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Measuring gene expression and immune level of
FOXP3 and its relationship with regulatory T cells
In maintaining immune tolerance in hoth women
pregnant and recurrent miscarriage, who suffer
from autoimmune thyroid diseases

N. M. Najeeb, S. N. Mohsen, H. A. Omear
College of Science, Tikrit University, Saladin, Iraq

Autoimmune thyroid diseases (AITD) is the most common human autoimmune disease. It was found that one of the
causes of its occurrence is an imbalance of the immune system of regulatory T (Treg) cells and a decrease in their tran-
scription factor FOXP3.

The objective: to investigate the relationship between Treg cells and FOXP3 in persons with AITD and to measure the
gene expression level of FOXP3 and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) in pregnant women and
women with recurrent pregnancy loss who have AITD.

Materials and methods. 90 women were examined. Among them 70 patients with autoimmune thyroid diseases and
elevated levels of antibodies to thyroperoxidase were divided into 35 pregnant women and 35 women with a history of
recurrent miscarriages. The control group included 20 healthy women without AITD. All women were tested for FOXP3
protein levels and FOXP3 and GAPDH gene expression.

Results. The results showed a highly statistically significant difference in the level of regulatory T cells (p < 0.001) be-
tween the indicators of pregnant patients with AITD and women with recurrent miscarriage and AITD. The mean value
in both groups was 1.7791 * 0.4344 ng/ml and 0.9420 + 0.1028 ng/ml, respectively.

Highly statistically significant difference (p < 0.001) in the levels of FOXP3 protein between pregnant patients with
AITD and patients with recurrent miscarriage and AITD was determined. The mean value of FOXP3 protein level was
1.3639 + 0.2199 ng/ml and 0.7389 + 0.2009 ng/ml, respectively. FOXP3 gene expression had significant differences be-
tween groups (p < 0.001) — it was higher in patients with autoimmune thyroid diseases (pregnant women and women with
recurrent miscarriage) compared to the control group. The mean value was 2.538 * 0.347 and 1.056 *+ 0.231, respectively.
Conclusions. The results demonstrated a relationship between the levels of regulatory T cells, and the level of FOXP3
protein and autoimmune thyroid diseases and their outcome in cases of recurrent miscarriages. It was found that the
expression of the FOXP3 gene was higher in patients with autoimmune thyroid diseases (pregnant women and women
with recurrent miscarriages) compared to healthy women.
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Bu3HauyeHHs eKkcnpecii reHa Ta piBHe 6inka FOXP3 Ta iXHbOro 3B’93Ky 3 peryisaTopHUMm
T-kniTuHaMm B NiATPUMLI iMYHHOI TOIEPAHTHOCTI Y BariTHUX Ta Y )XXiHOK 3i 3BU4HUM BUKUOHEM, SKi
CTpaXaaloTb Ha ayTOIMYHHiI 3aXBOPIOBaHHSA LUTONOAIGHOT 3251031

N. M. Najeeb, S. N. Mohsen, H. A. Omear

AyToimynni posmaan mmrononioroi samosu (1113) — HaiimomupeHime ayToiMyHHEe 3aXBOPIOBAHHS. YCTAHOBJICHO, IO OTHIEIO
3 PUYKH iXHBOIO BUHUKHEHHS € AUCOAIAHC IMYyHHOI CUCTeMU PeryJsTopHux T-KJITHH 1 3HUJKEHHsI B HUX BMicTy (bakTopa
tpanckpuriiii FOXP3.

Mema docnioxcenns: BU3HAYCHHS 3B'13Ky MK perymstopanvn T-kiitniamu i pisaeMm 6inka FOXP3 B ocib 3 ayroiMmyHHUMI
3axBoproBanusamu 1113, a Takox piBus excrpecii renis FOXP3 i GAPDH vy BariTHux Ta y jKiHOK 31 3BUMHUM BUKUIIHEM, SKi
CTPasK/IAIOTh Ha ayToiMyHHi 3axBopioBanHs 1113.

Mamepianu ma memoou. Ilposenero obctexerns 90 sxinok. 3 Hux 70 XBOpHX 3 ayTOIMyHHUMH 3axBopioBanusmMu 1113 Ta
[iJIBUIIIEHUM PiBHEM aHTUTILJI 10 TUPEONEPOKCHIA3H, sIKi Oyiu posziieHi Ha 35 BariTHUX i 35 XKIHOK 31 3BUYHUMU BUKUIHIMU
B anamuesi. /lo rpynu KoHTposmo yeiiinum 20 30poBUX KiHOK 6e3 ayToiMyHHUX 3axBopioBaib 11[3. Ycim skiHkaM BU3HAYA/IM
pisenb Oika FOXP3 ra ekcrpecii renisB FOXP3 ta GAPDH.

Pesynvmamu. Pe3ynsraTil IPOIEMOHCTPYBAJIN BUCOKY CTAaTHCTUYHO 3HAUYILy PI3HMIO B PIBHI PeryIATOpHUX T-KiIiTHH
(p £0,001) ripu MOPiBHAHHI MOKA3HUKIB BaTriTHUX MAIIEHTOK 3 ayToiMyHHUME 3axBopioBanusaMu 1113 Ta jkiHOK 3i 3BUYHUM BU-
KUHeM Ta ayToimyHHUME 3axBopioBarHsamu [113. Cepeare 3HaueHHst B 000X TPyIax CTaHOBIJIO BianosigHo 1,7791 * 0,4344 ur/
mi ta 0,9420+0,1028 ur/mo.

Busiriero BECOKOCTATUCTIYHO 3Hauyii BiaminHocTi (p < 0,001) y piBHax 6inmka FOXP3 mpu MopiBHSAHHI MOKA3HKUKIB BariTHUX Talfi-
€HTOK 3 ayTOIMyHHMMHU 3axBopioBanasaMy 1113 i marfieaTok 3i 3SBUMHNM BUKHHEM Ta ayToiMyHHIME 3axBopioBanasaMu 1113. Ceperne
sHadeHns pisus Gimka FOXP3 cranosuno sianosiaHo 1,3639 £ 0,2199 wr/mir ta 0,7389 + 0,2009 1r/mi. Excrpecist rena FOXP3 maza
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3HauHi BiMiHHOCTI Mizk rpymamu (p < 0,001) — Gysa BUILOIO Y NAIIEHTOK i3 ayToiMyHHUMI 3axBoproBanHsamu 1113 (BariTHi Ta xKiHKN
31 3BUYHIM BUKHU/IHEM ) TIOPIBHSTHO 3 KOHTPOJIBHOIO TPyTIof0. CepeHe 3HaYeHHsT CTAHOBUIIO BizmosinHo 2,538 + 0,347 ta 1,056 + 0,231.
Bucnoexu. OrtpuMani pe3ysibraTi MPOAEMOHCTPYBAIM B3aEMO3B'SI30K MK PiBHAMHU PeryasaTopaux T-kiiTuH, piBHeMm Giika
FOXP3 i ayroiMmyHHUME 3aXBOpIOBaHHAMM uTonoAiOHOI 3am03u (1113) Ta iXHIM BUIIMBOM y BUIAJKaX 3BUYHUX BUKHIHIB.
YeranosiieHo, 1o ekcrpecist rena FOXP3 Oysia BUIIOO y NAIIEHTOK 3 ayToiMyHHUMU 3axBoptoBanHsmu 1113 (BariTHi i sKiHKH

31 3BUYHUMM BUKHU/IHSIMU ) HOPIiBHSIHO 31 3/I0POBUMU JKiHKAMH.

Knouoei cnosa: pezynsmopni T-xnimunu, FOXP3, seuunuil suxuodens.

Autoimmune diseases, especially hypothyroidism, affect
about 5% of the population [1] and affect women 11%
more than men [2]. AITD also affects pregnant women,
with 15-65% of non-pregnant women having a thyroid-
stimulating hormone (TSH) level significantly higher
than usual [3, 4]. One of the most common autoimmune
thyroid diseases is anti-thyroid peroxidase antibody (an-
ti-TPO ADb) positive, which has a significant impact on
women during pregnancy, as it leads to recurrent miscar-
riage (RM) [5], premature birth or infertility [6], delayed
growth of the fetus in the womb when the level of anti-
bodies rises to a large extent [7] or the fetus is born dead.

Autoimmune disorders occur as a result of various
complex interactions [8]. However, the most important
causes are the interactions of Treg cells, the cytokines they
secrete, and the immune system’s weakness when their
levels decrease [9]. Treg cells protect the embryo from re-
jection and lead to a successful pregnancy by providing a
suitable environment for the embryo’s growth and inhibit-
ing the immune cells that help in rejection [10].

For these cells to function, they must be expressed at
a high level throughout pregnancy. This is done through
their transcription factor, FOXP3, which regulates the
work of Treg cells and maintains immune tolerance [11]
Treg cells previously referred to as suppressor T cells, are a
specific group of T cells that regulate the immune system,
uphold self-tolerance to antigens, and hinder the develop-
ment of autoimmune diseases. Treg cells possess immuno-
suppressive properties and primarily inhibit or reduce the
initiation and expansion of effector T cells [12].

FOXP3 (Forkhead box P3), known as scurfin, is a pro-
tein in immune system responses. A member of the FOXp3
protein superfamily, consisting of transcriptional regulators.
serves several functions in embryonic development and the
maintenance of adult tissues, including cell proliferation,
differentiation, survival, and apoptosis [13].The FOXP3
family comprises the members FOXP1, FOXP2, FOXP3,
and FOXP4. The FOXP3 protein plays a vital role in Treg
cells impacted by autoimmune thyroid disorders [14].

Parathyroid hormone (PTH) is a polypeptide produced
in the parathyroid gland that regulates calcium and phos-
phorus levels in the blood [15]. Gene expression of FOXP3:
The FOXP3 gene is situated on the X chromosome’s short
arm (p arm) and consists of 11 coding exons and three non-
coding exons. The FOXP3 is a distinct and exclusive tran-
scriptional regulator responsible for the initiation, growth,
and suppressive capacity of Treg cells (Tregs).

Abnormal FOXP3 expression in Treg cells is linked to
autoimmune illnesses and might potentially cause the break-
down of immunological tolerance. Increasing the expression
of FOXP3 leads to the transformation of nanve T cells into
Treg cells while decreasing FOXP3 expression is associated
with impaired function of immunosuppressive Treg cells [16].
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The objective: investigate the relationship between Treg
cells and FOXP3 and the AITD and to measure the gene
expression level of FOXP3 and Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) between the study samples.

MATERIALS AND METHODS

This study was conducted in Saladin Governorate
from February 20, 2024, until June 20, 2024, and gene
expression tests were conducted in the College of Science-
University of Tikrit-Iraq laboratories.

Patient group: Patient group: 90 samples were collected
for the study and all samples were from women only, they
were divided into 70 patients with AITD and 20 healthy
(control ), then 70 patients were divided into 35 pregnant
patients and 35 patients with recurrent miscarriages (all 70
patients suffer from AITD). The following tests were per-
formed for all study samples for diagnosis: triiodothyronine
(T3), thyroxine (T4), TSH, and anti-TPOA. The specialist
physician diagnosed 70 patients with hypothyroidism, where
the average TSH for pregnant patients was 9.67 MIU/L.
The average for patients with recurrent miscarriage was
43.85 MIU/L with a positive result for anti-TPOAD for all
patients (pregnant and recurrent miscarriage).

In contrast, the results of the control samples were
normal TSH 2.13 MIU/L with a negative result for anti-
TPOA. Blood samples were taken from pregnant women
with AITD at different periods of pregnancy, and none of
them had ever had a previous miscarriage. As for women
who also suffered from recurrent miscarriages, blood sam-
ples were taken at different periods after the miscarriage,
and none of them had become pregnant during the period
of sample collection. The control group was also made up
of married women who had not become pregnant during
the sample collection period.

Blood Sampling: 10 ml of venous blood was drawn
for all samples. The blood samples were divided into four
parts: a part for conducting immune tests (Treg cells,
FOXP3, anti-TpoAb), amounting to 5 ml, which was col-
lected in gel tubes, and a part for performing physiological
tests (TSH, T3, T4, PTH), amounting to 3 ml. The blood
serum was separated by centrifugation at a speed of 3500
rpm for 15 minutes, and a portion for conducting tests for
gene expression and RNA extraction, amounting to 250 ml
of blood. They were added to a tube containing 750 ml of
Trizol, and all samples were stored at -45° C.

Primers

Dr. Ahmed Abdel-Jabbar Al-Fahdawi, a professor at
Anbar University, designed all primers used in this study.
Macrogen Company provided these primers. Dr. Adnan
conducted the Ribonucleic acid (RNA) extraction and
gene expression processes in the College of Science/Uni-
versity of Tikrit laboratories, as shown in the Table 1.
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Table 1
Primers used in this study
Primers Sequence 5°’-3’ Pro.duct
size
F ACCTTCCACCGTTTCCTTCT
FOXP3 gene 130 bp
R GCCTCTTGGTTTGGTTGGT
F | TGCCACCCAGAAGACTGTGG
GAPDH gene 129 bp
R | TTCAGCTCAGGGATGACCTT

Quantitative Real-Time Polymerase chain reaction
PCR (qPCR)

Real-time quantitative PCR was used to identify the
FOXP3 gene that was normalized by the housekeeping
gene (GAPDH) in patients (pregnant and recurrent mis-
carriages) and healthy controls according to the protocol
followed by the manufacturer Macrogen/ Korea.

RNA Extraction

RNA was extracted from the blood of all research sam-
ples according to the manufacturer’s protocol Macrogen/
Korea, then converted to complementary Deoxyribonu-
cleic acid (¢cDNA) using a PCR device as following steps:

Step 1: Preparation of sample and Lysis

250 pL of the blood sample was added to 750 pL of
Trizol and we mixed the sample well using Vortex for 1
minute. Incubated the mixture for 5 min at room tem-
perature (R.T).

Step 2: Protein Precipitation

Added 200 pL of the Chloroform and vortex vigor-
ously for 1 min, then, incubated tube at R.T for 5 min. all
sample tubes were placed in a centrifuge at 12,000 rpm
speed for 12 minutes to precipitate insoluble particles.
Transferring the supernatant to a new Eppendorf tube.

Step 3: RNA Binding

An equal amount of 100% ethanol or Isopropanol is
added to the filtrate and mixed well after that, 700 pL of
the mixture is transferred to the Spin Column and placed
in the centrifuge for 1 minute at 10,000 rpm. We repeat
the previous process until the mixture runs out. The fil-
trate is discarded and the Spin column is transferred to a
new collection tube.

Step 4: RNA Washing 1

Added 500 pL of wash buffer 1 and then centrifuge
1 min at 11.000 rpm. the filtrate is discarded and the Spin
column is transferred to a new tube.

Step 5: RNA Washing 2

Added 500 pL of wash buffer 2 and then worked cen-
trifuge for 1 min at 13,000 rpm. The filtrate is discarded
and the Spin Column is in the same 2 ml Collection Tube.
Performed an additional centrifuge for 2 min at 13,000
rpm to remove ethanol residual.

Step 6: RNA Elution

The Spin column was placed in new 1.5 tubes and left
at room temperature for 1 minute.100 pL of the elution
solution pre-warmed to (60° C) was added to the column
and left for 5 min at room temperature. Centrifuge 2 min
at 10.000 rpm at room temperature discarded the column
and stored extracted RNA in the air to dry.

Step 7: converted RNA to cDNA

The Master Mix used was prepared by adding 384 pl of
the Master Mix to 768 of RNase-free H20 in a new tube
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and mixing well.10 pL of the extracted RNA was added
to the conversion tubes, and then 10 pL of the prepared
Master Mix was added. Then, all samples were placed in a
thermostatic PCR at 42° C for 15 min to get cDNA.

Step 8 q PCR to gene expression

The master mix of qPCR for FOXP3 and GAPDH
genes was prepared as follows:

Added 3 ml from ¢cDNA, 0.5 for R & F primers, 10 ml
from Ultra Sybr PCR Mix, and 6 ml from Nuclease-free
water to get 20 ml from a mixture. After that, these qPCR
master mix components mentioned above and placed in
qPCR plate strip tubes and mixed by vortex centrifuge for
3 minutes, then put in a Real-Time PCR system.

Data Analysis of gRT-PCR

The data results of ¢ RT-PCR for the target and
housekeeping gene were analyzed by the relative quantifi-
cation of gene expression levels (Fold change) (The ACT
Method Using a reference gene) as the following equation.

ACTP = CT target - CT GAPDH

ACTC = CT control - CT mean GAPDH

AACT = ACTP - ACTC

Folding = 2 —2A¢T

Detection of Human Immune Assays Treg cells,
FOXP3, and PTH in ELISA kit

Standard solutions were prepared according to the man-
ufacturer’s Shanghai YL Biont/China protocol. 50 pl each
of standard solutions and streptavidin-HRP were added to
the wells of the standard solutions. 40 pl of samples and 10
ul of conjugated antibodies were added to the sample wells,
then 50 pl of streptavidin-HRP was added to all sample
wells. Then we covered the plate with a special cover, shook
it a little for mixing, and placed it in the incubator at 37° C
for 60 min. the washing solution was prepared by adding
20 ml of concentrated washing solution to 980 ml of distilled
water. Then the plate cover was removed and washed, and
the process was repeated five times. Then we leave the plate
for one minute on the filter paper to dry. Then, 50 ul of each
chromogen solution A and B were added to each well and
mixed well, then incubated for 10 min at 37° C away from
light. We then noticed the appearance of the blue color at
different concentrations, indicating the antigen reaction and
its presence. Then 50 pl of the stop solution was added to
each hole to stop the reaction and we noticed that the blue
color turned yellow immediately. The absorbance was meas-
ured at a wavelength of 450 nm within 10.

Data Analysis of ELISA

Statistics were conducted for all research samples by
Dr. Shaker M. Saleh, a lecturer at Tikrit University/
College of Agriculture, using the statistical program
One-Way ANOVA.

RESULTS AND DISCUSSION

T regulatory cells

The comparison between patients (pregnant and recur-
rent miscarriages) all with AITD and healthy (control) in
the levels of Treg cells. We found significant differences at p<
0.005 between them The mean and SD are in Table 2. While
the comparison between pregnant and recurrent miscarriage
patients (all persons with AITD). There were significant dif-
ferences at p < 0.001, the mean and SD in Table 3.
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Table 2
Comparison hetween patients (pregnant women and
women with recurrent miscarriage) with AITD and controls
in Treg cell levels
Mean £SD
Controls P value *
No =20

1.4058 +0.3480

Patients
No =70
1.3065 = 0.322980

Treg cell,

ng/ml

Table 4
Comparison hetween patients (pregnant women and
women with recurrent miscarriage) with AITD and controls
in FOXP3 level
MEAN = SD
Controls P value *
No =20

1.3949 £ 0.2255

Patients
No =70
1.051 £0.213939

Table 6
Gomparison of CT values in patients (pregnant women
and women with recurrent miscarriage) and controls for
GAPDH gene expression

Controls,
No =20

Patients,

No = 70 P value

CT (GAPDH)

Mean=SD | 20.751%0.514 | 20.493:0.612 | 0.226
Table 8
Fold change of FOXP3 expression depending on 2- AACT
LTI Means 2-AACT
cTof Meams et 20T
GAPDH
Control, | ya 4 | 50493 | 1.678 | 0.000 | 1.056
No =20
Patients, | »687 | 20751 | 1.87 | 019 | 2.538
e . . . . .

Forkhead3 box protein (FOXP3)

The results of the comparison between patients
(pregnant women and women with miscarriages) and
controls were significant at p < 0.005, and the mean and
SD values are in Table 4. However, in the comparison
between patients (pregnant women and women with re-
current miscarriage), the results were highly significant
differences at p < 0.001. The mean and SD are in Table 5.

Real-Time PCR Quantification of Glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) Expression

When studying gene expression, it is important to
normalize the data using an internal control gene that is
stably expressed to obtain accurate and reliable results.
Therefore, housekeeping genes were used as an internal
control gene, which is more suitable for use in studying
gene expression, as it is a gene that is expressed under
experimental conditions in tissues [16]. The CT value
of the housekeeping gene is shown in Table 6, which
compares the CT values of the housekeeping gene in
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Table 3
Comparison hetween patients (pregnant women and women
with recurrent miscarriage) with AITD in Treg cell levels
Mean £SD

Women with
recurrent
miscarriage
No =35

0.9420+£0.1028

Pregnant women P value **

Treg cell,

ng/ml
No =35

1.7791 £0.4344 <0.001

Table 5
Comparison between patients (pregnant women and women
with recurrent miscarriage) all with AITD in FOXP3 level
MEAN + SD

Recurrent
miscarriage

No =35
0.7389 £0.2009

Pregnant P value **

FOXP3,

1
ng/m No =35

1.3639 £0.2199

Table 7
FOXP3 fold gene expression

Mean CT of Mean ACT of

Groups FOXP3 FOXP3 Folding

controy 18.1 1,678 1.056

'?\la;‘i”;g’ 26.87 1.87 2.538
Table 9

Compares patients (pregnant women and women with
recurrent miscarriage) with AITD and control in FOXP3
gene expression

Mean = SD

Fold of P value

Controls
No =20

1.056 £ 0.231

Patients
No =70
2.538 £0.347

FOXP3
gene

<0.001**

both control and patient samples in the following table.

Table 6 shows no significant differences between them
in the housekeeping gene expression, indicating that the
endogenous gene can be expressed at a constant level in
the cells and tissues of all study samples.

Real-Time PCR Quantification of FOXP3 Gene Ex-
pression

The CT values for the FOXP3 gene between the pa-
tients (pregnant women and women with recurrent mis-
carriage) with AITD and the controls were compared and
their results appeared in Table 7.

The CT value of the FOXP3 gene is shown in Table 7.
It was shown that there is a significant increase in the
gene expression of FOXP3 in patients (pregnant women
and women with recurrent miscarriage) 1 with AITD. Ta-
ble 8 also shows the changes in the CT values of FOXP3
up to the fold. By conducting the mean for each stage, we
found that all the results indicate significant differences,
as the gene expression is higher in patients with AITD.
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Amplification Plot
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Fig. 1. FOXP3 amplification plots by qPCR samples included all study groups. The photograph was taken directly from the
hio systems7500 qPCR machine. (The colors in the diagram above indicate the dilutions of the standard solutions based on
which the presence of RNA in the samples is measured. The amplification starts from cycle 20 and continues to cycle 40)

Melt Curve
¥\

Derivative Reporter (-Rn)

60.0 65.0 70.0 75.0 80.0 85.0 90.0 95.0
Temperature (°C)
Fig. 2. FOXP3 melt curve by qPCR included all study groups. The photograph was taken directly from the bio systems7500

gqPCR machine. (The diagram indicates the compatibility of the designed primers with the RNA sample present in the
samples, through the matching of the curve of the primers with the samples)

By comparing the value of the fold, we find signifi- Table 10
cant differences at p < 0.001 in gene expression in patients Compares patients (pregnant women and women
(pregnant and recurrent miscarriage) all with AITD com- with recurrent miscarriage) with AITD in FOXP3 gene
pared to control, according to the following Table 9. expression

Also, when comparing between patients (pregnant and
recurrent miscarriage), we found an increase in gene expres- Mean + SD
sion in pregnant patients at p < 0.001, as shown in Table 10. T

Parathyroid hormone (PTH) Foldof  pregnant women recurrent P value

It is clear from Table 11, which includes a comparison FOXP3 miscarriage
between the study groups in the concentrations of PTH gene No=35 No=35

in blood serum, that we did not find significant differences
between the groups.

0.750 = 0.208 0.371+£0.112
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Table 11
Compares hetween groups in PTH levels in blood serum
Group PTH - pg/ml Mean = SD P value
Patients (pregnant women and women with miscarriage) with AITD,
No = 70 0.1402 £ 0.126294
Control (healthy), 0.1326 + 0.0262
Pregnant xc())r:eznowith AITD <0.969
No = 35 0.1413+0.1471
Women with mls'\cke;r:eé%e and with AITD, 0.1391 +0.1371

Table 3 shows that there are highly significant differ-
ences at p < 0.001 between patients (pregnant women and
women with recurrent miscarriages) who all suffer from
AITD. These results are consistent with Logiodice F, et
al.and Tang C, et al. which showed that low levels of Treg
cell concentrations in patients suffering from miscarriages
due to high concentrations of interleukin (IL-17) lead
to increased concentrations of T-helper (Th17) cells in-
volved in increasing miscarriage rates, as they stimulate
the secretion of inflammatory cytokines [18, 19].

Our results are consistent with Idali E et al. which
states that an imbalance between Treg cells and Th17 cells
leads to fetal loss [20]. It was also found that the effect of
female sex hormones (estrogen, progesterone) has a signif-
icant effect in neutralizing the mother’s immunity against
the fetus Perkhulyn O. M. et al. [21].

So it was found that high levels of these hormones
greatly support the immune tolerance of the mother and
fetus, and it was found that with the increase of these
hormones, the ability to support regulatory T cells and
the binding of receptors specific to estrogen, especially
alpha, increases the expression of FOXP3, and this indi-
cates that a normal pregnancy in which the level of hor-
mones is normal has a large number of regulatory cells,
unlike patients who suffer from recurrent miscarriages,
in which a low level of these hormones was proven, and
also even after treatment with progesterone, miscar-
riage occurs due to hormone deficiency, and this result
was consistent with both Raghupathy R,et al. and Gra-
ham J, et al. [22, 23].

It was also found that the level of the Human chorion-
ic gonadotropin (hCG) hormone gradually decreases after
the eleventh week of pregnancy, and this affects the activ-
ity of regulatory cells, as their concentration decreases.
The activity of T- T-helper (TH1) cells and the inflam-
matory cytokines (interferon TFN-y, tumor necrosis factor
TNF-a) they secrete increase, leading to miscarriage [24].

Table 4 indicates that there are significant differences
between patients (pregnant women and women with recur-
rent miscarriage) with AITD and controls at a significant
level of p < 0.005. This is because FOXP3 is a transcription
factor specific to Treg cells, which are the only ones capable
of secreting and expressing it. Therefore, we find from Ta-
ble 2 that the concentrations of Treg cells are increased in
controls, and this is the reason for the increase in FOXP3
concentrations in controls as well Qin S, et al. [25].

As for Table 5, which indicates significant differences
between patients (pregnant women and women with
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recurrent miscarriage) with AITD, the reason for this
is that during pregnancy the need for regulatory cells
increases to regulate immune tolerance between the
mother and the fetus. Therefore, their number increases,
especially when the concentrations of TGF-B and IL-2
increase, which work to increase the differentiation of T
CD4 cells into Treg cells. Thus, FOXP3 concentrations
increase.

These results agree with Deng Z, et al. [26]. As for
patients who have recurrent miscarriages and AITD, the
concentrations of Treg cells decrease, which leads to a
decrease in the concentrations of FOXP3. It was found
that the reason for this is that when transforming growth
factor-B (TGF-B) is present with IL-6, this leads to the
differentiation of T CD4 cells into TH17 cells, which se-
crete 1L-17, which has a great relationship with the in-
crease in the rate of miscarriage Luo L, et al. and Grover
Pet al. supported the results [27, 28].

Table 9 the expression level of the transcription factor
FOXP3 is an important factor in regulating the immune
balance. Therefore, when a genetic defect occurs in this
gene, this leads to a defect in the immune system and the
occurrence of endocrine disorders, the most important of
which are AITD of the thyroid gland. Therefore, the gene
expression increased in the study samples of patients. Also,
thyroid diseases are caused by a defect in chromosome
XP11.23, which is the same chromosome on which the
FOXP3 gene is located. These results are consistent with
Bossowski A, et al. and Bacchetta R, et al. [29, 30].

Table 10 shows a comparison of the FOLD values for
FOXP3 gene expression, which showed that gene expres-
sion was lower in patients with recurrent miscarriages(and
with AITD) and that this was due to Signals from Treg
cell receptors TCR stimulate the transcription of the
FOXP33 gene, so when these signals are decreased, the
expression of the FOXP3 gene is reduced. These results
were supported by Colamatteo A, et al. [31].

In humans, there is a Signal Transducer and Activa-
tor of Transcription (STAT)-5 proteins (STAT5b) factor,
which is a crucial transcription factor for the expression
of FOXP3. When this factor is lost due to addition or
deletion mutations, it loses its function, and thus, the
expression of FOXp3 decreases. The Treg cells lose their
function in regulation and immune tolerance. These re-
sults are consistent with Hardtke-Wolenski M, et al. and
Smith M, et al. [32, 33].

As for Table 11, which includes the PTH results, the
reason for the absence of significant differences was that the

REPRODUCTIVE HEALTH OF WOMAN
PEIPOJIYKTUBHE 3/10POB'S )KIHKI
Net (80)/2025

ISSN 2708-8723 (print)
ISSN 2708-8731 (online)



HA gonomMmory niKAPHO-NMPAKTUKY

study samples were taking nutritional supplements contain-
ing calcium and phosphorus, and therefore the PTH levels
were stable in all study samples Marcucci G, et al. [34].

CONCLUSIONS

The results of our study indicate that autoimmune
thyroid diseases affect the levels of Treg cells and FOXP3
in patients (pregnant women and women with recurrent
miscarriage), and their effect was clear in causing recur-
rent miscarriages. We also found an increase in the gene
expression of FOXP3 in the patients (pregnant women
and women with recurrent miscarriage) with AITD com-
pared to the control, and we did not find clear differences

tel.: +964 780 819 0963. E-mail: nadia.mahameed01@gmail.com

in the levels of PTH between the patients (pregnant wom-
en and women with recurrent miscarriage) and control.
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