanes 5,7 and
9 = AA genotype; lanes 2, 3, 4, 5, 8, and 10 AT genotype; lanes 1 =
TT genotype.

in a control group that found the C allele (88%) and G
allele (12), this result showed there no significant between

the patient group and control group in this genetic locus
[Figure 2].

Serum levels of CypA in women with abortion

CypA is determined by ELISA, as shown in Table 3; the
result showed that the infection with CMV was IgM is
high in patient serum, giving rise to an increase in CypA
level at high estimate also; CypA levels are also found to
be high in women patient with CMV were IgG is high also,
This is the first study indicate the relationship between
CMV IgM, IgG levels with CypA level, were the previous
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Table 3: Correlation analysis between IgM, IgG, and serum CypA level

CYPA IGM IGG Mean
CYPA Pearson correlation 1 0.851™ 0.801™ 26.0730
Sig. (2-tailed) 0.000 0.000
N 110 110 110
IGM Pearson correlation 0.851™ 1 0.544" 0.7475
Sig. (2-tailed) 0.000 0.000
N 110 110 110
IGG Pearson correlation 0.801" 0.544™ 1 20.7992
Sig. (2-tailed) 0.000 0.000
N 110 110 110

. Correlation is significant at the 0.01 level (2-tailed)

Figure 2: GENOTYPING OF rs8177826 by PCR-RFLP, PCR amplicon
250 bp was digested by Haelll restriction enzyme, which produces 36
+ 47 + 19 + 28 + 110 fragments when the C allele present and
produce 36 + 47 + 19 + 138 when the G allele is present, lane L
100 bp DNA ladder; lanes 1, 2, 7, 8, 9, 10, 11, 14, 16, 17, and 18 CC
genotype; lanes 3, 6, and 13 CG genotype; lanes 4, 5, 12, and 15 GG
genotype.

studies have focused in the relationship between CypA
and the virus assembly replication (Keyes ez al. 2012).

Discussion

Many years ago, CMV was well established to be one of
the most important cases of abortion in pregnant women,
and till now, this problem has not been solved radically
because the virus is considered a hidden virus that when
the woman is infected with this virus, the women become
symptoms. So, the primary CMV infection in healthy
women is mostly subclinical or may be present with mild
symptoms.'? In this study, the prevalence of HCMV
infection was 60 (30%) of 200 samples among Iraqi
pregnant women. This result is similar to that reported
in other research findings (32.78%).1'¥) But disagree with
the lower prevalence in the previous investigation reported
in Iraq 56%.4 This signifies that the immune system
begins to produce immunoglobulins in response to the
virus. IgG antibody testing is a common method used to
screen for and diagnose CMV infections. It detects the

presence of CMV-specific IgG antibodies in the blood,
indicating prior exposure to the virus. A positive result
suggests past infection and the presence of protective
antibodies, while a negative result indicates no prior CMV
infection or insufficient time for antibodies to develop.
IgG testing alone cannot determine the timing or activity
of the infection.!') IgM antibody testing is used to detect
recent or acute CMYV infections. It helps identify the
presence of CMV-specific IgM antibodies in the blood,
which are produced by the immune system in response
to a new infection. A positive result indicates an active
or recent CMYV infection, while a negative result suggests
either no recent infection or declining antibody levels.!'
When CMYV enters the cell, it stimulates the secretion of
pro-inflammatory cytokines such as CyPA; CyPA has
been found to play a role in HCMYV infection, and it can
establish both lytic and latent infections in host cells. [
Our result found that the concertation of serum CypA
increased in women abortion with CMV compared to
control women healthy (P < 0.001). These result is similar
to the Sun et al.'"¥ that showed CypA serum levels were
significantly higher in severe preeclampsia. Furthermore,
they found that CypA was higher in diabetic patients
with or without coronary artery disease.'” This protein
is encoded by the CypA gene. CypA is a highly conserved
protein that is expressed in a wide range of tissues and
cell types. It is known to interact with numerous cellular
proteins, including those involved in immune responses,
inflammation, and viral infections.'¥ The CypA gene, also
known as PPIA (peptidylprolyl isomerase A), encodes the
CypA protein.!'8 The result of this study showed that SNP
PPIA in women abortion for two SNP (rs4720485 and
rs8177826) was not significant for genotypic distributions
of SNPs in the patient group and control group (P >
0.05). This result may be due to a sample scan number
that can produce statistical power. On the other hand,
this result with the study partially!'” agrees the study
polymorphism rs4720485 showed that rs10951772 A/G
and 134720485 A/T PPIA polymorphisms were not
significantly associated with the risk of Kawasaki disease
development and coronary artery lesion formation,
Anthor study conducted on that disagree with our result!"”!
further provided evidence to indicate that rs8177826
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affects transcription of the PPIA gene and transfection
with transcription start site -11G mutant promoter could
increase in vitro luciferase activities for cells. On the other
hand, our result disagrees with An ef al"'! whose study
was associated with CypA polymorphism rs8177826 in
samples, they concluded that CypA significant disease
progression infectivity with HIV-1 was reported as the
potential genetic modifier.

CoNcLUSION

To evaluate the role of CypA levels in women who
experienced abortion due to CMV infections during
pregnancy. The results of the study demonstrated a
significant increase in CypA levels in women who were
infected with CMYV, leading to abortion.
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