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Abstract

Background: Regulatory T cells (Tregs) represent 5-10% of the total T cell population and are known as potent
suppressors of the immune system. They are crucial for managing immune activation, ensuring peripheral tolerance, and
supporting tissue repair and overall homeostasis. These cells are characterized by the expression of specific biomarkers,
including CD4+, FOXP3+, and CD25+. While CD4 and CD25 were initially used for their identification, the discovery
of CD25 on other T cell types led to a more precise evaluation of Tregs through the assessment of the intracellular Foxp3
transcription factor.

Objective: The primary goal of this study was to determine the function of regulatory T cells in patients with ischemic
heart disease by measuring the concentrations of their key markers (CD4+, CD25+, and FOXP3+).

Patients and Methods: This was a case-controlled study that included 45 patients with a clinical diagnosis of IHD and
45 healthy individuals as a control group. Of the patients, 30 (66.7%) were male and 15 (33.3%) were female. Samples were
collected from a specialized cardiac center in Baghdad, Iraq, between October and December 2022. Serum levels of CD4,
CD25, and FOXP3 were quantitatively measured using the Enzyme-Linked Immunosorbent Assay (ELISA) according to
the manufacturer’s protocol.

Results: The mean CD4 level was found to be significantly higher in the patient group compared to the control group.
Similarly, the mean CD25 level was also significantly elevated in the IHD group. In contrast, the mean FOXP3 level was
significantly lower among the patients compared to the healthy controls.

Conclusion: The study found that males were more commonly affected by IHD than females. It also revealed a notable
imbalance in the T regulatory cell markers, with significantly higher levels of CD4+ and CD25+ and significantly lower
levels of FOXP3+ in the patient group, highlighting their potential role in the disease pathology.
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1. Introduction The primary cause of ischemic cardiovascular dis-
eases is atherosclerosis (Alisherovna et al., 2022).
Atherosclerosis is an artery disease where plaques
composed of lipids, inflammatory cells, and fibrous
materials accumulate. Interventions that target the
onset, progression, and stability of atherosclerotic le-
sions are crucial since this is the main reason for
coronary artery disease (CAD) development (Silvis
et al., 2021).

From naive CD4+ T cells, various lineages differen-
tiate, including T helper type 1 (Th1), T helper type 2
(Th2), and T helper type 17 (Th17), as well as T regu-

Ischemic heart disease (IHD), a type of cardiovascu-
lar disease (CVD), results from a narrowing of blood
arteries caused by plaque buildup on vessel walls.
This plaque, which includes fat, cholesterol, calcium,
and other substances, can restrict blood flow and re-
duce the heart’s oxygen supply, often leading to chest
discomfort and diminished patient activity. Further-
more, plaque can lead to blood clots and blocked
blood flow, which may trigger a chest discomfort
episode and result in death (Suryati & Suyitno, 2020).
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latory (Treg) and T follicular helper (Tth) cells. These
effector lineages play a vital role in the development
of atherosclerosis (Zhu & Zhu, 2020).

Tregs, which constitute approximately 5-10% of
all T cells, are potent inhibitors of immune activa-
tion. They promote peripheral tolerance, tissue heal-
ing, and homeostasis. Tregs perform their regulatory
function by secreting anti-inflammatory cytokines,
engaging in direct cell-to-cell interactions, and com-
peting with effector T cells (Tregs) for interleukin-2
(IL-2), thus controlling Teff proliferation (Zhao et al.,
2020). Treg deficiency accelerates atherosclerosis in
preclinical models, while Treg therapy slows it down.
Additionally, Tregs play a crucial role in regulat-
ing post-ischemic immune responses and promoting
cardiac repair in Myocardial Infarction (MI) model
organisms (Zhao & Mallat, June 2022). While pro-
inflammatory Tregs are expanded and activated in
patients with MI, observational studies have shown
a decline in the number and activity of Tregs in these
patients (Mallat & Binder, 2022).

Tregs are essential for controlling immunological
activation and enforcing tolerance. Some Tregs are
located in non-lymphoid tissues, where they regulate
sterile inflammation and maintain tissue homeostasis
(Zhao et al., 2022).

Tregs express the biomarkers CD4, FOXP3, and
CD25. Initially, CD4 and CD25 surface markers were
used to identify Tregs (CD4+CD25+ cells). However,
because CD25+ was also found on other non-Treg T
cells, the investigation of Tregs became more focused
by assessing the intracellular expression of the Foxp3
transcription factor (Mostafa et al., 2021).

1.1. Protective impact of tregs in atherosclerosis

Sakaguchi first identified natural Tregs originating
from the thymus in 1995. For their differentiation
and functionality, Tregs constitutively express sig-
nificant quantities of the transcription factor Foxp3
and the CD25 (IL-2 receptor beta-chain) protein (Joly
et al., 2018). Multiple lines of evidence suggest that
Tregs prevent atherosclerosis by limiting harmful im-
munoinflammatory reactions. Naive T cells in the
periphery, such as in gut-associated lymphoid tis-
sue (GALT), can also produce peripherally derived
Tregs (pTregs), which maintain mucosal immunolog-
ical tolerance and decrease autoimmune reactions.
Low numbers of FOXP3+ Tregs have been found
throughout atherosclerotic plaques (Depuydt et al,,
2020).

Tregs’ overexpression of IL-10 inhibits the devel-
opment of atherosclerosis (Proto et al.,, 2018). The
CD4+Foxp3+ Tregs in the aorta and secondary lym-

phoid organs can transform into dysfunctional Th1-
like cells (Ali et al., 2020). As a result, IL-10 triggers
the M1 macrophage to switch to the M2 phenotype,
which reduces the production of IFN-, IL-1, and pro-
teolytic enzymes while increasing collagen synthesis
and smooth muscle cell (SMC) proliferation, thereby
reducing the severity of atherosclerosis (Ou et al,,
2018).

1.2. Biomarkers

CD4: (Cluster of Differentiation 4) CD4 is a gly-
coprotein that may be present on the surface of CD4
cells. CD4 cells, which include T helper cells, mono-
cytes, macrophages, and dendritic cells, are crucial
components of the human immune system (Bai et al.,
2020).

CD4 functions as a T cell coreceptor and a key
surface antigen for recognizing Th cells, in addition
to being involved in signal transduction. Although
much research has been done on using CD4 as a T cell
surface marker to distinguish CD4+ Th cells, its role in
signal transduction is still not fully understood (Tian
et al., 2022). Mammals lack a substantial extracellu-
lar region; however, they do have a transmembrane
domain and a crucial cytoplasmic tail with a con-
served motif (CXC) that interacts with the tyrosine
kinase Lck. Antigen-presenting cells (APCs) express
the MHC class II complex, which interacts with the
extracellular D1 and D2 regions of CD4. The Lck pro-
tein tyrosine kinase then noncovalently binds with
the cytoplasmic tail of CD4 to initiate T cell activation
(Tran et al., 2020).

Forked Box P3 (FOXP3): Foxp3 is a marker for
human Tregs, which regulate the release of the anti-
inflammatory cytokine IL-10 and are essential for
controlling immune tolerance and anti-inflammatory
responses (He et al., 2020).

FoxP3 belongs to the forkhead transcription fac-
tor family and is primarily found in the nucleus.
Genome-wide investigations of FoxP3 target genes
have shown that FoxP3 may bind to up to 700 dif-
ferent genes, as well as miRNAs that participate in
transcriptional regulation, the T cell receptor (TCR)
signaling pathway, and cell communication. This
complexity emphasizes the crucial role FoxP3 plays in
modifying transcriptional and receptor signaling net-
works throughout the development and maintenance
of Treg cells (Deng et al., 2019).

Through interactions with other transcription fac-
tors, Foxp3 controls Treg differentiation, mainte-
nance, and functional maturation. Additionally, it
suppresses CD4+ T cell proliferation while upregulat-
ing the expression of CD25 and other Treg markers
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and inhibiting IL-2 production. Peripheral CD4+ T
cells and CD4 single positive (SP) cells are present in
10-15% of healthy mice (Ono, 2020).

FoxP3 directly targets only a small number of genes
in the overall program of FoxP3-dependent gene ex-
pression, indicating that it indirectly controls a large
portion of the transcriptional program by interact-
ing with other transcription factors. In Treg cells,
FoxP3 functions as both a transcriptional activator
and a repressor of its target genes. FoxP3 and FoxP1
heterodimerize, enforcing FoxP3-mediated control of
gene expression and coordinating regulatory T cell
function (Konopacki et al., 2019).

CD25 marker: Soluble Cluster of Differentiation 25
(sCD25), also known as soluble Interleukin-2 receptor
(sIL2R), is a sign of inflammation and a diagnos-
tic indicator of immune system activation (Zahraini
et al., 2022). It is regarded as the most visible indica-
tion of cellular activity. Several subsets of peripheral
blood lymphocytes, including regulatory and resting
memory T cells, inherently display it on their surface
(Kasahara et al., 2022).

When T cells, B cells, and dendritic cells are ac-
tivated, the CD25 receptor is cleaved, resulting in
soluble CD25 (sCD25). The protease enzyme matrix
metalloproteinase-9 (MMP-9), which is produced by
T cells, macrophages, and dendritic cells stimulated
by inflammatory conditions, removes the CD25 re-
ceptor from the cell membrane. Cleaving CD25 to
create sCD25 can also reveal the proliferation and ac-
tivation of T cells as well as the activity of IL-2 linked
to its receptors (Webb et al., 2020).

2. Materials and methods

This case-controlled study included 45 patients clin-
ically diagnosed with IHD and 45 healthy controls.
The participants were between the ages of 40 and 73.
The samples were collected during the period from
4 October to 31 December 2022 at the Ibn Al-Bitar
Specialized Center for Cardiac Surgery in Iraq. Verbal
consent was obtained from the patients for the process
of collecting samples and conducting the research.

The patient group consisted of individuals in the
Intensive Care Unit (ICU) and Catheter Lobbies. They
all had Coronary Artery Disease Progression, had
undergone angioplasty, and suffered from Diabetes
Mellitus (DM) and Hypertension, with 90% of pa-
tients being smokers. All control individuals were
basically healthy with no Coronary artery disease. All
patients were taking drugs such as Aspirin, Insulin,
Crestor, Heparin, and Brilinta. The study groups con-
sisted of two groups: Ischemic Heart Disease patients
included 45 patients (30 males, 15 females), and 45
healthy individuals (27 males, 18 females).

The entire sample was used in this investigation.
Each patient’s veins were pricked for five milliliters of
blood, as were those of the healthy control groups. A
sample was placed in a gel tube and allowed to coag-
ulate for about 30 minutes. Serum was then isolated.
The Enzyme-Linked Immune Sorbent Assay (ELISA)
method was then used to quantitatively evaluate the
serum levels of CD4, CD25, and FOXP3. ELISA test-
ing was performed according to the manufacturer’s
recommendations (Mybiosource, USA). The optical
densities of each well were measured with an ELISA
reader at 450 nm, and the results for the concentra-
tions of CD4, CD25, and FOXP3 were extrapolated
from the standard curve.

2.1. Statistical analysis

Statistical analysis for this study was carried out
using IBM SPSS versions 25.0. Data were checked
for normal distribution. Homogeneity and random-
ization were calculated. For parametric data, mean
and standard deviation, T-test, ANOVA table, and
Pearson correlation were used to establish significant
differences, while for non-parametric data, Pearson’s
chi-square test was also used.

2.2. Ethical approval

Experimental design was carried out based on
the guidelines of the laboratory and according
to the protocol approved by the College of
Medicine/Department of Microbiology/Al-Iraqgia
University, Baghdad, Iraq, with the ethical clearance
number 195 dated 12 September 2022.

3. Results

3.1. Baseline characteristics of study samples

A total of 90 participants (45 cases and 45 con-
trols) were investigated. The ages of the study sample
ranged from 40 to 73 years, with a mean of 57.89 &
7.581 years. There were no significant differences in
age or gender between the patient and control groups.

3.2. Comparison of immunological parameters among
study’s groups

The mean level of CD4 was significantly higher in
the patient group compared to controls (1.31767 +
0.129556 vs. 0.71433 £ 0.107324).

The mean level of the immunological parameter
CD25 was also significantly higher in the IHD group
compared to the control group (1.30562 4 0.154170 vs.
0.58302 £ 0.089259).
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Table 1. Baseline characteristics of the study sample (n=90).

Study groups (IHD)
Characteristics Cases (Yes, n=45)  Control (No, n=45) Total (n=90) Significancy
Age (years)
Mean + SD 5729 +7.516 58.49 + 7.683 57.89 +7.581 t=-0.749, df: 88, P= 0.456%
Range (min-max) 33 (40-73) 30 (40-70) 33 (40-73)
Age (In groups)
<46 3(6.7) 5(11.1) 8 (8.9) x2:7.204, df: 4, P = 0.125P
47-53 14 (31.1) 4(8.9) 18 (20)
54-60 13 (28.9) 17 (37.8) 30 (33.3)
61-67 11 (24.4) 15 (33.3) 26 (28.9)
> 67 4(8.9) 4(8.9) 8 (8.9)
Gender
Female 15 (33.3) 18 (40) 33 (36.7) x%:0.431,df: 1 P =0.512P
Male 30 (66.7) 27 (60) 57 (63.3)

Table 2. Mean comparison of immunological parameter of CD4 among study’s groups (n=90).

Study groups (IHD) (n=90)

Immunological Parameters (Mean + SD)  Cases (n = 45)

Control (n = 45)

Mean differences  Significance ?

CD4 1.312878 £ 0.102548

0.72100 £ 0.095323

0.607778 t=29.120, df:88, P= 0.000

However, the mean level of the immunological
parameter FOXP3 was significantly lower in the pa-
tient group compared to the control group (0.64424 +
0.111555 vs. 1.24971 £ 0.122511).

4. Discussion

Coronary atherosclerotic disease (CAD) is charac-
terized by the accumulation of lipids and fibrous

1.500
1.250

1.000

Mean values of immunological parameter of CD4
(CD4)

material in the coronary circulation, which can lead
to conditions like myocardial infarction (MI) and un-
stable angina pectoris. The current study’s finding of
increased CD4 T cell accumulation in atherosclerotic
lesions is consistent with previous research.

CD4+ T cells also express the T-cell interleukin-
2 alpha receptor (sIL-2Ra), or CD25, at significantly
higher levels in patients with an active disease com-
pared to healthy individuals. The present study’s

Cases group

Controls groups

Study's groups

Fig. 1. Mean comparison of immunological parameter of CD4 among study’s groups (n=90).

Table 3. Mean comparison of immunological parameter of CD25 among study’s groups (n=90).

Study groups (IHD) (n=90)

Immunological Parameters (Mean + SD)  Cases (n = 45)

Control (n = 45)

Mean differences  Significance ?

CD25 1.30562 + 0.154170

0.58302 =+ 0.089259

0.722600 t=27.210, df:88, P= 0.000

a: Unpaired T-Test.
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Fig. 2. Mean comparison of immunological parameter of CD25 among study’s groups (n=90).

Table 4. Mean comparison of immunological parameter of FOXP3 among study’s groups (n=90).

Study groups (IHD) (n = 90)

Immunological Parameters (Mean &= SD)  Cases (n = 45)

Control (n = 45)

Mean differences  Significance ?

FOXP3 0.64424 + 0.111555

1.24971 £ 0.122511

-0.605467 t=-24.513, df:88, P= 0.000

a: Unpaired T-Test.

results, which show significantly higher CD25 levels
in the IHD group, align with this observation. How-
ever, the use of Foxp3 for more specific analysis of
Tregs became necessary because CD25 is expressed on
other non-Treg T cells.

Human regulatory T cells, identified by the FoxP3
marker, are believed to play a role in the pathogen-

1.500

1.250

1.000 |

50 |

500 |

Mean values of immunological parameter of FOXP3
(FOXP3)

esis of atherosclerosis by inhibiting pro-atherogenic
immune mechanisms. The depletion of Foxp3+ Tregs
has been shown to result in a significant increase in
CD4 T cell accumulation within atherosclerotic le-
sions. This is consistent with our findings that the
mean level of FOXP3 was significantly lower in the
patient group.

Cases group

Controls group

Study's groups

Fig. 3. Mean comparison of immunological parameter of FOXP3 among study’s groups (n=90).



78 AL-NISOUR JOURNAL FOR MEDICAL SCIENCE 2025;7:73-78

5. Conclusion

In conclusion, this study found that males were
more frequently affected by IHD than females. We
also found that the mean levels of CD4 and CD25
were significantly higher in the IHD group com-
pared to controls, while the mean level of FOXP3
was significantly lower. These findings highlight the
importance of T regulatory cells and their markers
in understanding the immune response in ischemic
heart disease.
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