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ABSTRACT
Background: Atherosclerosis is a chronic inflammatory disease affecting large and
medium arteries. CD4+ T cells are known to play a role in the progression of the
disease. CD4+CD25+Foxp3+ natural Treg (nTreg) cells seem to have a protective role
in the disease and their reduction in acute coronary syndrome is recently shown.
Objective: To investigate the frequency of nTreg subsets in the peripheral blood of
patients with atherosclerosis. Methods: Confirmation of atherosclerosis was done by
angiography and 15 ml heparinized blood was obtained from each of the 13 nondiabetic patients and 13 non-diabetic, non-smoker individuals with normal/insignificant
coronary artery disease which was also confirmed by angiography. Lipid profiles of the
patients and controls were measured at the time of sampling. Mononuclear cells were
used for both RNA extraction and immunophenotyping by real-time PCR and
flowcytometry techniques, respectively. Results: In natural Treg subsets, the frequency
of CD4+CD45RO-CD25+Foxp3lo T-cells (resting nTregs) was greater in controls than
patients (p=0.02). The frequency of CD4+CD45RO+CD25hiFoxp3hi T-cells (activated
nTregs) was significantly higher in controls compared with patients (p=0.02). However,
the frequency of CD4+CD25+CD45RO+Foxp3- T-cells (effector/memory) increased in
patients compared with controls (p=0.01). Both the MFI and gene expression of Foxp3
were higher in control group than in patients (p=0.015 and p=0.017, respectively).
Moreover, the TGF-β gene expression showed a decrease in the peripheral blood
mononuclear cells of patients compared with controls (p=0.03). Conclusion: Decrease
in both subsets of resting and activated nTregs along with a decrease in the expression
of Foxp3 and TGF-β genes in patients with atherosclerosis suggests phenotypic changes
in these subsets, which may as well be correlated with a more inflammatory profile in
their lymphocytes.
Yazdani M, et al. Iran J Immunol. 2016; 13(4):249-262.

Keywords: Atherosclerosis, Natural Tregs, CD45RO, FOXP3
--------------------------------------------------------------------------------------------------------------------------------------------------------------*Corresponding author: Dr. Mehrnoosh Doroudchi, Memory T cell Laboratory, Department of Immunology, School of
Medicine, Shiraz University of Medical Sciences, Shiraz, Iran, Tel/Fax: (+) 98-71-3235 1575, email:
mdoroud@sums.ac.ir
Iran.J.Immunol. VOL.13 NO.4 December 2016

249

Yazdani M, et al.

INTRODUCTION

Regulatory T cells (Treg), as a specific subpopulation of T cells, comprise 5–10% of all
peripheral CD4+ T cells, and are critical in the regulation of immune response,
homeostasis and tolerance (1). Tregs are divided to natural Tregs and inducible Treg
subsets (2). Natural CD4+CD25+ Tregs are produced in the thymus and play a critical
role in suppression of self-reactive immune responses and maintenance of self-tolerance
(3). Natural CD4+CD25+Foxp3+ Tregs can suppress different types of immune cells
including CD4+ and CD8+ T cells, B cells, natural killer (NK) cells, NKT cells,
monocytes, and dendritic cells (DCs). A main function of natural CD4+CD25+ Tregs is
suppression of activation of naïve T cells, but they can also inhibit activated effector T
cells and memory CD4+ and CD8+ cells (4). The other main subset of Tregs, iTregs,
develop from naive T cells in the periphery during an active immune response. iTregs
can be further divided to Tr1 cells that produce IL-10, and a TGF-secreting subset also
termed Th3 cells, as well as CD4+CD25-Foxp3+ cells (5,6). Three populations of
Foxp3 expressing nTreg cells are known as CD25+CD45RA+Foxp3loKi67- resting Treg
cells (rTregs), CD25hiCD45RA-Foxp3hi ki67+CTLA-4+CD95+GITR+ (glucocorticoidinduced TNF-receptor-related protein) activated Treg cells (aTregs), and
CD25+CD45RA-Foxp3lo non-Treg cells (7,8). The former populations both have
suppressive functions and the latter is non-suppressive and cytokine secreting in vitro
(8,9). In this regard, the suppressive populations inhibit proliferation, whereas,
CD4+CD25+CD45RA+Foxp3lo cells secrete proinflammatory cytokines such as IL-17,
IL-2, and IFN-γ and have minimal inhibitory function. Treg subpopulations vary in
proportions and function as reported in different autoimmune disorders (8,9).
Atherosclerosis is a chronic inflammatory disease of large and medium-sized arteries, in
which endothelial dysfunction and vascular inflammation is followed by the
accumulation of modified lipid, inflammatory cells and cell debris in ‘plaques’ within
the vascular wall (10). Although most cells in fatty streaks of the plaque are
macrophage-derived foam cells, T cells and macrophages are found in all stages of the
disease (11). T cells constitute about 10% of all cells in human plaques of which 70%
are CD4+ T cells (12). Different subsets of inflammatory, effector and regulatory T
cells, are found in the plaques. Two recent reports have shown the decreased number of
Tregs in human atherosclerosis (13,14). The role of natural Tregs (nTregs) in
experimental atherosclerosis was initially demonstrated in a study where depletion of
peripheral Tregs by anti-CD25 monoclonal antibodies increased the size of
atherosclerotic lesion and vulnerability in apolipoprotein E deficient (ApoE−/−) mice
(15). Human atherosclerotic lesions contain only limited number of Tregs (1%–5% of
all T cells) when compared with other chronically inflamed tissues (Tregs ≤25%).
Patients with coronary artery disease (CAD) have reduced frequency of peripheral Treg
cells (16), which is directly associated with carotid atherosclerotic plaque vulnerability
and inversely correlated with infiltrative mature dendritic cells (17,18). Treg cells, by
reducing blood cholesterol levels, prevent the accumulation of inflammatory cells and
secretion of pro-inflammatory cytokines, increase conversion of M1 to M2
macrophages (19), increase secretion of anti-inflammatory cytokines such as IL-35, IL10 and TGF-β and inhibit B cell activation, and thereby protect against atherosclerosis
(20). Despite the important role of Tregs in inflammatory diseases, detailed phenotypic
and functional studies on these cells in atherosclerosis are scarce. In this study, we
investigated the frequencies of Treg subsets in patients with atherosclerosis and
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compared it with control individuals. Our results indicated that the frequencies of
resting and activated nTregs were greater in controls than patients. However, the
frequency of effctor/memory T-cells was higher in patients compared with controls.
MATERIALS AND METHODS
Subjects. After detection and confirmation of atherosclerosis by peripheral
angiography, 15 ml heparinized blood was obtained from each of the 13 non-diabetic
patients (6 men and 7 women aged 39-77 yrs) who were diagnosed with coronary artery
disease. Control group consisted of 13 non-diabetic, non-smoker individuals with
normal/insignificant coronary artery disease confirmed by peripheral angiography (5
men and 8 women aged 47-72 yrs). The levels of low-density lipoproteins (LDL),
Triglycerides (TG), and Cholesterol (Chol) were measured for the patients and controls
at the time of sampling. Body Mass index (BMI) of patients were also calculated based
on the demographical information asked in a questionnaire (Tables 1 and 2). Peripheral
blood mononuclear cells (PBMCs) were separated from blood by density gradient
centrifugation on Ficoll. Part of the PBMCs (3×106) were used for RNA extraction and
real-time PCR experiments for detection of gene expression and the rest (3×106) were
used for Immunophenotyping of cells by flowcytometry.

Table 1. The demographical, lipid profile and BMI of the control individuals at the
time of entry to the study.
Number

Sex

Age

TG

CHOL

LDL

HDL

(years)

(mg/dl)

(mg/dl)

(mg/dl)

(mg/dl)

BMI

1

F

55

70

140

52

74

26.67

2

M

72

110

160

49

89

25.39

3

F

52

64

153

58

82.2

29.59

4

M

55

71

132

52

65.8

27.34

5

F

53

130

200

71

73

23.44

6

M

47

140

190

65

68.6

23.12

7

M

55

468

271

117

60.4

25.63

8

M

49

85

125

56

52

21.80

9

F

64

64

148

80

55.2

26.67

10

F

60

72

162

69

78.6

31.11

11

F

57

64

143

31

99.2

23.47

12

F

52

68

145

67

34

20.57

13

F

60

132

142

68

38

25.81

56 ± 6.6

62 ± 6.3

153 ± 22

60 ± 13

67 ± 19

25.4 ± 2.97

Mean ± SD
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Peripheral Blood Mononuclear Cells (PBMCs) Isolation. PBMCs were isolated by
density gradient centrifugation (Ficoll-Paque PLUS, Inno-train, Germany) and
cryopreserved in 10% dimethyl sulfoxide (DMSO; Sigma-Aldrich) in fetal bovine
serum (FBS Biosera, UK).

Table 2. The demographical, lipid profile and BMI of the patients at the time of
entry to the study.
Number

Sex

Age

TG

CHOL

LDL

HDL

(years)

(mg/dl)

(mg/dl)

(mg/dl)

(mg/dl)

BMI

1

F

64

94

114

51

44.2

20.45

2

M

61

88

90

34

38.4

23.44

3

F

49

76

108

42

50.8

18.94

4

M

76

56

118

58

48.8

19.48

5

F

70

57

163

75

76.6

35.67

6

M

65

125

164

65

74

25.71

7

F

64

120

190

80

86

21.48

8

M

68

105

170

90

59

19.03

9

M

39

154

198

97

70.2

25.26

10

M

74

82

152

70

65.6

22.20

11

F

42

166

235

134

67.8

18.26

12

F

77

122

229

138

66.6

34.17

13

F

65

153

185

80

74.4

27.77

62 ± 12

107 ± 36

162 ± 45

78 ± 31

63 ± 14

24 ± 5.6

Mean ± SD

Flowcytometric Analysis of Treg Subsets. For enumeration of Treg cells, PBMCs
(5×105 cells) were washed and stained using conjugated antibodies: anti-CD45RO-FITC
(BD Pharmingen), anti-CD4-PerCP (BD Pharmingen), anti-CD25-APC (BD
Pharmingen), and anti-Foxp3-PE (BD Pharmingen) and were incubated in 4°C for 30
minutes. The cells were subsequently washed and re-suspended in PBS containing 10%
FBS. For intracellular staining of Foxp3 molecules, the cells were fixed and
permeabilized by Foxp3 buffer set (BD, USA) before adding the conjugated Foxp3
antibody. For each sample, 1 × 10 cells were acquired by FACScaliburTM
flowcytometer. Live lymphocytes were gated on forward and side scatter and further
analyzed for surface marker and further cytokine expression analysis by real-time PCR
(see next section). Flowcytometry analysis was carried out by flowjo software (version
7.6.2). For analyzing mean fluorescent intensity (MFI), geometric mean was used.
Representative dot-plots and gating strategies for immunophenotyping analyses are
shown in Figures 1, 2 and 3.
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Figurre 1. Repressentative dott plots show
wing the gatin
ng strategy and
a percenta
age of Tregs
s. The
gating
g was perfo
ormed on lyymphocytes and then CD4+CD25+
C
T cells werre gated. On this
population, cells with expre
ession of Fo
oxp3 were differentiated
d from thosse without Foxp3
F
expre
ession.

Figurre 2. Repre
esentative dot plots sho
owing the gating
g
strateg
gy and perccentage of nTreg
subse
ets. The gatiing was perfformed on lyymphocytes and
a then CD
D4+CD25+ T cells were gated.
g
On th
his population
n the subsetss were defined based o the
t expressio
on of Foxp3 and CD45RO
O.
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Figurre 3. Repressentative dot plots show
wing the gating strategy and percenttage of Treg
gs and
effecttor T-cells. The
T gating was
w performe
ed on lympho
ocytes and th
hen CD4+CD
D25+ T cells
s were
gated
d. On this po
opulation and among the
e foxp3+ cells (based on a more co
onservative gating
g
than figure 1) cells with Hi exxpression of Foxp3 were
e differentiate
ed from thosse with Low Foxp3
F
expre
ession.

Reall-Time qPC
CR. Total RNA was extracted from
f
1 to 5 10 ceells using Trizol
T
reageent. The tottal RNA preeparation was
w reverse transcribed
t
using Supeerscript II reeverse
transscriptase, olligo (dT) annd random hexamer prrimer (Therrmo Fisher, USA) in a final
volum
me of 20 µl. For reaal-time quaantitative PC
CR (RT-qP
PCR), the rreaction miixture
contaained 2 µL cDNA, 10 µL SYBER
R GREEN premix
p
TAQ
Q2 (Takara,, Korea), an
nd 0.8
µl foorward and reverse primers in a final
f
volume of 20 µl. qPCR wass performed
d on a
ABI--7500 system (USA) under
u
the foollowing con
nditions: staage 1, 95°C
C for 30 secconds;
and stage
s
2, 95°C for 5 seeconds, 60°C for 34 seeconds. Am
mplification (50 cycles)) was
carried out and relative exxpression off each genee was deterrmined by nnormalizatiion to
18s. The primerr sequences were as foollows: Foxp
p3 sense 5ˊ--CATGATCAG
GCCTCACACC
CAC-3ˊ
and antisense
a
5ˊˊ-CCACTTGCA
AGACACCAT
TTTG-3ˊ; TGF
F-β sense 5ˊ-TGGTTGAG
GCCGTGGAGG
GGGA3ˊ and antisense 5ˊ-CTCGGCG
GGCCGGTAGT
TGAAC-3ˊ; 18
8s sense 5ˊ-C
CGAACGTCTG
GCCCTATCAACTT3ˊ and antisense
e 5ˊ-ACCCGTG
GGTCACCATG
GGTA-3ˊ. All
A primers were
w
supplied by metabion
(Germ
many).
Lipid
d Measureements. Trrigelyceride, total Cho
olesterol, HDLH
and L
LDL-Cholesterol
weree measured enzymaticaally in the seera by the diagnostic
d
laaboratory oof Dena Hosspital,
Shiraaz Universitty of Mediccal Sciencess, Shiraz, Iraan.
Statiistical Anaalysis. The Statistical analyses were
w
perforrmed usingg SPSS soft
ftware
(verssion 22, Chiicago, IL) and
a GraphPaad prism (veersion 6, Laa Jolla, CA)). Mann-Wh
hitney
U test was usedd for non-pparametric comparison
c
of the meddians. Speaarman’s rho
o rank
test was
w used to test the corrrelations. P values less than 0.05 were
w consideered significant.
Iran.J.Imm
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RES
SULTS
Freq
quencies off Foxp3+ lyymphocytess and Foxp
p3 MFI in controls
c
an
nd patientss. Our
resullts indicatedd that the frequencies
f
of CD4+Foxp3+ and CD4-Foxpp3+ lympho
ocytes
weree greater in controls thaan patients but
b only in CD4+ popuulation reacched a signifficant
levell (p=0.00899), (Figure 4).
4 In the CD4+
C
and CD4C
populaations in total lymphoccytes,
Foxpp3 MFI inccreased in controls coompared wiith patientss (p=0.01, p=0.02, p=
=0.03,
respeectively) (Fiigure 5).

Figu
ure 4. Frequuency of Foxxp3+ lymphhocytes in CD4+
C
and CD4C
populaation of patiients
and controls.
c
Peercent total is
i shown.

Figu
ure 5. Foxp33 MFI in tottal lymphoccytes and CD
D4+ and CD
D4- lymphoocytes of
patieents and conntrols. Geom
metric meann is calculateed.
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ural Treg subpopulatiions in the peripherall bloods of patients an
nd controlss. The
Natu
frequuency of CD
D4+CD25+
+CD45RO+F
Foxp3- T-ccells (effctor/memory T
T-cell) increased
in paatients com
mpared withh controls (p=0.01,
(
Fiigure 6). Inn natural T
Treg subsetss, the
frequuency of CD45RO-Fo
C
oxp3+ T-cellls (resting nTregs) was greater in controls than
patieents (p=0.022, Figure 6)..

Figu
ure 6. Frequuency of T cell
c subpopuulations bassed on the exxpression oof CD4, CD2
25,
CD45RO and Fooxp3 in the peripheral blood of paatient and coontrols. Perccent of pareent
popuulation (CD44+CD25+) is shown.

Table 3. Freque
ency of acttivated Tregs and acttivated/mem
mory cells based on the
t
exprression of CD25
C
and Foxp3
F
in CD4+CD45R
C
RO+ T-cells
s of patientts and conttrols
(see also Figurre 7).
Control (n=
=13)

Subseets

Mean ± SD (%)

CD4+
+CD25+CD455RO+
CD4+
+CD45RO+CD
D25+Foxp3hi

#

Patients ((n=11)
Mean ± S
SD (%)

1.98 ± 2.14

1.64 ± 1.112

0.21 ± 0.2

0.10 ± 0.009

lo

0.50 ± 0.62

0.27 ± 0.226

hi

0.06 ± 0.06

0.01 ± 0.001

CD4+
+CD45RO+CD
D25loFoxp3lo

0.38 ± 0.46

0.22 ± 0.221

CD4+
+CD45RO+CD
D25+Foxp3
hi

CD4+
+CD45RO+CD
D25 Foxp3

# Perceent total (of 100,0000 cells) is show
wn.
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How
wever, furthher analyssis of nT
Treg subsetts showedd that thee frequency of
hi
hi
CD45RO+CD255 Foxp3 T-cells (acctivated nTrregs) increaased in conntrols comp
pared
with patients (p=
=0.02, Figuure 7).
Foxp
p3loCD25loCD45RO+
C
and Foxp33hiCD25hiCD45RO+ in
n the Perip
pheral Bloo
ods of
Patieents and Controlls. Our results in
ndicated that
t
the frequency
y of
CD4+CD45RO+
+CD25+Foxxp3 cells was higher in controls compared with patien
nts but
the difference
d
beetween patiients and coontrols was not
n statistically significcant (Table 3).
Furthher investiggation show
wed that thhe frequenccy of CD4+
+CD45RO+
+ CD25 Foxxp3
(effector Tregs)) was highher in contrrols compaared with patients
p
(P=
=0.02) whille the
frequuency of CD4+CD45R
RO+CD25 Foxp3 (efffector/mem
mory T-cellls) was low
wer in
contrrols comparred with pattients (Figurre 7).

ency of activa
ated Tregs and
a activated
d/memory cells based on the express
sion of
Figurre 7. Freque
CD25
5 and Foxp
p3 in CD4+C
CD45RO+ T-cells
T
of pa
atients and controls. (A
A) Comparis
son of
CD4+
+CD45RO+C
CD25+ T cellls in controlss and patientts as a meassure of activa
ated T cells (which
(
expre
ess CD25 up
pon stimulatiion) and activated Tregs
s. (B) Foxp3 is taken into
o considerattion to
differentiate activa
ated T cells and activated Tregs. (C) The differen
ntial expressiion levels of CD25
and foxp3 on acctivate/ mem
mory T cellss (CD25lofox
xp3lo) and Tregs
T
(CD25
5hifoxp3hi). All
A the
perce
entages are percent
p
total.

Foxp
p3 MFI in CD4+CD225+ and CD
D4+CD25+
+Foxp3+ poopulation. In CD4+CD
D25+
and CD4+CD225+Foxp3+ populationns the MFI of Foxp3 was higgher in con
ntrols
comppared with patients
p
(Figgure 8).
mRN
NA Expresssion of Fooxp3 and TGF-β
T
in Total
T
Lym
mphocytes oof Patientss and
Conttrols. Data of this expeeriments revvealed that in control group,
g
Foxpp3 was exprressed
in a greater levvel than in patients with atheroscclerosis (p=
=0.017). Allso, TGF-β gene
expreession was lower in paatients comppared with controls
c
(p=
=0.03, Figurre 9).
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Figurre 8. Foxp3 MFI in CD4+
+CD25+ and
d CD4-CD25
5+Foxp3+ su
ubpopulationss in the perip
pheral
blood
d of patient and
a controls. Since part of
o CD4+CD25
5+ T cells we
ere Foxp3-, tthe MFI of Fo
oxp3+
cells were also an
nalyzed sepa
arately.

he Frequen
ncies of CD
D4+ T-Cell Subpopula
ations
Corrrelation of Bood Presssure with th
in Paatients with Atheroscclerosis. Thhe frequenccies of CD44+CD25+CD
D45RO- Fo
oxp3+
(nTreeg) cells weere higher inn patients with
w normal blood pressure (<13/99) compared
d with
patieents
withh
high
blood
pressure
(>13/9).
The
fr
frequencies
of
CD4+CD25+CD
D45RO+Foxxp3+ (aTreg) cells werre higher inn patients with normal blood
b
presssure (<13/9)) whereas thhe frequenccies of CD4
4+CD25+CD
D45RO+Foxp3- (effecttor or
mem
mory T-cell)) in patientts with higgh blood prressure werre more thaan patients with
norm
mal blood prressure. How
wever, nonee of these differences
d
r
reached
the significant level
(Figuure 10).

Figurre 9. mRNA expression of
o Foxp3 and
d TGF-β genes in the tota
al lymphocytes of patientts and
contrrols. No stimu
ulation was done
d
before extraction off RNA.

Corrrelation of Triglycerid
des with th
he Frequenccies of CD44+ T- Cell Subpopula
ations
in Patients
P
w
with
Atherosclerosis. Our results showedd that the frequenciees of
CD4+CD25+CD
D45RO-Foxxp3+ (nTregg) were hig
gher in patiients with nnormal leveels of
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triglycerides (<140 mg/dl) compared with patients with increased levels of triglycerides
(>140 mg/dl). However, none of these differences reached the significant level (Figure
10).
Correlation of Cholesterol Levels with the Frequencies of CD4+ T-Cell
Subpopulations in Patients with Atherosclerosis. Our result showed that the
frequencies of CD4+CD25+CD45RO-Foxp3+ (nTreg) were higher in patients with
normal levels of cholesterol (<200 mg/dl) compared with patients with elevated levels
of Cholesterol (>200 mg/dl). But the frequencies of CD4+CD25+CD45RO+Foxp3 and
CD4+CD25+CD45RO+Foxp3- in patients with high levels of Cholesterol were more
than patients with normal levels of Cholesterol. However, none of these differences
reached the significant level (Figure 10).
Correlation of LDL-Cholesterol with the Frequencies of CD4+ T-Cell
Subpopulations in Patients with Atherosclerosis. The frequencies of
CD4+CD25+CD45RO-Foxp3+ (nTreg) cells were higher in patients with normal levels
of LDL-Cholesterol (<110 mg/dl) compared with patients with elevated levels of LDLCholesterol (>110 mg/dl). But the frequencies of CD4+CD25+CD45RO+Foxp3 and
CD4+CD25+CD45RO+Foxp3- in patients with high levels of LDL-Cholesterol were
more than patients with normal levels of LDL-Cholesterol. However, none of these
differences reached the significant level (Figure 10).

Figure 10. Correlation of triglycerides, Cholesterol, LDL and blood pressure with the
frequencies of CD4+ T-cell subpopulations in patients with atherosclerosis.
Iran.J.Immunol. VOL.13 NO.4 December 2016
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DISCUSSION
Our results showed that in patients with atherosclerosis, the frequencies of both aTregs
and nTregs were decreased and the frequency of effector/memory T-cells was increased.
Previous studies have only investigated the number of total nTregs and showed that the
frequency of Foxp3+ Treg cells decreased in all stages of human atherosclerotic lesions,
as measured in surgical or biopsy samples (21). In our study, too, the frequencies of
CD4+ Foxp3+ and CD4- Foxp3+ lymphocytes were greater in controls than patients.
Similarly, the frequency of Foxp3+ Treg cells was reduced in the peripheral circulation
of patients with carotid artery plaques (22). A decrease in the number of Treg cells has
been associated with carotid atherosclerotic plaque vulnerability and is inversely
correlated with infiltrative mature dendritic cells (17,18). We studied the frequency of
resting and activated Tregs in order to investigate the possible population shift from
resting to activated Tregs or vice versa in atherosclerosis. A recent study showed that
the immune cell types involved in regulatory mechanisms might be over stimulated in
the early pre-clinical phase of atherosclerosis (23). Moreover, a correlation exists
between CD4+CD25hiFoxP3+ cell frequency and circulating lipids (23). Another study
showed that CD45RA−Foxp3hi but not CD45RA+Foxp3lo suppressive Tregs increased
in the peripheral circulation of patients with head and neck squamous cell carcinoma
and correlated with tumor progression (24). In our study a decrease in the
CD4+CD45RO+CD25+ Foxp3 subset in atherosclerosis was observed but did not
reach the significant level, however, when we considered CD25hi and CD25lo
population into account, we found the significantly higher activated/effector Tregs
(CD4+CD45RO+CD25 Foxp3 ) subset in controls compared with patients. This was
accompanied
by
a
higher
frequency
of
effector/memory
T-cells
(CD4+CD45RO+CD25 Foxp3 ) in the peripheral blood of patients. Expression of
Foxp3 molecule at the mRNA and protein level was also higher in PBMCs of controls
compared with patients. Similarly TGF-β gene expression was decreased in patients.
In conclusion, our results suggest a decrease in the total nTreg (resting and activated)
subsets in patients with atherosclerosis which shows that the resting population is not
turning to activated nTreg upon chronic stimulation in atherosclerosis. Although the
frequencies of nTregs were somewhat decreased in patients with elevated levels of
triglycerides, cholesterol, LDL cholesterol and blood pressure, the differences between
patients and controls were not statistically significant and we suggest a larger sample
size would be needed to confirm our results. Previous studies indicated that hyperlipidemia and high blood pressure were two main risk factors of atherosclerosis (25).
Moreover, statin therapy can reduce lipid levels and increase Tregs function and
frequency (26). Therefore, functional analysis of Tregs and its correlation with lipids
profile and hypertension would also be meaningful.
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