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Background. Regulatory T cells (Tregs) and recent thymic emigrants (RTEs) have an essential role in the regulation of allogeneic
immune responses. However, their mechanisms of action in chronic antibody-mediated rejection (cAMR) are still unclear. In
this study, we aimed to compare Treg and RTE levels between stable graft function (SGF) patients and cAMR subjects after
kidney transplantation. Method. Mononuclear cells (MNs) were separated from peripheral blood, and flow cytometry analysis
was performed for detection of CD4" and CD25M8h 4 Treg markers and CD4", CD31", and CD45RA" as RTE
immunophenotyping markers. Result. The level of peripheral Treg cells was significantly lower in cAMR subjects in comparison
to stable graft function patients. Moreover, SGF patients who had received cyclosporine A had a higher level of Treg in
comparison to the tacrolimus recipients. Nevertheless, the RTE level between SGF and cAMR patients did not show any
significant differences. Conclusion. It seems that Treg cells are significantly associated with transplant outcomes in cAMR
patients, and prescribed immunosuppressive drugs can influence the frequency of this crucial subset of T cells. Although these
drugs are beneficial and inevitable for allograft maintenance, more investigations are needed to elucidate their complete effects
on different immune cell subsets which some of them like Tregs are in favor of transplant tolerance. Besides, the thymic output
is seemingly not a beneficial biomarker for predicting cAMR; however, more in vivo and in vitro studies are needed for
revealing the precise role of Tregs and RTEs in the transplantation context.

1. Introduction

During the advanced level of chronic kidney disease (CKD)
which is called end-stage renal disease (ESRD), the patients
usually need kidney replacement therapies, such as peritoneal
dialysis, hemodialysis, or kidney transplantation. The majority
of individuals who suffer from ESRD choose renal transplan-
tation as an optimal treatment compared to dialysis. In recent

decades, organ transplants have faced various obstacles, such
as surgical restrictions and transplant rejection [1]. Some of
these barriers have been resolved partially or entirely; for
example, from the primary days of organ transplantation,
immunosuppressive drugs have improved continually, which
leads to a decrease in acute graft rejection by 12.2% [2]. How-
ever, chronic allograft rejection is still a serious obstacle
against successful and long-term graft survival so that the


https://orcid.org/0000-0002-5886-3883
https://orcid.org/0000-0003-1767-9315
https://orcid.org/0000-0003-3720-1618
https://orcid.org/0000-0002-3881-9068
https://orcid.org/0000-0002-2900-8095
https://orcid.org/0000-0002-7449-0634
https://orcid.org/0000-0001-5095-1654
https://orcid.org/0000-0002-9764-5969
https://orcid.org/0000-0002-7733-8670
https://orcid.org/0000-0002-7442-2519
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/6627909

10-year survival of kidney transplant recipients falls below
45% and 55% in deceased and living donors, respectively [3].
Furthermore, despite the recent progressions, antibody-
mediated rejection (AMR) is one of the main leading causes
of graft rejection. In this circumstance, antibodies can target
different molecules such as human leukocyte antigens
(HLA), blood group antigens (ABO), and endothelial cells’
antigens. Although the main problems in AMR are caused
by antibodies, T cells also have crucial roles in the generation
and maintenance of memory B cell responses. Nowadays,
chronic antibody-mediated rejection (cAMR) is considered a
significant cause of late allograft dysfunction in kidney trans-
plantation [4].

Regulatory T (Treg) cells are the vital elements of the
immune system which display a regulatory and suppressive
function, and their activity leads to peripheral tolerance, lim-
itation of inflammatory processes, and prevention of autoim-
mune diseases [5]. Due to the prominent role of Tregs in
maintaining tolerance, transplant investigators have focused
on the importance and application of Treg cells in organ
transplantation. Several animal studies have demonstrated
the importance of Tregs in the prevention of allograft rejec-
tion and the induction of graft tolerance. For example, it
has been shown by Torrealba et al. that in the nonhuman pri-
mate model, recruitment of Treg cells to the transplanted
kidney leads to metastable kidney transplant tolerance [6].
Also, Bozulic et al. have shown that Treg is an important
player in the process of graft acceptance in long-term com-
posite tissue allograft acceptors [7]. In clinical research, the
role of these cells has been less understood and most of the
shreds of evidence relied upon correlation studies. For exam-
ple, Taflin et al. investigated the potential role of Tregs in
control of the allogeneic response. They have found that the
recruitment of Tregs during the acute phase of an allogeneic
immune response can reduce the inflammatory processes
and their subsequent graft damages [8]. Also, Bestard et al.
revealed that the presence of Tregs in the biopsy of patients
with subclinical renal allograft rejection could discriminate
innocuous condition from ongoing rejection, and also,
patients who had higher Treg in their allograft showed better
renal function at both 2 and 3 years after transplantation [9].
Moreover, it has been shown that patients with subclinical
rejection (SCR) without Treg have worse 5-year graft func-
tion in comparison to SCR patients who have Treg cells in
their allograft and those patients without SCR [10]. More-
over, some researchers had found that follicular Treg (Tfr)
proportion in both allograft and peripheral blood of cAMR
patients was significantly lower than that of non-cAMR
patients, and also, they figured out that consumption of siro-
limus leads to the reduction of Tfr cell level, but the effect of
cyclosporine A (CsA) and tacrolimus (Tac) on these cells was
not statistically significant [11]. Totally, it seems that Treg
cells have an essential role in allograft acceptance and long-
term graft survival [12, 13].

Furthermore, some studies suggest a correlation between
thymic output and transplant outcome. The thymus is one of
the primary lymphoid organs known as the main place for
maturation, selection of T cells, and production of normal
T cells that are self-tolerant. After puberty, this organ gradu-
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ally starts to involute and its connective tissue is progressively
replaced by fatty tissue. The involution of the thymus causes
the alteration of peripheral T cell subgroup distribution in
such a way that the proportion of naive T cell pool dimin-
ishes and the share of memory T cells increases [14, 15].
Despite the involution and the reduction of thymus cells
and tissues, this organ continues the production of a small
number of T cells in adulthood, and this capacity varies
between individuals. There are several ways for assessing
the thymus activity, such as measuring the thymic mass by
computed tomography (CT) scan, assessing thymic output
by quantification of T cell receptor excision circles (TRECs)
by real-time polymerase chain reaction (PCR), and measur-
ing the frequency of recent thymic emigrants (RTEs) in
peripheral blood by flow cytometry technique [16, 17]. RTEs
are considered as the youngest subgroup of peripheral T cells,
which has distinct function and phenotype characteristics
from other groups of naive T cell pool [18]. Various immu-
nophenotyping markers have been proposed for the charac-
terization of RTEs, but three clusters of differentiation (CD)
markers that have been used frequently in previous studies
are CD4"%, CD31"%, and CD45RA" [19-21]. Several studies
have revealed that specific circumstances lead to reactivation
of the thymus, such as human immunodeficiency virus-
(HIV-) infected patients who suffer from lymphodepletion
after antiretroviral therapy and patients who receive
intensive cytotoxic chemotherapy [22-25].

Recent studies have shown the potential role of the thy-
mus in transplant tolerance [26-28]. Moreover, it has been
shown that the thymic output of heart transplant patients
can be considered as a critical element in the onset of
AMR. Indeed, the proportion of RTEs in heart transplant
patients with AMR has been significantly higher than that
in the patient with cellular rejection or no evidence of rejec-
tion [17]. Another application and importance of the RTE
in organ transplantation had been revealed by the study that
showed the pretransplant measurement of RTE could have
predicted the acute rejection in antithymocyte globulin-
(ATG-) treated patients. In this study, patients with a higher
percentage or absolute number of RTE showed a higher risk
of acute rejection [19].

As most of the studies have investigated the role of Treg
cells during cellular rejection and fewer pieces of evidence
are available about the association of cAMR and Tregs, we
decided to design this study to investigate the association of
Treg cells and RTEs in kidney transplant recipients with
cAMR. Also, to the best of our knowledge, no study has
inquired about the association of RTE and cAMR in kidney
transplanted patients.

2. Methods and Patients

2.1. Study Design. In this study, two groups were included,
the stable graft function subjects (SGF, n =20) and chronic
antibody-mediated rejection patients (cCAMR, n = 28). Both
groups received immunosuppressive regimens including
tacrolimus or cyclosporine, CellCept, and prednisolone.
The SGF patients had no clinical or laboratory symptoms
of graft rejection and cAMR patients had high creatinine



BioMed Research International 3
4 e
1K 4 103
800
=T
b 9
T 600 8
2 —
< 400 8
200
0 e
0 200 400 600 800 1K
FSC-H CD4-FITC
(a)
4
1K 1K 4 10 E
800 “RTE
7 N
>
] O
600 iy
o ; T g CD4'lymphocyte A
w n
<
[a)]
Q
0 200 400 600 800 1K 10° 100 102 100 10* 100 10t
FSC-H CD31-PE

CD4-FITC

(b)

FiGurE 1: Gating strategy for Treg cells and RTE subpopulations. Gating strategy for detection of CD4*CD25™¢" Treg (a). Gating strategy for

detection of CD4", CD31", CD45RA™ RTEs (b).

concentration and low estimated glomerular filtration rate
(eGFR), and patients in both groups had no previous history
of infection at least six months before the sampling. All
cAMR rejections were biopsy-proven. Intravenous immuno-
globulin (IVIg) and rituximab were not used by patients in
both groups. The kidney transplanted patients were recruited
from the kidney transplantation unit of three university hos-
pitals in Tehran. All participants fulfilled informed consent
forms before sampling.

2.2. Cell Isolation. Peripheral blood was collected in tubes
containing ethylenediaminetetraacetic acid (EDTA), and
peripheral blood mononuclear cells (PBMCs) were isolated
by Ficoll Lymphodex (Inno-Train, Germany) based on den-
sity gradient centrifugation and subsequently stored at a lig-
uid nitrogen tank (-196°C) until performing flow cytometry
tests.

2.3. Multicolor Flow Cytometry. The thawing and refresh-
ment procedure of PBMCs was performed by Roswell Park
Memorial Institute (RPMI) 1640 medium (Biosera, USA)
containing 10% FBS (Thermo Fisher Scientific, Gibco,
USA); then, PBMCs were washed by washing buffer and
eventually resuspended in phosphate-buffered saline (PBS).
Suspended cells were stained by fluorochrome-conjugated
antibodies based on their CD markers. Cells were stained
by CD4-FITC, CD31-PE, and CD45RA-PE-CY5 from BioLe-

gend (San Diego, CA) for quantifying the RTE population,
and also, CD4-FITC and CD25-PerCP from BioLegend
(San Diego, CA) were used to quantify the Treg population
(Figure 1). The absolute number of each cell subset was cal-
culated according to the dual-platform method, which is
described by the World Health Organization (WHO) guide-
line, namely, by using complete blood count parameters
obtained at the sampling, and the fraction of each cell subset
was determined by flow cytometry [29].

2.4. Statistical Analysis. Statistical analyses have been done by
Stata 13.0 software (StataCorp 2013; Stata Statistical Soft-
ware: Release 13; College Station, TX: StataCorp LP), and
Prism 6.0.1 (GraphPad Software, La Jolla California USA;
http://www.graphpad.com) was used for graphical presenta-
tion. The Mann-Whitney U test was used for the between-
group difference analysis, and the P value less than 0.05
(P<.05) was considered as statistically significant.
Spearman’s rank correlation test was used for correlation
assessment.

3. Results

3.1. Basic Characteristics of the Study Groups. Table 1 summa-
rizes the demographic and clinical data of the included patients.
SGF patients were under conventional immunosuppressive reg-
imen (tacrolimus or cyclosporine/CellCept/prednisolone) and


http://www.graphpad.com

30.50 [27.20, 34.75]

40.20 [38.55, 46.25]

4 BioMed Research International
TaBLE 1: Demographic and clinical characteristics of the patients.
Variables cAMR group (n =28) SGF group (n =20) P value
41.32 (14.62) 39.15 (10.17)
Age (years) 0.57
40 [30.00, 51.50] 39 [34.00, 41.00]
Sex (women) 9 (32.14) 6 (30.00) 0.88
_ 59.71 (64.39) 62.80 (35.92)
Post-TX time 0.37
39.00 [2.25, 84.00] 60.00 [36.00, 84.00]
71.42 (17.24 73.60 (9.79
Weight (kg) ( ) (9.79) 0.62
72.50 [57.75, 83.25] 74.50 [73.00, 81.50]
121.35 (81.24 115.45 (50.67
FBS (mg/dl) ( ) ( ) 0.81
97.00 [86.50, 114.50] 100.50 [94.00, 116.00]
120.00 (56.72 131.70 (73.11
Triglycerides (mg/dl) ( : ( ) 0.53
110.50 [90.00,145.00] 131.50 [95.00, 145.50]
151.17 (30.12 173.05 (51.29
Cholesterol (mg/dl) ( ) ( ) 0.07
150.00 [131.50, 165.50] 173.00 [151.50, 186.50]
47.54 (16.94 47.00 (17.25
HDL (mg/dl) ( ) ( ) 0.96
47.00 [36.00, 57.50] 47.00 [41.00, 55.50]
82.96 (26.16 87.10 (40.59
LDL (mg/dl) (26.16) (40.59) 0.66
84.00 [70.50, 102.00] 87.00 [62.00, 98.00]
, 136.89 (6.03) 140.63 (3.16)
Sodium (Meq/I) 0.02
136.50 [134.50, 140.50] 141.00 [139.00, 142.00]
. 4.40 (0.84) 4.32 (1.18)
Potassium (Meq/I) 0.79
4.35 [4.00, 4.90] 4.19 [3.80, 4.30]
5.11 (1.69 3.69 (0.90
Phosphorus (mg/dl) (1.69) (0.50) 0.001
4.90 [3.90, 5.80] 3.70 [3.15, 3.84]
8.40 (0.87 9.27 (0.31
Calcium (mg/dl) (0.87) (0.31) <0.001
8.55 [7.75, 9.00] 9.30 [9.15, 9.45]
7.69 (2.61 5.58 (1.51
Uric acid (mg/dl) ( ) ( ) 0.002
7.35 [6.15, 9.15] 5.50 [4.95, 5.85]
83.75 (42.39 41.16 (16.93
Urea (mg/dl) ( ) ( ) <0.001
89.50 [53.00, 108.50] 39.00 [30.00, 48.00]
37.68 (1.88 25.70 (14.41
BUN (mg/dl) (1.88) (14.41) 0.02
41.80 [23.65, 48.48] 23.28 [25.96, 28.60]
. > 21.35 (17.06) 63.17 (16.13)
eGFR (ml/min/1.73 m~) <0.001
13.81 [10.34, 29.36] 63.53 [58.85, 71.97]
441 (2.31 1.31 (0.66
Creatinine (mg/dl) (231) (0.66) <0.001
4.10 [2.55, 6.26] 1.18 [1.07, 1.30]
, 7.44 (3.41) 6.66 (1.20)
WBC (%10°/ul) 0.33
6.30 [5.20, 9.20] 6.60 [5.70, 7.50]
185.03 (86.59 218.20 (60.23
Platelet (% 103/;41) ( ) ( ) 0.15
180.50 [125.00, 229.50] 218.00 [206.00, 263.00]
20.24 (8.34 25.00 (3.99
Lymphocyte (%) (8.34) (3.99) 0.02
21.41 [14.00, 26.00] 25.00 [25.00, 25.00]
9.98 (2.14 13.48 (2.97
Hemoglobin (g/dl) (2.14) (257) <0.001
9.75 [8.15, 11.47] 13.85 [13.50, 15.30]
. 32.02 (7.23) 40.27 (7.42)
Hematocrit (%) <0.001

Scale and nominal variables were depicted as mean (SD) and median [Q1; Q3] and number (percent), respectively. The Mann-Whitney U test was used for the
evaluation of intergroup differences. Abbreviations: cAMR: chronic antibody-mediated rejection; SGF: stable graft function; FBS: fasting blood sugar; HDL:
high-density lipoprotein; LDL: low-density lipoprotein; BUN: blood urine nitrogen; eGFR: estimated glomerular filtration rate; WBC: white blood cell.
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FIGURE 2: Renal function parameters in the study patients. The median of (a) serum creatinine concentration, (b) eGFR, and (c) BUN was
used for kidney function assessment. cCAMR patients displayed impaired kidney function, determined by higher serum creatinine and
BUN levels and lower eGFR. Bar graphs show the median and interquartile range (IQR). Stable graft function (SGF) patients, n = 20;
chronic antibody-mediated rejection (cAMR) group, n=28. Intergroup differences were evaluated with the Mann-Whitney U test

(*P<0.05; **P<0.01).

without any clinical and laboratory indication of graft rejection
(mean creatinine level: 1.31 mg/dl, estimated glomerular filtra-
tion rate (eGFR): 63.18 ml/min/1.73 m?). Eighteen patients of
the SGF group received allograft from deceased donors, and
two received their allograft from living donors. The cAMR
patients had high creatinine concentration (4.41 mg/dl) and
low eGFR level (21.34ml/min/1.73m?) (Figures 2(a)-2(c)).
Also, 23 patients in this group received their transplanted allo-
graft from a deceased donor, and the rest of them received their
allograft from living ones.

3.2. Distribution of T Cell Subsets in the Study Groups. The
cAMR patients showed a remarkable decrease in the percent-
age and the absolute number of total lymphocytes (P =0.03,
Figures 3(a) and 3(b)). But the absolute number and percent-
age of circulating CD4" T cells in SGF subjects were similar
to those in cAMR patients (P = 0.95; P = 0.47, respectively)(-
Figures 3(c) and 3(d)). We used mice anti-human CD4 and
CD25 antibodies as described in Methods and Patients, for
analysis of the Treg cells. The percentage of CD4*CD25"8"
Treg cells was significantly lower in the cAMR patients
(0.13%) than in SGF subjects (0.18%) (P=0.05;
Figure 4(a)). Also, the absolute number of CD4*CD25Meh
Tregs was significantly lower in cAMR patients in compari-

son to SGF subjects (2005.42 vs. 3369.03 cells per cm’ of
blood) (P=0.001; Figure 4(b)). Besides, we assessed the
RTEs by mice anti-human CD4, CD31, and CD45RA anti-
bodies and there was no significant difference in the percent-
age as well as the absolute number of this cell subset between
cAMR and SGF patients (P = 0.96 and P = 0.92, respectively)
(Figures 4(c) and 4(d)).

3.3. Calcineurin Inhibitors Affect the Percentage and the
Absolute Number of CD4*CD25™" Treg Cells. We stratified
the patients according to the types of calcineurin inhibitors
(either Tac or CsA) in their immunosuppressive protocol.
The percentage and absolute number/cm’ of CD4*CD25"e"
Treg and CD4"CD31"CD45RA™ RTE cells were compared
between SGF subjects who received CsA with those who
received Tac and also cAMR patients who received any type
of these medications. The results showed that SGF subjects
that received CsA had a higher percentage and number of
CD4'CD25™¢" Treg cells than those who received Tac
(P=0.04 and P=0.01, respectively), whereas the compari-
son of both Tac and CsA receivers in the cAMR group did
not show any significant difference in the CD4'CD25"¢"
Treg cells (Figures 5(a) and 5(b)). Moreover, both SGF and
cAMR groups in none of the calcineurin inhibitor subsets
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F1Gure 3: Lymphocyte and CD4" T cell quantitative analysis in the study groups. Flow cytometric analysis of peripheral blood mononuclear
cells (PBMCs) from stable graft function (SGF, n = 20) and chronic antibody-mediated rejection (CAMR, n = 28) patients. The percentage and
number of (a, b) lymphocytes and (c, d) CD4™ T cells are displayed as individual values in each group. Intergroup differences were assessed by
the Mann-Whitney U test. Horizontal lines show the median value (*P < 0.05).

did not show any significant difference in the number and
percentage of RTEs (Figures 5(c) and 5(d)).

3.4. Correlation Analysis of Number of CD4*CD25"¢" Treg
Cells and Lymphocytes. A significant low negative correlation
(rho =-0.45, P =0.002) and a significant low positive corre-
lation (rho=0.44, P=0.002) were detected between the
number of CD4*CD25™¢" Treg cells with creatinine and
eGFR, respectively. Moreover, there is a significant moderate
negative (rho =—0.52, P <0.001) and a significant moderate
positive correlation (rho = 0.53, P < 0.001) between the num-
ber of lymphocytes and creatinine concentration and eGFR
level, respectively (Table 2, Figure 6).

4. Discussion

In organ transplantation, allograft rejection is considered the
main obstacle against successful and long-term allograft sur-
vival. Allogeneic immune responses are the major causes of
graft failure. Different immune cells such as B, T, neutrophil,
NK, and dendritic cells are involved in the alloimmune

responses. Nevertheless, the balance between effector and
regulatory immune mechanisms can determine the fate of
the transplanted organ. Treg cells are one of the most impor-
tant regulatory cells which contribute to the control of differ-
ent immune responses and graft tolerance [30]. Several
studies have shown that Treg cells have an efficient role in
long-term graft survival and assessment of peripheral and tis-
sue infiltrated Tregs can be considered as a biomarker of tol-
erance [10, 31]. Several investigations have revealed that the
presence and the frequency of intragraft Treg cells are an
important factor for the prediction of transplant outcome
in addition to immunosuppressive medications [9, 10, 32,
33]. Most of the research has focused on the association of
these cells with both acute and chronic cellular rejection,
but fewer data are available about the assessment of Tregs
in AMR patients, especially cAMR ones. In this study, we
aimed to assess the association of Tregs and RTEs with
cAMR. Our data showed that the absolute number and per-
centage of Tregs were lower in the cAMR patients in compar-
ison to SGF subjects (Figures 4(a) and 4(b)). Also, correlation
analysis showed that patients with a higher number of Treg
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cells and recent thymic emigrant (RTE) cells are displayed as individual values in each study group. The absolute number of each subset was
calculated based on the cell blood count at the sampling time and flow cytometric results according to the dual-platform method (described by
WHO guideline). Intergroup differences were evaluated by the Mann-Whitney U test. Horizontal lines show the median value of each cell

subset (*P < 0.05; **P <0.01).

cells and lymphocytes have better allograft function. The
results display that patients with higher Treg cells have
higher eGFR (Figure 6(b)) and lower serum creatinine
(Figure 6(a)). These data are consistent with previous studies
that suggest the positive role of Treg cells in the maintenance
of kidney graft survival. Although we showed the positive
role of Treg in transplant outcome, the evaluation of their
activity such as cytokine production, direct interaction with
other immune cells, and their plasticity is an important ques-
tion that should be answered in future studies. We found in
our latest study that the mRNA level of TGF-f in cAMR sub-
jects is significantly higher than that in SGF ones, and the
strength of the relationship between TGF-8 mRNA expres-
sion levels and renal function was very strong (Cohen’s d =
1.26). Besides, the TGF- 8 protein level had a moderate rela-
tionship with renal function despite its nonsignificant differ-
ence between cAMR and SGF patients. In the case of IL-10,
there was no significant difference between cAMR and SGF

patients, but the serum level of both cytokines in each group
was significantly higher than healthy subjects [34].

Because of the importance of Tregs in kidney transplan-
tation, it seems necessary to investigate the influence of
immunosuppressive treatment on this group of cells. Certain
immunosuppressive agents can change the distribution, sur-
vival, and function of Tregs [35-37]. There are conflicting
results about the influence of immunosuppressive drugs on
Tregs especially in the case of calcineurin inhibitors (CNIs)
such as CsA and Tac [35, 38]. Some studies have displayed
that CNIs have a negative impact on the suppressive function
of Tregs in allograft recipients [35, 39]. On the other hand,
other studies have revealed that Treg cells of patients who
received CNI are functional [40-42]. The mechanism of
action of CsA is based on suppression of calcineurin-
dependent IL-2 production that is an essential cytokine for
the proliferation of T cells [43]. Some clinical and in vivo
investigations revealed that treatment by CsA can promote
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FIGURE 5: Subgrouping of CD4*CD25"#" (Treg) and CD4*CD31*CD45RA" (RTE) cell percentage based on the type of calcineurin inhibitor
medication. Intergroup differences were evaluated with the Mann-Whitney U test (*P < 0.05). Horizontal lines show the median value of
cells. cAMR: chronic antibody-mediated rejection; SGF: stable graft function; Tac: tacrolimus; CsA: cyclosporine A.

TaBLE 2: Correlation of the number of CD4"CD25"¢" Treg cells and lymphocytes with renal function parameters.

Parameter Number of CD4*CD25"¢" Treg cells Interpretation Number of lymphocytes Interpretation
Creatini p=-0.45 L . i p=—-0.52 Mod , i
reatinine P =0.002 ow negative correlation P <0.001 oderate negative correlation
p=—0.44 » _ p=-0.53 » ‘
eGFR P=0.002 Low positive correlation P <0.001 Moderate positive correlation
p=-0.28 . p=-0.002 »
BUN P=0.05 Trivial P=099 Trivial

eGFR: estimated glomerular filtration rate; BUN: blood urea nitrogen; p: Spearman’s rank correlation coefficient or Spearman’s rho.

the expression of Treg genes like Foxp3 [44, 45]. Also,
another study has shown that patients who received CsA
had a higher level of Tregs in comparison to healthy control
[41]. Moreover, it has displayed that CsA significantly
increases the percentage of Tregs among CD4" cells and it
shows that CsA increases the cross-linking of CD44 and hya-
luronan that can promote Treg cell survival [42]. But the data

about the effect of CNIs on Tregs are controversial and some
other studies suggested the more beneficial impact of Tac on
Treg cells [40, 46]. Our results showed that stable graft func-
tion patients who received CsA have a significantly higher
level of Tregs in comparison to Tac receivers (Figures 5(a)
and 5(b)). But there was no difference between CsA and
Tac receivers in cAMR patients (Figures 5(a) and 5(b)). As



BioMed Research International

10 °
[ ]
8 4
[ ]
= ° ]
o
% 64 %°
hd [ ]
2
— °
=]
g et
&
o °
2 - ° °
P KR
04

0 5000 10000 15000 20000
Number of CD4"CD25* T cells

()

eGFR (ml/min/1.73m?)

T T T T T
0 5000 10000 15000 20000

Number of CD4*CD25* T cells
(b)
100 +

80

BUN (g/dI)

T T T T
0 5000 10000 15000 20000
Number of CD4*CD25"* T cells

(0

FiGure 6: Continued.



10

Cretinine (g/dl)

BioMed Research International

T
2000

T T
4000 6000

0
Number of lymphocytes
(d)
)
&
E
£
E
o,
23
Q
@ e 2 e
S, o000 o
[} [ ]
0
T T T T
0 2000 4000 6000
Number of lymphocytes

(e)

FIGURE 6: Correlation between the number of CD4*CD25M8h

mentioned previously, several studies have shown that CsA
can increase the frequency and the expression of Treg genes
like Foxp3 [41, 42, 44, 45], and our results in the SGF group
were in line with these findings, although both Tac and CsA
had a similar effect on the cAMR group. The difference
between the effect of CsA on Tregs in cAMR patients com-
pared to SGF individuals raises this doubt that Treg cells of
cAMR patients may have an intrinsic defect and CsA cannot
affect their functions and distribution and this issue suggests
that isolation and in vitro study of the different function of
Treg cells can improve our knowledge about the roles of these
cells in the transplant rejection processes. Also, the level of
total lymphocyte in peripheral blood of cAMR patients is less
than that of SGF subjects (Figure 3(a)), which probably can
be attributed to the infiltration of cells to the transplanted
allograft.

Furthermore, recently, some studies have focused on the
thymus function for predicting transplant outcome. RTE
cells are the youngest subgroup of peripheral T cells, which
are used for the assessment of thymic output [47]. Some
studies suggest that thymic output can be a promising tool
for predicting transplant rejection. To the best of our knowl-
edge, this study is the first one that evaluated the level of
RTEs in kidney transplant patients who endure cAMR.
Our result did not show any significant difference between

Treg cells and lymphocytes and renal function parameters.

the RTE level of cAMR patients and SGF individuals
(Figures 4(c) and 4(d)). Also, no significant difference
was seen between the RTE level of CsA receivers and the
patients who have taken Tac, in both cAMR and SGF
groups (Figures 5(c) and 5(d)). As mentioned previously,
RTE assessment in heart transplant patients has been able
to predict the AMR. This controversy between this study
and ours may be attributed to the types of immunosup-
pressive agents that heart transplant patients received.
Moreover, patients in those studies [17, 19] which have
shown the predictive role of RTEs in allograft rejection
had received ATG. As the ATG is the T cell-depleting
agent, it can induce the thymus for production of more
newly generated T cells and this event can affect the bal-
ance of RTEs, but because the patients in our study had
not received ATG, this difference may explain why they
have a different proportion of RTE and no significant
changes have occurred during the process of cAMR.

In conclusion, it seems that Treg cells have crucial roles in
transplant tolerance maintenance along with immunosup-
pressive drugs. Although the thymic output had no signifi-
cant association with the cAMR, possibly due to the low
sample size, more in vivo and in vitro studies are needed with
a larger sample size for understanding the precise role of
RTEs in cAMR kidney transplant patients.
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