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Measuring gene expression and immune level of 
FOXP3 and its relationship with regulatory T cells 
in maintaining immune tolerance in both 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.
Keywords: regulatory T cells, FOXP3, recurrent miscarriage.

Визначення експресії гена та рівня білка FOXP3 та їхнього зв’язку з регуляторними 
Т-клітинами в підтримці імунної толерантності у вагітних та у жінок зі звичним викиднем, які 
страждають на аутоімунні захворювання щитоподібної залози
N. M. Najeeb, S. N. Mohsen, H. a. Omear

Аутоімунні розлади щитоподібної залози (ЩЗ) – найпоширеніше аутоімунне захворювання. Установлено, що однією 
з причин їхнього виникнення є дисбаланс імунної системи регуляторних Т-клітин і зниження в них вмісту фактора 
транскрипції FOXP3. 
Мета дослідження: визначення зв’язку між регуляторними Т-клітинами і рівнем білка FOXP3 в осіб з аутоімунними 
захворюваннями ЩЗ, а також рівня експресії генів FOXP3 і GAPDH у вагітних та у жінок зі звичним викиднем, які 
страждають на аутоімунні захворювання ЩЗ.
Матеріали та методи. Проведено обстеження 90 жінок. З них 70 хворих з аутоімунними захворюваннями ЩЗ та 
підвищеним рівнем антитіл до тиреопероксидази, які були розділені на 35 вагітних і 35 жінок зі звичними викиднями 
в анамнезі. До групи контролю увійшли 20 здорових жінок без аутоімунних захворювань ЩЗ. Усім жінкам визначали 
рівень білка FOXP3 та експресії генів FOXP3 та GAPDH.
Результати. Результати продемонстрували високу статистично значущу різницю в рівні регуляторних Т-клітин 
(р ≤ 0,001) при порівнянні показників вагітних пацієнток з аутоімунними захворюваннями ЩЗ та жінок зі звичним ви-
киднем та аутоімунними захворюваннями ЩЗ. Середнє значення в обох групах становило відповідно 1,7791 ± 0,4344 нг/
мл та 0,9420±0,1028 нг/мл.
Виявлено високостатистично значущі відмінності (p ≤ 0,001) у рівнях білка FOXP3 при порівнянні показників вагітних паці-
єнток з аутоімунними захворюваннями ЩЗ і пацієнток зі звичним викиднем та аутоімунними захворюваннями ЩЗ. Середнє 
значення рівня білка FOXP3 становило відповідно 1,3639 ± 0,2199 нг/мл та 0,7389 ± 0,2009 нг/мл. Експресія гена FOXP3 мала 
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значні відмінності між групами (р ≤ 0,001) – була вищою у пацієнток із аутоімунними захворюваннями ЩЗ (вагітні та жінки 
зі звичним викиднем) порівняно з контрольною групою. Середнє значення становило відповідно 2,538 ± 0,347 та 1,056 ± 0,231. 
Висновки. Отримані результати продемонстрували взаємозв’язок між рівнями регуляторних Т-клітин, рівнем білка 
FOXP3 і аутоімунними захворюваннями щитоподібної залози (ЩЗ) та їхнім випливом у випадках звичних викиднів. 
Установлено, що експресія гена FOXP3 була вищою у пацієнток з аутоімунними захворюваннями ЩЗ (вагітні і жінки 
зі звичними викиднями) порівняно зі здоровими жінками.
Ключові слова: регуляторні Т-клітини, FOXP3, звичний викидень.

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 Ab) 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 naпve T cells into 
Treg cells while decreasing FOXP3 expression is associated 
with impaired function of immunosuppressive Treg cells [16]. 

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-TPOAb 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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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 μL of the blood sample was added to 750 μL 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 μL 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 μL 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 μL 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 μL 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 μL 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 μl of 

the Master Mix to 768 of RNase-free H2O in a new tube 

and mixing well.10 μL of the extracted RNA was added 
to the conversion tubes, and then 10 μL 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 qPCR 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 qRT-PCR
The data results of q RT-PCR for the target and 

housekeeping gene were analyzed by the relative quantifi-
cation of gene expression levels (Fold change) (The ΔCT 
Method Using a reference gene) as the following equation.

ΔCTP = CT target - CT GAPDH
ΔCTC = CT control - CT mean GAPDH
ΔΔCT = ΔCTP - ΔCTC
Folding = 2 – ΔΔCT

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 μl each 
of standard solutions and streptavidin-HRP were added to 
the wells of the standard solutions. 40 μl of samples and 10 
μl of conjugated antibodies were added to the sample wells, 
then 50 μl 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 μl 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 μl 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.

Primers Sequence 5’-3’
Product 

size

FOXP3 gene
F ACCTTCCACCGTTTCCTTCT

130 bp
R GCCTCTTGGTTTGGTTGGT

GAPDH gene
F TGCCACCCAGAAGACTGTGG

129 bp
R TTCAGCTCAGGGATGACCTT

Table 1
Primers used in this study



REPRODUCTIVE HEALTH OF WOMAN
РЕПРОДУКТИВНЕ ЗДОРОВ’Я ЖІНКИ

№1 (80)/2025

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

Н А  Д О П О М О Г У  Л І К А Р Ю - П Р А К Т И К У

36

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 р ≤ 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 

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) l 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.

Table 2
Comparison between patients (pregnant women and 

women with recurrent miscarriage) with AITD and controls 
in Treg cell levels

Table 4
Comparison between patients (pregnant women and 

women with recurrent miscarriage) with AITD and controls 
in FOXP3 level

Table 9
Compares patients (pregnant women and women with 
recurrent miscarriage) with AITD and control in FOXP3 

gene expression

Table 3
Comparison between patients (pregnant women and women 

with recurrent miscarriage) with AITD in Treg cell levels

Table 5
Comparison between patients (pregnant women and women 

with recurrent miscarriage) all with AITD in FOXP3 level

Treg cell, 
ng/ml

Mean ±SD

P value *Patients Controls

No = 70 No = 20

1.3065 ± 0.322980 1.4058 ± 0.3480 ≤ 0.005

FOXP3, 
ng/ml

MEAN ± SD

P value *Patients Controls

No = 70 No = 20

1.051 ± 0.213939 1.3949 ± 0.2255 ≤ 0.005

Fold of 
FOXP3 
gene

Mean ± SD

P valuePatients Controls

No = 70 No = 20

2.538 ±0.347 1.056 ± 0.231 ≤ 0.001**

Treg cell, 
ng/ml

Mean ±SD

P value **Pregnant women
Women with 

recurrent 
miscarriage

No = 35 No = 35

1.7791 ± 0.4344 0.9420 ± 0.1028 ≤ 0.001

FOXP3, 
ng/ml

MEAN ± SD

P value **Pregnant
Recurrent 

miscarriage

No = 35 No = 35

1.3639 ± 0.2199 0.7389 ± 0.2009 ≤ 0.001

Table 6
Comparison of CT values in patients (pregnant women 

and women with recurrent miscarriage) and controls for 
GAPDH gene expression

CT (GAPDH)
Patients,
No = 70

Controls,
No = 20

P value

Mean ± SD 20.751±0.514 20.493±0.612 0.226

Groups
Mean CT of 

FOXP3
Mean ΔCT of 

FOXP3
Folding

Control,
No = 20

18.1 1.678 1.056

Patients,
No = 70

26.87 1.87 2.538

Table 7
FOXP3 fold gene expression

Table 8
 Fold change of FOXP3 expression depending on 2- ΔΔCT

Group
Means 
CT of 

FOXP3

Means 
CT of 

GAPDH

Means 
ΔCT

ΔΔCT
2-ΔΔCT 
= fold

Control,
No = 20

18.1 20.493 1.678 0.000 1.056

Patients,
No = 70

26.87 20.751 1.87 0.19 2.538



REPRODUCTIVE HEALTH OF WOMAN
РЕПРОДУКТИВНЕ ЗДОРОВ’Я ЖІНКИ 
№1 (80)/2025

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

Н А  Д О П О М О Г У  Л І К А Р Ю - П Р А К Т И К У

37

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

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

Parathyroid hormone (PTH) 
It is clear from Table 11, which includes a comparison 

between the study groups in the concentrations of PTH 
in blood serum, that we did not find significant differences 
between the groups.

Table 10
Compares patients (pregnant women and women 

with recurrent miscarriage) with AITD in FOXP3 gene 
expression

Fold of 
FOXP3 
gene

Mean ± SD

P valuePregnant women
Women with 

recurrent 
miscarriage

No = 35 No = 35

0.750 ± 0.208 0.371 ± 0.112 ≤ 0.001**

Fig. 1. FOXP3 amplification plots by qPCR samples included all study groups. The photograph was taken directly from the 
bio 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)

Fig. 2. FOXP3 melt curve by qPCR included all study groups. The photograph was taken directly from the bio systems7500 
qPCR 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)
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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 F, 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 IFN-γ, tumor necrosis factor 
TNF-α) 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 

Table 11
Compares between 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

≤ 0.969

Control (healthy),
No = 20

0.1326 ± 0.0262

Pregnant women with AITD,
No = 35

0.1413 ± 0.1471

Women with miscarriage and with AITD,
No = 35

0.1391 ± 0.1371

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-β 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-β (TGF-β) is present with IL-6, this leads to the 
differentiation of T CD4 cells into TH17 cells, which se-
crete IL-17, which has a great relationship with the in-
crease in the rate of miscarriage Luo L, et al. and Grover 
P,et 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 
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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 

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