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Abstract
Autoimmunity is an identified factor for development of end-stage renal disease (ESRD). Regulatory T-cells (Tregs) play a 
fundamental role in preventing autoimmunity. This study aimed to determine Treg frequency and its effects on cytokine 
profile of ESRD patients with and without systemic lupus erythematosus (SLE). Moreover, this study also determines 
how Treg number is affected by blood transfusion and gender. Peripheral blood mononuclear cells were isolated from 
26 ESRD and 10 healthy subjects and stained with anti-CD4, anti-CD25, and anti-FoxP3 antibodies. Treg frequencies 
in ESRD patients with and without blood transfusion were determined by flow cytometry. Antibodies against human 
leukocyte antigens (HLAs) were investigated by panel-reactive antibodies screening. Tumor growth factor (TGF)-β1, 
interleukin (IL)-4, IL-10, TNF-α, IL-17A, and interferon (IFN)-γ serum levels in participants were measured by enzyme-
linked immunoasorbent assay (ELISA). ESRD patients with SLE, unlike the patients without SLE, showed a significant 
reduction in Treg percentage compared to healthy subjects (P < 0.01). All women had a reduced number of Tregs 
compared to men. Treg number was significantly decreased in ESRD patients with HLA antibodies (P < 0.05). Blood 
transfusion enhanced Treg development in ESRD patients without SLE, unlike the patients with SLE (P < 0.05). ESRD 
patients with low Treg showed a reduction in TGF-β1 and IL-4 and an increase in TNF-α and IL-17A levels compared 
to control groups (P < 0.05–0.0001). However, no change was observed in IL-10 and IFN-γ levels. Treg frequency was 
negatively associated with the age of patients (P < 0.01), while this association was not observed in healthy subjects. 
Based on these findings, it can be observed that reduction in Treg number may contribute to ESRD development in 
patients with SLE.
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Introduction

End-stage renal disease (ESRD) is the last stage of 
chronic kidney disease that kidney functions reach 
below 10% of its normal ability.1 In most cases, 
ESRD is caused by autoimmune disorders and 
other health problems including diabetes, high 
blood pressure, genetic disorders, nephrotic syn-
drome, and urinary tract problems. Hemodialysis, 
peritoneal dialysis, and kidney transplantation are 
the most common treatments for ESRD.2,3

In autoimmune disorder, a condition in which tol-
erance to self-antigens is defect, autoantibodies 
against self-antigens bind to circulating antigens 
and produce immune complexes (antigen–antibody 
complexes) which may dispose in different tissues, 
especially blood vessel wall and glomerular base-
ment membrane (GBM).4,5 This process can be sub-
jected to a number of responses, including activation 
of complement and recruitment of inflammatory 
cells to the sites of immune complex deposition. 
Complement activation leads to further cellular 
infiltration, cytokine secretion, and vasoactive 
mediator production of endogenous and infiltrating 
cells, which include T-cells, neutrophils, mac-
rophages, and platelets. In turn, inflammatory medi-
ators affect the function of renal cells and thereby 
participate in the pathogenesis of renal diseases.4,6,7

Regulatory T-cells (Tregs), a subgroup of CD4+ 
T-cells, play an indispensable role in peripheral tol-
erance to self-antigens.8 These cells are character-
ized by the expression of several markers including 
cytotoxic T lymphocyte antigen-4 (CTLA-4), glu-
cocorticoid-induced TNF receptor (GITR), CD25, 
and forkhead family transcription factor (FoxP3).8 
Treg participates in downregulating immune 
responses to a verity of self-antigens and prevent-
ing the development of autoimmune diseases.8,9 
Previous studies have evidenced that Tregs exert 
their immunosuppressive functions by the mecha-
nism of cell–cell interaction and secretion of inhib-
itory cytokines such as interleukin (IL)-10, 
transforming growth factor-beta1 (TGF-β1), and 
IL-35.9 Extensive data of the literature have shown 
that the reduced number and impaired function of 
Tregs contribute to the pathogenesis of various 
autoimmune disorders such as rheumatoid arthritis 
(RA), multiple sclerosis (MS), and systemic lupus 
erythematosus (SLE).8,10

Given the role of Tregs in the maintenance of 
immunological self-tolerance, the aim of this study 

was to investigate whether Treg frequency in 
peripheral blood of ESRD patients with lupus 
nephritis differs from ESRD patients with health 
problems including hypertension, diabetes, Alport 
syndrome, recurrent respiratory infections, and 
nephritic syndrome. We also determined how the 
blood transfusion influences Treg number in ESRD 
patients. Furthermore, cytokine profile of ESRD 
patients with low Treg was compared with the 
patients with normal Treg and healthy subjects.

Materials and methods

Subjects

A total of 26 ESRD patients suffered from lupus 
nephritis and health problems were recruited 
among those referred to a transplantation center, 
Isfahan, Iran from May 2018 to December 2018. 
ESRD, lupus nephritis, and health problems were 
diagnosed by specialist according to clinical and 
laboratory diagnostic criteria (Table 1). All ESRD 
patients were on dialysis and in the remission phase 
of lupus nephritis. The blood sampling was carried 
out at least 48 h after the last dialysis. Patients with 
SLE reached in ESRD due to lupus nephritis (type 
VI) and had a score of 4 for SLE disorder. The first 
manifestations for lupus nephritis in ESRD patients 
were the presence of red blood cells (RBCs), white 
blood cells (WBCs), and renal tubular epithelial 
cell (RTE) casts in urine. ESRD patients with lupus 
nephritis did not receive any immunosuppressive 
agents after starting dialysis and at the time of the 
study. A total of 10 healthy volunteers without any 
history of health problems and autoimmune abnor-
malities were also participated as a control group. 
The study was approved by the Ethics Committee 

Table 1.  Diagnosis criteria for ESRD patient selection.

Clinical criteria Laboratory criteria

Anorexia Cr > 1.4
Weight loss BUN > 26
Morning nausea GFR < 15
Refractory acidosis Hyper kalmia
Neurologic symptoms 
such as asterixis

Decrease in kidney size 
in MRI imaging

Pruritus FBS
Uremic pericarditis  

ESRD: end-stage renal disease; Cr: creatinine; BUN: blood urea nitro-
gen; GFR: glomerular filtration rate; MRI: magnetic resonance imaging; 
FBS: fasting blood sugar.
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of Isfahan University of Medical Sciences that was 
in accordance with the Declaration of Helsinki for 
medical research involving human subjects. The 
informed consent was obtained from all partici-
pants before entering the study. Table 2 shows the 
demographic and laboratory characteristics of 
ESRD and healthy subjects.

Sample collection and peripheral blood 
mononuclear cells isolation

Heparinized venous blood samples (5 mL) were 
collected from ESRD and healthy subjects. 
Peripheral blood mononuclear cells (PBMCs) were 
isolated from whole blood by Ficoll density cen-
trifugation according to the manufacturer’s guide-
line (Lymphodex, Germany). The isolated cells 
were washed twice with 0.15 M phosphate-buff-
ered saline (PBS), and the cells were counted using 
a Bürker Neubauer chamber (haemocytometer, 
40443001; Hecht Assistent, Germany). Cell viabil-
ity was determined by trypan blue dye exclusion.

Flow cytometry

To assess the percentage of circulating Tregs in 
ESRD patients and healthy subjects, the isolated 
cells were stained with fluorescein isothiocyanate 
(FITC) anti-human CD4 and phycoerythrin (PE) 
anti-human CD25 antibodies (eBiosciences, USA) 
for 25 min at 4°C. Isotype-matched control antibod-
ies were used as negative controls. Fixation and 
permeabilization of the cells were performed 
according to the manufacturer’s guideline (eBio-
sciences, USA). The cells were then subjected to 
intracellular staining with PE/cyanine 5 (PE/Cy5) 
anti-human FoxP3 or isotype-matched control  
antibodies (eBiosciences, USA) for 30 min at 4°C. 
The stained cells were washed with PBS and 

centrifuged at 200×g for 5 min at room temperture. 
The percentage of the stained cells was measured 
by a FACSCalibur system (Becton Dickinson, 
USA). In this regard, lymphocyte population was 
gated using forward and side scatter in order to 
exclude debris or non-lymphocyte populations 
from the analysis of CD4+ cells. Afterwards, the 
CD4+ cells were gated to determine the percentage 
of CD25+ FoxP3+ cells. The gating strategy was 
carried out using FlowJo software (v10.1; FlowJo, 
USA). In this study, CD4+, CD25+, and FoxP3+ 
cells were considered as Tregs.

Investigation of circulating reactive antibodies 
against human leukocyte antigens

To detect human leukocyte antigen (HLA) anti-
bodies in ESRD patients, panel-reactive anti-
body screening was performed using a 
complement-dependent cytotoxicity assay. 
PBMCs (n = 24) obtained from heparinized 
whole blood of healthy subjects were seeded in 
72-well plates at a density of 3 × 103 cells/well. 
To set the panel-reactive antibody screening up, 
the serum samples were isolated from whole 
blood of ESRD patients and incubated at 63°C 
for 3 min in order to inactivate the complement 
components. Afterwards, the serum samples 
(1 µL) were added to the wells containing 
PBMCs and then incubated at room temperature. 
After 30-min incubation, 5 µL of rabbit comple-
ment (Inno-Train, Germany) was added to each 
well and incubated for 60 min at room tempera-
ture. To fix antibody–antigen complexes, 4 µL of 
formalin was added to the wells containing the 
serum samples, PBMCs, and complement com-
ponents. The cells were then stained with 2 µL of 
eosin Y (Merck, Germany). Subsequently, cell 

Table 2.  The demographic and laboratory characteristics of ESRD and healthy subjects.

Demographic and laboratory 
parameters

ESRD patients with health 
problems (n = 14)

ESRD patients with 
SLE (n = 12)

Healthy subjects 
(n = 10)

Age, year (range of age) 41.7 ± 13.5 (18–67) 48.8 ± 14.4 (29–74) 44.1 ± 4.6 (30–54)
Gender (male/female) 7/7 6/6 5/5
Glomerular filtration rate (GFR) 7.58 ± 0.74 7.66 ± 0.79 98 ± 4.08
Urea 120 ± 2.3 119 ± 3.7 27.25 ± 1.97
Creatinine 8.01 ± 1.02 7.78 ± 1.13 0.92 ± 0.059
Blood urea nitrogen (BUN) 49.49 ± 3.05 49.48 ± 2.86 12.75 ± 0.92
Fasting blood sugar (FBS) 106 ± 37 93 ± 11 88 ± 4

ESRD: end-stage renal disease; SLE: systemic lupus erythematosus.
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death and cell viability were measured using an 
invert microscope (Wilovert, Leitz, USA).

Cytokine assay

To study the possible effect of Tregs on the cytokine 
profile of ESRD patients, circulating Treg percent-
age was determined in healthy subjects and ESRD 
patients with low and normal Treg. The values of 
Treg in the patients were used as criteria to define the 
normal and low Treg groups. The patients with the 
values of Treg less than the median of the healthy 
subjects were considered as ESRD patients with low 
Treg, while the patients with the values of Tregs 
higher than the median of the healthy subjects served 
as ESRD patients with normal Treg. Afterwards, the 
serum samples were obtained from whole blood of 
participants, and the levels of IL-17A, tumor necro-
sis factor-alpha (TNF-α), interferon-gamma (IFN-
γ), IL-4, TGF-β1, and IL-10 were measured using an 
enzyme-linked immunoasorbent assay (ELISA) kit 
(Mabtech, Sweden) according to the manufacturer’s 
instructions.

Statistical analysis

Data analysis was performed by GraphPad Prism 6 
(GraphPad Software, USA). The results are 
expressed as mean ± standard error of mean (SEM). 
The groups with normal distribution were com-
pared using one-way analysis of variance (ANOVA) 
and unpaired t-tests, while Mann–Whitney and 
Kruskal–Wallis tests were used to compare the 
groups with non-normal distribution. Pearson’s test 
was used to determine the correlation coefficients 
of the data with normal distribution and Spearman’s 

test in the case of non-normal distribution. P value 
<0.05 was considered statistically significant.

Results

Description of subjects

A total of 26 ESRD subjects (mean age of 
45 ± 14.15, mean ± standard deviation, aged 18–
74 years) participated in the study. The most com-
mon clinical manifestations among ESRD patients 
were high blood pressure (hypertension) and 
lupus nephritis (Table 3). Of the 26 ESRD patients, 
12 had SLE, while 14 did not (Table 3). All ESRD 
patients with SLE had lupus nephritis (type VI; 
Table 3). Of the 12 ESRD patients with health 
problems, 10 had hypertension, 1 had diabetes, 
nephritic syndrome, Alport syndrome, and recur-
rent respiratory infections (Table 3). Table 3 
depicts the clinical characteristics of ESRD 
subjects.

The frequency of circulating Treg in ESRD and 
healthy subjects

To determine the frequency of Tregs in the periph-
eral blood of ESRD and healthy individuals, the 
percentage of circulating Tregs was measured using 
flow cytometry. Our data revealed that Treg num-
ber was significantly lower in ESRD patients with 
SLE than healthy subjects (P < 0.01, Figure 1(b)). 
There was a significant difference in Treg frequency 
between ESRD patients with SLE and the patients 
suffered from health problems (P < 0.01, Figure 
1(b)). As shown in Figure 1(a) and (b), no signifi-
cant difference was observed in the number of 
Tregs between ESRD patients with health problems 
and healthy individuals.

The effect of gender on Treg frequency in 
peripheral blood of ESRD and healthy subjects

Given that previous reports have demonstrated that 
autoimmune diseases are more common in women 
than men,11,12 the effect of gender on the number of 
circulating Treg in ESRD and healthy individuals 
was evaluated. Flow cytometry results indicated 
that all women participated in the study had a 
reduced number of Tregs in peripheral blood com-
pared to men (Figure 2(a)–(f)). Interestingly, ESRD 

Table 3.  The clinical characteristics of ESRD patients with SLE 
or other health problems.

Clinical characteristics ESRD 
patients 
with SLE

ESRD patients 
with health 
problems

SLE 12 0
High blood pressure 
(hypertension)

0 10

Diabetes 0 1
Alport syndrome 0 1
Recurrent respiratory infection 0 1
Nephritic syndrome 0 1

ESRD: end-stage renal disease; SLE: systemic lupus erythematosus.
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women with health problems showed a significant 
reduction in circulating Tregs compared to ESRD 
men with health problems (P < 0.05, Figure 2(b) 
and (e)).

Circulating Treg percentage in ESRD patients 
with and without panel-reactive antibodies

Since Tregs play a fundamental role in regulating 
the immune system and inhibiting production of 
antibodies against different antigens, Treg frequency 

in ESRD patients who had panel-reactive antibodies 
was compared to those who did not have. ESRD 
patients with SLE who were positive for HLA anti-
bodies indicated a significant reduction in the num-
ber of Tregs compared to those did not have HLA 
antibodies (P < 0.05, Figure 3(a) and (c)). Similar to 
ESRD patients with SLE, the patients suffered from 
health problems and HLA antibodies showed a 
decreased frequency of circulating Tregs; however, 
this reduction was not statistically significant 
(Figure 3(b) and (d)).

Figure 1.  The percentage of Tregs in peripheral blood of ESRD and healthy subjects. PBMCs were isolated from whole blood of 
healthy subjects (n = 10) and ESRD patients with SLE (n = 12) or health problems (n = 14). The cells were stained with anti-CD4, 
anti-CD25, and anti-foxP3 antibodies. The frequency of Tregs in PBMCs was determined by flow cytometry (a) and then analyzed 
(b). All data are represented as mean ± SEM. (**P < 0.01).
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Figure 2. (Continued)
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Figure 2.  Sex effect on circulating Treg number in ESRD and healthy subjects. PBMCs from healthy subjects (n = 10) and ESRD 
patients with SLE (n = 12) and health problems (n = 14) were stained with anti-CD4, anti-CD25, and anti-foxP3 antibodies. The 
percentage of Tregs in participants was determined by flow cytometry (a-c) and later analyzed (d-f). The results of Mann-Whitney 
test revealed that the frequency of Tregs was lower in women than men. Each bar in (d-f) shows mean ± SEM. (*P < 0.05).

Blood transfusion effect on the percentage of 
circulating Tregs in ESRD patients

Regarding the fact that some ESRD patients expe-
rienced blood transfusion during hemodialysis, the 
effect of blood transfusion on Treg frequency in 
peripheral blood of ESRD patients was evaluated. 
The results demonstrated that ESRD patients with 
health problems that received blood samples had 
an increased number of Tregs in peripheral blood 
compared to those who did not receive (P < 0.05, 
Figure 4(a) and (c)). However, blood transfusion 
failed to enhance Treg number in ESRD patients 
with SLE (Figure 4(b) and (d)).

The assessment of the cytokine profile of ESRD 
and healthy subjects

The serum levels of TGF-β1, IL-10, IL-4, TNF-α, 
IFN-γ, and IL-17A were measured in ESRD and 
healthy individuals. As shown in Figure 5(a) and 
(b), ESRD patients with low Treg had significant 
reductions in the levels of TGF-β1 and IL-4 com-
pared to healthy individuals (P < 0.0001–0.05), 
while these reductions were not observed in ESRD 
patients with normal Treg (Figure 5(a) and (b)). In 
spite of the changes in the levels of TGF-β1 and 
IL-4, no statistically significant change was 
observed in the IL-10 level in ESRD patients 
(Figure 5(c)). TNF-α and IL-17A levels were 

significantly higher in ESRD patients with low 
Treg than the patients with normal Treg and healthy 
subjects (P < 0.01, Figure 5(d) and (e)). However, 
there was no significant difference in the levels of 
TNF-α and IL-17A between ESRD patients with 
normal Treg and healthy subjects (Figure 5(d) and 
(e)). Unexpectedly, no significant change was 
observed in the IFN-γ level in the peripheral blood 
of ESRD and healthy individuals (Figure 5(f)).

Correlation of Treg number with the 
demographic and laboratory characteristics of 
ESRD patients

To explore the association of Treg frequency with 
the demographic and laboratory parameters of 
ESRD patients, statistical correlation analyses 
were performed. The results of Spearman’s test 
showed a weak positive correlation between the 
number of Tregs and the age of ESRD patients 
(with or without SLE), which was not statistically 
significant (Figure 6(a) and (b)). In contrast, we 
observed that Treg frequency was negatively asso-
ciated with the age of healthy subjects (Figure 6(c), 
P < 0.01, odds ratio (OR) = −0.8565640, 95% con-
fidence interval (CI) = −0.9735954 to −0.3829888). 
Other results of Pearson’s and Spearman’s tests 
revealed that there was no significant association 
between circulating Treg frequency and laboratory 
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Figure 3.  Treg percentage in ESRD patients with and without HLA antibodies. ESRD patients with SLE (n = 12) or health problems 
(n = 14) were divided into two groups according to the presence or absence of panel-reactive antibodies. PBMCs were isolated 
from ESRD patients (with and without HLA antibodies) and stained with anti-CD4, anti-CD25, and anti-foxP3 antibodies. The 
percentage of the stained cell was measured by (a and b) flow cytometry and (c and d) later analyzed. Each bar in (c) and (d) shows 
mean ± SEM (*P < 0.05).
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Figure 4.  The blood transfusion effect on number of circulating Tregs in ESRD patients. Patients with SLE (n = 12) and health 
problems (n = 14) were divided into two groups based on blood sample. The frequency of Tregs in PBMCs of ESRD patients was 
assessed by flow cytometry after staining the cells with anti-CD4, anti-CD25, and anti-foxP3 antibodies (a and b) and then analyzed 
(c and d). The results are shown as mean ± SEM (*P < 0.05).
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parameters including the cytokine profile (IL-17A, 
IL-10, IFN-γ, TNF-α, TGF-β1, and IL-4) of the 
patients, serum levels of blood urea nitrogen 

(BUN), fasting blood sugar (FBS), urea, creatinine, 
and glomerular filtration rate (GFR) in ESRD 
patients.

Figure 5.  Cytokine profile of healthy individuals and ESRD patients with low and normal Treg. The patients were divided into 
two groups including (1) ESRD patients with low Treg which had Treg values less than the median of the control group and (2) 
ESRD patients with normal Treg which had Treg values higher than the median of the control group. (a) TGF-β1, (b) IL-4, (c) IL-10, 
(d) TNF-α, (e) IL-17A, and (f) IFN-γ levels in ESRD (n = 26) and healthy subjects (n = 10) were measured by ELISA. All data are 
represented as mean ± SEM (*P < 0.05, **P < 0.01, ****P < 0.0001).

Figure 6.  Correlation of Treg frequency with the age of ESRD and healthy subjects. (a) and (b) The results of Spearman’s test 
showed a weak positive association between Treg percentage and age of ESRD patients. (c) There was a significant negative 
correlation between Treg number and age of healthy individuals (P < 0.01).
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Discussion

ESRD occurs in people with chronic kidney dis-
ease that patient gradually loses the functions of 
kidney over time.1 Autoimmune disorder is one of 
the identified causes of the disease.13,14 Tregs have 
a crucial role in the maintenance of natural self-
tolerance and prevention of autoimmune disor-
ders.8,9 We therefore focused on determining Treg 
percentage and its effects on the cytokine profile of 
ESRD patients with and without SLE. In addition, 
how Treg frequency is influenced by the blood 
transfusion and sex.

Previous studies have shown that ESRD patients 
display impaired immune responses and have over-
activated but functionally compromised immune 
system.15 Several lines of evidence indicated that 
patients with ESRD had a defect in the function or 
reduction in the number of Tregs.15,16 It is reported 
that large proportion of ESRD patients experience 
a reduced number of circulating Tregs due to 
increase in apoptosis resulting from their continu-
ous activation by uraemic toxins and oxidized  
low-density lipoproteins.15,16,17 However, in our 
knowledge, the difference in the frequency of 
Tregs between ESRD individuals with SLE or 
other health problems has not yet been investi-
gated. Thus, the critical question was whether there 
is a significant difference in Treg number of two 
groups of the patients. The results of this study 
indicated that ESRD patients with SLE experience 
a reduced number of Tregs compared to the patients 
suffered from other health problems and healthy 
subjects. This finding suggests that the reduction in 
the frequency of circulating Tregs may contribute 
to the pathogenesis of ESRD through the break-
down of peripheral tolerance to self-antigens and 
activation of different cells of the immune system 
such as autoreactive B cells, which result in the 
damage of GBM and subsequently loss of func-
tions of kidney at all.

Having considered that one of the functions of 
Tregs is the regulation of antibody production 
against different antigens,18 circulating Treg fre-
quency in ESRD patients with antibody production 
against HLAs was compared with those who did 
not have. Our data demonstrated that the patients 
with panel-reactive antibodies had a significant 
reduction in circulating Tregs compared to those 
who were negative for these antibodies, although 
this reduction in ESRD patients without SLE was 

not statistically significant. These results were 
additional confirmation regarding the reduced 
number of Tregs in patients with ESRD who can 
participate in the pathogenesis of the disease 
through the breakdown of immunological self-tol-
erance and production of antibodies against vari-
ous soluble antigens.

In the next step, the effect of blood transfusion 
on the frequency of Tregs in patients with ESRD 
was evaluated. We found that blood transfusion 
significantly induced the development of Tregs in 
ESRD patients without SLE. This observation is 
consistent with other reports showing that donor-
specific blood transfusion can be considered as a 
useful approach to promote hyporesponsiveness 
and graft acceptance.19,20 Many experimental trans-
plant models have been demonstrated that preop-
erative blood transfusion significantly affects graft 
outcome through affecting Tregs. It is reported that 
pre-exposure to alloantigen can result in the gen-
eration of regulatory cells and enhance alloantigen-
specific immunoregulatory activity of these cells, 
which lead to control the effector arms of the 
immune system.20,21 In contrast to the effect of 
blood transfusion on Treg generation in ESRD 
patients without SLE, our results showed that 
blood transfusion failed to induce Treg production 
in ESRD patients suffered from SLE. The differ-
ence observed in the blood transfusion effect on 
Treg frequency in patients with and without SLE 
provides evidence to indicate that increased num-
ber of Treg in the patients was not derived from the 
blood donor. Therefore, it is likely that ESRD 
patients with SLE had a defect in the generation of 
Tregs. However, further studies and more informa-
tion are required to confirm this finding and clarify 
the molecular mechanisms involved in this possi-
ble defect.

In an attempt to discover the effect of Tregs on 
the cytokine profile of patients with ESRD, the lev-
els of some cytokines which play fundamental role 
in the induction and/or regulation of the immune 
system were investigated. We observed that ESRD 
patients with low Treg showed significant reduc-
tions in the levels of TGF-β1 and IL-4 compared to 
the patients with normal Treg and healthy individu-
als. Although the comparison of cytokine profile of 
ESRD patients with low and normal Treg has not 
been preformed so far, there are some studies show-
ing the levels of different cytokines in ESRD 
patients. In line with notion, Stefoni et al.22 showed 
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that ESRD patients had lower serum values of TGF-
β1 than healthy control group. On the contrary, 
some reports have indicated that hyperexpression 
of TGF-β1 provides a mechanism for the increased 
prevalence of renal failure in African Americans 
(Blacks) compared to Whites.23 Other data of this 
study revealed that TNF-α and IL-17A levels were 
significantly increased in patients with low Treg 
than those with normal Treg and healthy group. In 
agreement with these findings, it has been demon-
strated that many patients with ESRD have the 
increased serum levels of inflammatory cytokines 
including TNF-α, IL-1, and IL-6.24–26 Considering 
the fact that inflammation is a highly common con-
dition among ESRD patients and anti-inflammatory 
mediators may influence the risk for cardiovascular 
events in ESRD patients,27,28 the levels of IL-10 and 
IFN-γ as pro- and anti-inflammatory cytokines, 
respectively, in peripheral blood of patients with 
ESRD were also assessed. We found that ESRD 
patients with low Treg had IL-10 and IFN-γ levels 
similar to ESRD patients with normal Treg and 
healthy control. These findings suggest that inflam-
mation as a prevalent condition in ESRD patients is 
mainly mediated by the stimulation of pro-inflam-
matory cytokines (TNF-α and IL-17A) production 
and inhibition of anti-inflammatory cytokines 
(TGF-β1 and IL-4) secretion of different cells of 
the immune system. However, these data provide 
another evidence to indicate that the reduction in 
Treg number may contribute to the development of 
ESRD through the enhancement of inflammation. 
However, it should be noted that additional studies 
are required to confirm changes observed in the 
production of anti- and pro-inflammatory cytokines 
and determine other possible mediators and/or non-
immunologic mechanisms involved in inflamma-
tion among ESRD patients with low Treg.

Given that previous studies have demonstrated 
that the frequency of circulating Tregs can be 
affected by age,8 we examined whether the demo-
graphic and laboratory parameters influence the 
number of Tregs in peripheral blood of participants. 
Our results revealed that circulating Treg percent-
age was lower in female participants than men. In 
line with this result, we observed that this reduction 
was statistically significant in ESRD women with 
health problems. Numerous studies have provided 
convincing evidence that autoimmune diseases 
such as SLE, MS, RA, and Hashimoto’s thyroiditis 
are more prevalent in women than men.12,29,30 The 

result of this study may explain one of the causes 
why the prevalence of autoimmunity in female is 
more than male.11,12,29,31 The results of Pearson’s 
and Spearman’s tests showed that there was an 
inverse association between Treg number and the 
age of healthy subjects, while this correlation was 
not observed in patients with ESRD. This finding is 
in contrast with our previous studies and other 
reports that showed the frequency of Tregs in 
peripheral blood of patients with MS increases with 
age.8,32 This discrepancy could be attributed to the 
type of subjects used in these studies. Other data of 
this study indicated that Treg percentage was not 
associated with the cytokine profile and the demo-
graphic and laboratory characteristics of patients.

Overall, this study provides evidence to show 
that Treg frequency in ESRD patients with SLE 
significantly differs from the patients without SLE. 
Furthermore, the results revealed that the blood 
transfusion had a potent effect on Treg generation 
in ESRD patients with health problems, unlike 
ESRD patients with SLE. In addition, ESRD 
patients with low Treg showed a shift in the 
cytokine profile from anti-inflammatory toward 
pro-inflammatory cytokines and had the increased 
HLA antibodies in peripheral blood. Although 
these observations suggest that the reduced num-
ber of Treg may contribute to the development of 
ESRD in patients suffering from SLE, a limitation 
of the study was a lack of a control group with SLE 
but no ESRD. Therefore, it should be noted that 
this limitation will be considered to confirm these 
findings in future studies.
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