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ABSTRACT

Many observations showed that hypercholesterolemia can disrupt immune response. Statin drugs
that were used for the treatment of hypercholesterolemia patients can interfere in the regulation of the
immune response and cytokine secretion. The primary aim of the current study was to investigate the
immune response among treatment-naive patients with hypercholesterolemia and healthy subjects.
The secondary goal of the study was to determine whether atorvastatin can reverse the detrimental
effect of hypercholesterolemia on the immune system.

Peripheral blood mononuclear cells (PBMCs) were isolated from 50 patients afflicted with
hypercholesterolemia who were treatment-naive along with 50 sex/age-matched hypetrcholesterolemia
patients receiving atorvastatin, and 50 sex/age-matched healthy subjects. Quantitative PCR and
ELISA methods were used for gene and protein expression analysis of T helper 1 (Thl) and Th2
related cytokines. Additionally, the expression of the cluster of differentiation (CD) markers on T, B,
and natural killer (NK) cells was measured by flow cytometry method.

The results showed that hypercholesterolemia and atorvastatin down-regulated the expression of
Th1-related cytokines and elevated the levels of Th2-related cytokines. The expression of cell surface
markers, CD25 and CDG9, was significantly decreased in the treatment-naive, and atorvastatin groups.

It seems that atorvastatin is not able to repair the deleterious effects of hypercholesterolemia on
the immune system. Moreover, elevated levels of cholesterol along with the administration of
atorvastatin tilt the Th1/Th2 balance in favor of Th2 and reduce T cell activation.
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lipid metabolism and genetic defects. It increases the
risk of atherosclerosis, cardiovascular diseases, angina,
and stroke .'Of note, hypercholesterolemia impedes the
immune response and cytokine secretion in immune
cells. These effects of hypercholesterolemia were due
to alteration of cholesterol rates in the cell membrane
and cytoplasm of immune cells.’Studies indicated that
ApoE”" mice had increased levels of Th2 cells® and the
decreased number of Thl cells showing a deficiency in
cell-mediated immunity.*However, the research did not
come to a consensus about the association between
hypercholesterolemia and the risk of developing
cancer.>®

Statins,3-hydroxy-3-methylglutaryl-CoA (HMG-
CoA) reductase inhibitors, are a class of compounds
used for the treatment of patients with
hypercholesterolemia, hyperlipidemia, and
cardiovascular diseases.” Despite the beneficial effect
of atorvastatin on cholesterol lowering, the drug has
several side effects including Myalgia,®
Rhabdomyolysis, and Myopathy.” Statins also
influence the immune system as they are able to halt T
cell homing, migration, and adhesion, the Ilatter is
mediated by the down-regulation of integrins, adhesins,
and matrix metalloprotease proteins (MMPs)."" It is
thought the modulation of T cell response is exerted by
the hindrance of antigen presenting cells (APCs)
development through a reduction in major
histocompatibility complex II (MHC II) leaving the T
cells inactive.'' As a result, statins predominantly
temper the activity of  immune cells
monocyte/macrophages and T cells.'> The ability to
avert the activation of Thl cells upon using statins
made them desirable candidates for the alleviation of
autoimmune diseases such as rheumatoid arthritis,
multiple sclerosis, systemic lupus erythematosus
(SLE)."”In contrast to animal models, studies
performed on human clinical trials showed that
atorvastatin did not change any shift in the balance of
Th1/Th2 cells."* It has been demonstrated that blocking
the production of isoprenoids required for prenylation
of proteins such as Rho, Rac and Ras superfamily
GTPases plays a crucial role in fidelity of statins in
amelioration of inflammation."

There is a few information about the effect of
hypercholesterolemia on the immune system in the
literature.>* All of the researches dealt with the human
studies in terms of statin interaction with the T cell
functions were exclusively confined to cultured
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PBMCs taken from healthy individuals, patients with
autoimmune and cardiovascular diseases.'®'” Regarding
the scarcity of human studies on the role of
hypercholesterolemia in T cell activation and
differentiation, we aimed to investigate whether 1)
hypercholesterolemia can affect the immune system
function; 2) atorvastatin can oppress the harmful
impact of hypercholesterolemia on the immune system.

MATERIALS AND METHODS

Study Population

In this study, a total of one-hundred-fifty
individuals participated that were divided into three
groups as the following categorization: 50 patients
afflicted with hypercholesterolemia who received no
medication for cholesterol lowering (treatment-naive
group, this group takes appropriate medication after
blood sampling), 50 patients who were sex- and age-
matched taking atorvastatin at a dose of 10 mg/kg for at
least 4 months (atorvastatin group), and 50 healthy
individuals who were sex- and age-matched either
(healthy subjects). The participated subjects were
chosen from those referring to Rasul-e Akram Hospital,
Tehran, Iran. The diagnosis of hypercholesterolemia
was made in accordance with the measurements of
cholesterol at the particular time interval confirming
that the  patients suffer from  persistent
hypercholesterolemia (Table 1). The exclusion criteria
for the volunteers were smoking, neurological disorder,
cardiovascular diseases, inflammatory and allergen
disorders, and diabetes. The protocol used for the
sample collection and patient examinations was
confirmed by the ethical committee of the National
Institute of Genetic Engineering and Biotechnology
(NIGEB) (N. IE-715), and each volunteer was given
informed consent. All methods were performed in
accordance with the Declaration of Helsinki.

Cell isolation & Serum Separation

Whole blood samples (5 mL) were collected from
all individuals and poured in 0.5 M ethylene diamine
tetra acetic acid (EDTA)-containing tubes to avoid
coagulation. PBMCs were separated based on the
gradient density centrifugation technique by Ficoll
hypaque (Pharmacia, Uppsala, Sweden).

For the serum separation, blood samples were taken
in tubes lacking an anticoagulant, and then they were
centrifuged and stored at -80°C until use.
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Table 1. Demographic and clinical characteristics of subjects of healthy, treatment-naive and atorvastatin groups.

L. Healthy Treatment-naive Atorvastatin
Characteristics p-value
(n=50) (n=50) (n=50)
Sex (male/female) 23/27 25/25 26/24 0.9134
Mean age (range), years 47 (41-55) 49 (44-60) 53 (49-62) 0.3432
Mean BMI (range), kg/m2 23.2 (20-24) 32.8 (29-35) 28.2 (26-31) 0.0321"
Mean cholesterol level+SD (mg/dL) 160.2+11 300.4+15 172+19.8 0.0061™"
Mean LDL level+SD (mg/dL) 102.2+11.8 158.8+14.5 105£15.6 0.0176"
Mean HDL level=SD (mg/dL) 40.244.3 42.5+10.3 39.5+£5.7 0.8971
Mean Triglyceride level+SD (mg/dL) 129.8+15.8 124.1+30 122.6+24.3 0.7692

p-values have been obtained from the comparison of healthy and treatment-naive groups

BMI; Body Mass Index, LDL; Low-Density Lipoprotein, HDL; High-Density Lipoproteins

RNA Extraction & cDNA Synthesis

Total RNA was extracted from PBMCs using a
High Pure RNA Isolation Kit (Roche, Germany)
according to the manufacturer's instructions. The
quantity and quality of RNA were determined using
NanoDrop 2000 (Wilmington, USA) at 260 nm and
agarose gel analysis. For reverse transcription
polymerase chain reaction (RT-PCR), 400 ng of total
RNA was converted into complementary DNA (cDNA)
using Revert Aid First Strand ¢cDNA Synthesis Kit
(Thermo Fisher Scientific, Germany) based on
manufacturer's protocols. The produced cDNA was
stored at —20°C for spare use.

PCR and Real-Time PCR Analysis

Primers designing were performed by oligo7
software (version 7.56) using the RefSeq sequences of
GenBank database as described in Table 2; the
specificity of each primer pair was confirmed by
Primer-Basic Local Alignment Search Tool (BLAST)
online software. A PCR was performed to check for
any contaminating DNA and in order to confirm the
transcription of interested genes in a final volume of 20
pL with master mix PCR (Cinnagen, Tehran, Iran),
gene-specific primers (10 pmol/uL), and cDNA (1 pg)
in all samples and then loaded them on gel 1.5%.

Real-time-PCR  was performed for relative
quantification of the messenger RNA (mRNA)
expression of all interested genes in a final volume of
10 pL, using the SYBR Green Real-time PCR Master
Mix (Light Cycler Fast Start DNA Master Plus SYBR
Green I, Roche, Germany), and 10 pmol of the
previously mentioned primers and 1 pg cDNA. The
real time PCR protocol was as follows: pre-
denaturation at 95°C for 600 seconds, denaturation at
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95°C for 15 seconds, annealing at 60°C for 20 seconds,
extension at 72°C for 20 seconds, with 40 cycles.
Identification of fluorescent intensity in each sample
was performed by Rotor gene (Termocycler Rotor-
Gene™6000 Corbett Research/  Australia). Melting
curve analysis showed only one peak for each reaction
and this was also confirmed by electrophoresis of PCR
products that showed only one band of the expected
size.

Cytokine Measurements

The concentration of Interferon gamma (IFN-y),
Tumor necrosis factor alpha (TNF-a), Interleukin-2
(IL-2), Interleukin-4 (IL-4) and Interleukin-5 (IL-5)
cytokines was assayed in the serum of three studied
groups. In this section, 60 individuals among of 150
samples were selected randomly that consisted of 20
subjects (11 women+ 9 men; mean age=47 years) in the
treatment-naive group, 20 (10 women, 10 men; average
age=49 years) patients treated with atorvastatin, and 20
(12 women + 8 men; mean age=48 years) healthy
individuals. The aforementioned factors were all
analyzed by the commercial kits (R&D Systems,
Minneapolis, Minnesota, USA) according to the
manufacturer’s instructions. The optical density of the
samples was read using an ELISA reader (Spectra Max
M2e, Molecular Devices, USA) at 450 nm.

Immunophenotyping

Cell surface staining was performed for a total of
thirty individual consisted of 10 subjects (5 women+5
men; mean age=50 years) in the treatment-naive group,
10 (6 women+4 men; mean age=48 years) patients in
the atorvastatin group, and 10 (5 women+5 men; mean
age=45 years) healthy subjects. Immunophenotyping
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Table 2. Primers sequence of cytokines, transcription factors, and internal control genes, which were used for Real-Time

PCR in healthy, treatment-naive and atorvastatin groups to investigation effect of hypercholesterolemia and atorvastatin

drug on the expression of interested genes

Genbank Amplicon
Genes Accession Forward primer (5'— 3') Reverse primer (5'— 3') . P
size (bp)
Number
IL-2 NM_ 000586 ATTACAAGAATCCCAAACTCACCAG GTTGTTTCAGATCCCTTTAGTTCC 217
IL-4 NM 172348 CTTCCCCCTCTGTTCTTCCTG CCTTCTCAGTTGTGTTCTTCTGCTC 130
IL-5 NM_000879 TGCTGATAGCCAATGAGACTCTG GACTCTCCAGTGTGCCTATTCC 102

IL-6 NM_001318095 TCTGGATTCAATGAGGAGACTTGC
CGGTAACTGACTTGAATGTCCAAC
CTCCTTCAGACACCCTCAACC
CCAAGTTTAATCAGCACCAGACAG
GATA-3 NM 001002295 CCCTCATTAAGCCCAAGCGAAG
AGACGCAGGATGGCATGGG

IFN-y  NM 000619
TNF-o  NM 000594
T-bet  NM 013351

B-actin  NM 001101

CTCACTACTCTCAAATCTGTTCTGG 102
ACCATTACTGGGATGCTCTTCGAC 141
CGAAGTGGTGGTCTTGTTGC 101
CAAGACCACGTCCACAAACATCC 131
CAGGGGTCTGTTAATATTGTGAAG 167
GAGACCTTCAACACCCCAGCC 161

(bp; base pair)

was done using antibodies against CD3 on the T cells
as T cell diagnostic marker (FITC, Dako Denmark),
CD4/CD8 on the T helper cells/cytotoxic T cells as
signal  transduction = markers  (FITC/PE, BD
Biosciences), CD25 on the T cells as activation marker
(PerCP/Cy5.5, Biolegend), CD69 on the T cells as
activation marker (PerCP/Cy5.5, Biolegend), CD22 on
the mature B cells as regulatory marker (FITC, Dako,
Denmark), CD16 on the NK cells as signal transduction
marker (FITC, Immunostep), CD56 on the NK cells as
archetypal phenotypic marker of NK cells (PE,
Immunostep), CD45RO on the T cells as memory T
cell marker (PE, Dako Denmark). Appropriate isotype
controls were used as negative controls to determine
the nonspecific staining and background. In the first
stage, 100 puL of whole blood was poured into the test
tube, and the antibodies were added to the
recommended dilutions. Then, the tubes were incubated
for 30 minutes at 4 C. After the incubation time, 1 mL
of RBC lysis solution was added and incubated for 10-
15 minutes at room temperature. In the last step, the
sample was run in BD Fluorescence-activated cell
sorting (FACS) Calibur flow cytometry (BD
Biosciences, USA). The obtained data were analyzed
by the Flowjo Software (version 7.6.1). Gating was
applied to analyze the lymphocytes, and the results
were reported as the percentage of CD4- and CDS-
positive lymphocytes expressing either CD69 or CD25
surface markers in a total of all T cell population, CD3-
and CD22-positive lymphocytes expressing CD45RO
marker, and finally, CD16-positive lymphocytes that
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expressed CD56 surface marker.

Statistical Analysis

For analyzing the real time PCR data, the PCR
efficiency (E) and crossing point deviation (ACP) was
calculated by LinRegPCR Software (Version 11.0),
following the use of Relative Expression Software Tool
(REST 2009, Version 2.0.13) for statistical analysis.
Normality of other data was determined using the
Kolmogorov—Smirnov test. With respect to the data
(parametric vs. non-parametric) analysis of variance
(ANOVA) and Kruskal-Wallis tests were applied
where appropriate followed by post hoc Tukey's test.
The data were expressed as the meantstandard
deviation (SD). The calculation of the comparison was
carried out by the Statistical Package for the Social
Sciences (SPSS) software, version 16.0 (SPSS Inc.,
Chicago, Ill., USA). The difference between the
variables was statistically significant if the p-value was
less than 0.05.

RESULTS

Hypercholesterolemia and Atorvastatin Decreased
the mRNA Expression of Th1-Related Cytokines
The results showed that the treatment-naive and
atorvastatin groups had significantly (p<0.0001) lower
the mRNA expression of IL-2, IL-6, IFN-y, TNF-a
cytokines, and T-bet transcription factor in comparison
to the healthy individuals. In addition, the mRNA
expression of IFN-y, TNF-a cytokines and T-bet was
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lower in the atorvastatin group compared with the subjects; however, the expression of IL-4 did not
treatment-naive  group  (p<0.01); however, the significantly ~differ between the two groups.
expression of IL-2 and IL-6 remained unchanged Correspondingly, the treatment with atorvastatin caused
(Figure 1). a significant up-regulation in the mRNA expression of
IL-5 and GATA-3. The expression of IL-4 was not
Hypercholesterolemia and Atorvastatin Increased affected by the administration of atorvastatin in patients
the mRNA Expression of Th2-Related Cytokines with hypercholesterolemia. On one hand, the expression
The treatment-naive group had significantly of GATA-3 and IL-5 was significantly increased in
(»<0.05) higher levels of cholesterol and Low-Density atorvastatin group when compared with the treatment-
Lipoprotein (LDL), as well as the higher expression of naive group; yet, the expression of IL-4 did not
IL-5, and GATA-3 in comparison to the healthy significantly differ between two groups (Figure 2).
H Control
E= Treatment-naive
1.5 - = Atorvastatin
&5 1.01
i
3%
%E 05. .
oo ML 0 Eﬁ
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Figure 1. The effect of hypercholesterolemia and atorvastatin drug on the expression of Thl-related genes. The bar plot
indicates the mRNA expression of Thl-related genes and T-bet transcription factor in PBMC samples of healthy, treatment-
naive and atorvastatin groups. The expression ratios plotted for IL-2, IL-6, IFN-y, TNF-0, and T-bet genes were significantly
decreased in the treatment-naive and the atorvastatin group patients in comparison to the healthy individuals. The mRNA
expression of IFN-y, TNF-a cytokines, and T-bet was lower significantly in the atorvastatin group compared with the
treatment-naive group. Post hoc Tukey' test. Error bars represent the standard deviation. The number of subjects in each

group= 50. Statistical significance was designated as: **, p<0.01; ****, p<0.0001.
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Figure2. The effect of atorvastatin on the expression of Th2-related genes. The bar plot indicates the mRNA relative
expression patterns of Th2 -related genes and GATA-3 transcription factor in PBMC samples of healthy, treatment-naive
and atorvastatin groups. The treatment-naive and atorvastatin groups had significantly higher the mRNA expression of I1L-5
and GATA-3 genes in comparison to healthy individuals. The mRNA expression of GATA-3 and IL-5 was increased in the
atorvastatin group when compared with the treatment-naive group significantly. Post hoc Tukey' test. Error bars represent
standard deviation. The number of subjects in each group= 50. Statistical significance was designated as: *, p< 0.05; **, p<
0.01; ***, p< 0.001;****, p< 0.0001.
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Figure 3. The effect of atorvastatin on the expression of Th1l- and Th2-related proteins. The bar plot shows the serum level of
IL-2, IFN-y, TNF-a, IL-4, and IL-5 in healthy, treatment-naive and atorvastatin groups. The expression ratios plotted for
Thl-related proteins were found to be significantly decreased in treatment-naive and atorvastatin group patients in
comparison to a healthy subject. The level of TNF-a was lower in the atorvastatin group compared to the treatment-naive
group. The expression ratios plotted for Th2-related proteins did not differ between three groups except IL-5 were found to
be significantly increased in atorvastatin group patients in comparison to a healthy subject. Post hoc Tukey's test. Error bars
represent standard deviation. The number of subjects in each group= 20. Statistical significance was designated as: **, p<

0.01; ***, p< 0.001;****, p< 0.0001.

Effect of Hypercholesterolemia and Atorvastatin on
Protein Levels of Thl- and Th2-Related Cytokines

The results showed that hypercholesterolemia leads
to a significant decrease (p<0.0001) in the expression
of Thl related cytokines including IL-2, IFN-y, and
TNF-a in the treatment-naive group in comparison to
the healthy subjects. In line with this, it was shown that
atorvastatin significantly (p<0.0001) decreased the
gene expression of IL-2, IFN-y, and TNF-a in those
patients underwent statin therapy in comparison to the
healthy individuals. Individuals treated  with
atorvastatin had significantly (p<0.01) lower levels of
TNF-a than those who were treatment-naive. On one
hand, hypercholesterolemia did not significantly affect
in the expression of Th2 related cytokines in the
treatment-naive group in comparison to healthy
subjects.  Correspondingly, the treatment with
atorvastatin caused a significant increase in the
expression of IL-5 in comparison to healthy subjects
while the expression of IL-4 was not affected by the
administration of atorvastatin in patients with
hypercholesterolemia (Figure 3).

Correlations of Thl- and Th2-Related Cytokines

Protein Expression with Patient’s Characteristics
Table 3 shows that no significant correlation

between the age, and the expression of all the IL-2,
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IFN-y, TNF-a, IL-4, and IL-5 cytokines. A significant
negative correlation was found between the level of IL-
2 and the Body Mass Index (BMI) of all individuals.
The data also indicated that LDL concentration was
significantly negatively correlated with the expression
of IL-2, IFN-y, and TNF-a, while there is no significant
correlation with the expression of IL-4 and IL-5.
Accordingly, while there are significant correlations
between the levels of IL-2, TNF-a, and IL-5 with
cholesterol level, no significant correlation was found
between the cholesterol levels and the expression of
IFN-y and IL-4.

Hypercholesterolemia and Atorvastatin Decreased
Expression of T Cell Activation Markers

Flow cytometry analysis of the surface receptors of
the T cells showed that the treatment-naive group had a
significantly lower (p<0.05) number of CD4'CD25",
CD4'CD69", CD8'CD25", and CD8'CD69" cells over
that of the healthy subjects. Similar results were
obtained in patients received atorvastatin in comparison
to the healthy individuals except for the number of
CD4'CD25" cells that were not significantly affected in
response to atorvastatin treatment. The number of all T
cell groups did not significantly differ between the
treatment-naive and atorvastatin groups (Figure 4).
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Table 3. Association of Thl- and Th2- related cytokines with characteristics of patients with hypercholesterolemia in the
treatment-naive group.

Proteins Age (years old) BMI (kg/m2) Cholesterol (mg/dl) LDL (mg/dl)
<49 >49 <328 >32.8 <248 >248 <148 >148
IL-2 r=+0.175 =-0.684 =-0.896 r=-0.732
p=0.287 p=0.01* p=0.0007%** p=0.030%
IFN-y r=+0.214 r=-0.196 r=-0.215 r=-0.878
p=0.886 p=0.392 p=0.171 p=0.029*
r=+0.118 r=-0.216 =-0.724 r=-0.927
TNF-a
p=0.728 p=0.534 p=0.043* p=0.004**
L4 r=+0.253 r=+0.186 r=+0.189 r=+0.254
p=0.457 p=0.856 p=0.256 p=0.321
IL-5 r=+0.196 r=10.227 r=+0.649 =+0.298
p=0.792 p=0.537 p=0.041* p=0.085

(BMI; Body Mass Index, LDL; Low Density Lipoprotein, *, p<0.05; **, p<0.01; ***, p<0.001)
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Figure 4. The effect of hypercholesterolemia and atorvastatin on the expression of T cell activation markers. A) Appropriate
isotype control. B) The expression level of the cell surface activation markers on T cells was shown in all groups. The number
of each T cell surface markers has been determined by flow cytometry analysis. The results of flow cytometry analysis were
simplified and expressed as dot plots. Post hoc Tukey's test; n=10 for each group. Statistical significance was designated as: *,
p<0.05; **, p<0.01; ***, p<0.001;****, p<0.0001.
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Figure 5. The effect of hypercholesterolemia and atorvastatin on the expression of cell surface marker of T, B memory cells,
and NK cells, as well as the CD4/CD8 ratio. Appropriate isotype control (A). Hypercholesterolemia and atorvastatin
decreased the percentage of CD22"CD45RO™ cells (C) and the CD4/CD$ ratio (E) but had no effect on T memory and
CD56CD16 NK cells (B, D). The number of each cell types was analyzed by flow cytometry analysis, and the results were
simplified and depicted as dot plots. Post hoc Tukey' test; n=10 for each group. Statistical significance was designated as: *,

Pp<0.05; ¥¥% p<0.001.

Effect of Hypercholesterolemia and Atorvastatin on
the Phenotype of T, B Memory, and NK Cells as
Well as theCD4/CD8 Ratio

It was shown that 1.9% of B cells in the treatment-

Vol. 18, No. 5, October 2019

naive group were positive for CD22 and CD45RO that
was significantly (p<0.0001) lower than the number of
CD22'CD45RO" cells in the healthy subjects.
However, the number of CD3" T cells and
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CD56'CD16" NK cells remained unchanged. The
results also revealed that the treatment with atorvastatin
caused a significant (p<0.001) diminish in the number
of cells positive for CD22 and CD45RO compared with
the healthy individuals; yet, the number of CD3" T
cells and CD56°CD16" NK cells did not significantly
differ between the two groups. The ratio of CD4 to
CD8 in the treatment-naive patients and patients
323 % and 3.27 %,
respectively that shows both hypercholesterolemia and
receiving atorvastatin can lead to the decrease (p<0.05)
in the ratio of those CD markers in comparison to the
healthy individuals. The phenotype of T, B memory,
and NK cells, as well as the CD4/CD8 ratio, did not

received atorvastatin was

significantly differ between the treatment-naive and
atorvastatin groups (Figure 5).

The comparison between the number of CD69 and
CD25" T cells showed that the number of CD69'T cells
was significantly elevated in the healthy group
compared with the other groups. Besides, when the
number of CD4'CD25", CD8'CD25", CD4'CD69", and
CD8'CD69" was analyzed in all groups, the percentage
of cells expressing CD8 and CD25 was more affected
in the treatment-naive and atorvastatin group compared
with the healthy control in which a significant decrease
in the number of those cells was reported in the
the atorvastatin groups in
comparison to the healthy subjects (Figure 6).
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Figure. 6. The effect of hypercholesterolemia and atorvastatin on the cell percentage of various CD markers in healthy,

treatment-naive and atorvastatin groups. Means £SD; post hoc Tukey's test; n=10.

Table 4. Correlations of CD markers expression in untreated hypercholesterolemia patients with patient characteristics.
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(CD; cluster of differentiation, BMI; Body Mass Index, LDL; Low Density Lipoprotein, *, p<0.05; **, p<0.01)
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Correlation of the CD Markers Expression with
Patient Characteristics

As was in Table 4, there was no correlation between
the age and BMI of individuals and the expressions of
all CD markers. There was a significant negative
correlation between the cholesterol levels and the
number of CD4'CD25", CD8'CD25", and CD8 CD69"
cells. Notably, the ratio of CD4 to CD8 was
significantly linked to the concentrations of cholesterol
in patients who were treatment-naive. Furthermore, it
was shown that the levels of LDL were negatively
correlated with the number of CD4 cells positive for
CD25 and CD69.

DISCUSSION

Many efforts have been made to illuminate the
interaction of hypercholesterolemia and statins on the
immune system function. However, those studies were
not comprehensive.*'® To get a better insight on the
anti-inflammatory effect of hypercholesterolemia and
statins on the functionality of the immune system, we
investigated the effect of hypercholesterolemia and
atorvastatin  on T cell differentiation, Th1/Th2
polarization, and T cell activation in patients who were
considered either treatment-naive or atorvastatin users.

In this study, we observed that
hypercholesterolemia and atorvastatin shifted the ratio
of Th1/Th2 in favor of Th2 resulted in mitigation of the
cell-mediated immunity and T cell activity. On one
hand, it was shown that hypercholesterolemia and
atorvastatin incited the humoral immunity system.
Hence, atorvastatin could not reverse the harmful
effects of hypercholesterolemia on the immune system.
Where the atorvastatin is more safe and well-tolerable
amongst statins family, we chose it for the present
experiment.'’

Zhou et al suggested that hypercholesterolemia
drives Th1/Th2 balance towards Th2-related cytokine
release.*Consistent with our results, Lei et al showed
that elevated levels of cholesterol and LDL in
hyperlipidemia patients resulted in a decrease in Thl-
related cytokines such as IFN-y, TNF-a, IL-2, IL-6,
and T-bet transcription factor. Inversely,
hypercholesterolemia leads to increasing the expression
of Th2-related cytokines such as IL-5 and GATA-3
transcription factor. It is of note that T-bet and GATA-
3 are crucial transcription factors in differentiation of
ThO cells into the development of Thl and Th2 cells,
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respectively.'’

In parallel, in vitro studies have displayed that statin
drugs, which used for treatment of
hypercholesterolemia patients, impair the proper
function of the immune cells and consequently weaken
their timely response to infectious agen‘[s.20~21 The
inhibitory effects of statins on Thl cells caused
simvastatin is used for the treatment of various
inflammatory diseases such as arthritis in rodent
models.'®According to our results, it is suggested that
atorvastatin decreases the mRNA expression of IFN-y,
TNF-a, IL-2 and IL-6 and T-bet transcription factor. In
addition, it increases the expression of Th2- related
cytokine expressions namely IL-5 and GATA3
transcription factor in patients with
hypercholesterolemia. One of the possible underlying
mechanism in which atorvastatin can drive the Th1/Th2
balance in favor of the overproduction of Th2 is the
induction of signal transducer and activator of
transcription 6 (STAT6) phosphorylation and up-
regulation of the GATA-3 transcription factor.”” It can
accordingly inhibit the differentiation of Thl cells via
the preventing STAT4 phosphorylation and down-
regulation of T-bet transcription factor.”® In this
context, atorvastatin can down-regulate the expression
of IFN-y through disruption of MHC II transcription
activation and finally, resulting in the inhibition of
antigen presentation on APCs and damping the
generation of proinflammatory Thl cells.”* We
measured the protein levels of Thl- and Th2-related
cytokines by the ELISA method in which
hypercholesterolemia and atorvastatin both lowered the
concentrations of Thl-related cytokines such as IL-2,
IFN-y, and TNF-a in serum and concentrations of IL-5
as Th2-related cytokine increased by atorvastatin. The
obtained data from the protein levels corroborated the
mRNA expressions of their cognate genes. It should be
noted that the correlation of Thl- and Th2-related
cytokines was calculated with the demographic
characteristics of patients who were treatment-naive in
which the expression of IL-2, TNF-a and IL-5 was
associated with the concentration of cholesterol in the
serum of hypercholesterolemia patients. In a suitable
manner, the level of LDL was also attributed to the
levels of IL-2, IFN-y, and TNF-a in the above patients.

Leung BR and Weber found that atorvastatin can
boost the expression of Th2 cells.'®* Link et al showed
that rosuvastatin resulted in a rapid reduction in plasma
cytokines such as IFN-y, IL-6, and TNF-0.2® Similar to
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our results, Shimada K et al showed that atorvastatin
shifted the balance of Th1/Th2 in favor of Th2 in
patients with the acute coronary syndrome (ACS)."
Prevention of protein prenylation is one of the bona
fide strategies that atorvastatin employs to dampen the
signal  transduction of pathways involved in
inflammation.”” IL-2 is required for the initiation and
activation of T-cell-mediated immunity, which plays an
important role in combating the cancer cells.”® Along
with IL-2, IFN-y is able to eliminate tumor tissue by
means of elevating Thl cells and T cell activation.”
TNF-a has been shown a potent tumor killer agent
exerting anti-cancer activity both in vivo and in vitro.*°
IL-5 is also an important interleukin which is under the
control of GATA-3 transcription factor playing a
pivotal role in the pathogenesis of asthma hyper-
eosinophilic syndromes and eosinophil-dependent
inflammatory diseases.”’ Collectively, in the present
study, we suggested that hypercholesterolemia and
atorvastatin through down-regulation of cytokines with
anti-tumor  effects might impair cell-mediated
immunity and probably increase the risk of cancer.
Also, these by up-regulation of IL-5 cytokine and
GATA-3 transcription factor might induce humoral
immunity and probably increase the risk of allergic
dependent diseases.

The previous studies showed that increased levels
of cholesterol abolish the T cell homeostasis leading to
impaired the T cell function.’*”* Muldoon MF et al
showed that a high cholesterol diet can increase CD4
and CD8 T cells but don’t affect B and NK cell
number.**In the present study, it was observed that high
level of cholesterol and LDL decreased the expression
of CD69 and CD25 activation markers on CD4 and
CDS8 T cells and reduced memory B cells but had no
effect on T memory cells and NK cells. Furthermore,
the correlation analysis revealed that the number of
CD4'CD25" and CD8'CD69" cells is directly
associated with the levels of cholesterol and a less
extent with the LDL concentration in sera of
hypercholesterolemia patients. The ratio of CD4 to
CD8 was correlated with the levels of cholesterol as
well. Guo X et al observed that cholesterol can modify
receptor signaling through the elevation of different
conformational states in membrane receptors and
change the composition of T cell membrane resulting in
the altered T cell operation.*®

There are contradictory reports about the impact of
statins on the expression of CD25 and CD69 on the T
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cell surface. A study by Norbert et al they disclosed
that atorvastatin lowered the expression of CD25 and
CD69 on the T cells,® whereas Li-Hua WU and
colleagues demonstrated that Fluvastatin inhibited
CD69 expression in vitro, but it did not affect the
expression of CD25.7 In this study, we detected
decreased expression of CDS'CD69", CD8'CD25",
CD4'CD69" cells in response to atorvastatin treatment
while the expression of CD4'CD25" did not alter.
Interestingly, despite a decrease in the number of
memory B cells in response to administration of
atorvastatin, the number of memory T cells remained
unchanged. We also exhibited a decreased number of
CD8'CD25" cells in the treatment-naive and the
atorvastatin groups compared to the healthy controls.
The preventing effect of atorvastatin on the T cell
activation is mediated by the disruption of APCs
maturation.”> Additionally, atorvastatin is capable of
interfering with the T-cell receptor (TCR) signaling
pathways via dysregulation of small Ras-like GTPases
and the Rab-dependent pathways that are involved in
receptor endocytosis.”> It also blocks Lymphocyte
function-associated antigen 1-Intercellular Adhesion
Molecule 1(LFA-1-ICAM-1)interaction by binding to
LFA-1.°® In agreement on our results, Kanda et al
reported that low-dose simvastatin decreased the ratio
of CD4 to CD8 T cells when administered in patients
with rheumatoid arthritis.*> We observed a significant
decrease in the ratio of CD4/CDS in peripheral blood of
the atorvastatin group. Also, high level of cholesterol
and LDL obtained similar results about CD4/CD8
ratios in the treatment-naive group. The low ratio of
CD4 to CD8 can raise the risk of cancer because of
lacking a sufficient number of Th1 cells.*
A limitation of the present study was that, it was
difficult to find specimen of patients with only high
cholesterol and LDL, but normal triglyceride levels,
who additionally did not have any specific disease.
Altogether, regarding our study, it seems that
hypercholesterolemia can disrupt the immune system
through the effect of T cell activation and
differentiation. On the other hand, besides of beneficial
effect of atorvastatin on cholesterol lowering, it
diminished the activation of T cells, made a
perturbation in inflammatory cytokines, and is not able
to repair the deleterious effects of hypercholesterolemia
on the immune system.
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