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Abstract. Background: Chronic kidney
disease stage G5 (CKD GS5) patients show
an activated but impaired immune system.
One function of the FOXP3* regulatory T
(Treg) cells is to preserve tolerance to self
while maintaining the ability to fight infec-
tious agents. The aim of this pilot study is
to evaluate longitudinal changes in Treg cells
before and 1 month after the first dialysis
treatment. Materials and methods: CKD G5
patients not yet on dialysis were enrolled and
started on hemodialysis (HD) or peritoneal
dialysis (PD). Tregs were analyzed by flow
cytometry at two time points: TO (before the
first dialysis treatment) and T1 (1 month af-
ter the first dialysis session). Wilcoxon test
for dependent samples was used to compare
the mean percentage difference between
TO and T1: A% = 100 x [(T1 — TO0) / TO].
Results: 21 patients were enrolled: 8 on
HD and 13 on PD. The proportion of total
lymphocytes (low side scatter lymphocyte
gate) and T lymphocytes (in the CD3*CD4*
gate) did not change significantly 1 month
after the start of dialysis in both groups.
Treg cells (as CD25"FOXP3*, FOXP3", or
CD25*CD127"), analyzed as percentage of
the lymphocyte gate, showed a significant
increase post PD (CD25*FOXP3*: median =
35.92; p=0.0425; FOXP3": median = 30.85;
p = 0.0479 and CD25*CDI127: median =
23.71; p = 0.0215). The same populations,
did not change 1 month after the first dialysis
session. Conclusion: Our study is the first to
evaluate longitudinal effects of dialysis on
Treg cells in uremia and suggests that PD
was more effective in increasing Treg levels
1 month post initiation of dialysis and may
contribute to improvement of inflammatory
status. Thus, PD may contribute to better
outcomes for patients with renal dysfunction,

also maintaining homeostasis of peritoneal
and renal tissues.

Introduction

One of the major challenges of the im-
mune system is to preserve immune toler-
ance to self while maintaining the ability to
fight foreign pathogens and infectious agents
[1]. Several studies have demonstrated that
patients with chronic kidney disease (CKD)
stage G5 who are not on dialysis (CKD G5),
CKD patients stage G5 on dialysis (CKD
G5D), or patients with acute kidney injury
[2] suffer from immune system dysregula-
tion as characterized by immune incompe-
tence and signs of chronic inflammation [3].

Inadequate responsiveness to vaccina-
tion, e.g., hepatitis B, was described in pa-
tients with end-stage renal disease (ESRD)
[4]. These patients are also more susceptible
to viral as well as bacterial infections, which
are the second leading cause of mortality (af-
ter cardiovascular) during renal replacement
therapy [5]. Uremia has also been reported
to influence proinflammatory cytokine levels
[6]. An additional explanation for this state
of immune dysregulation may be the altered
number or impaired function of the regula-
tory T cells (Treg) [7].

Treg cells are a subset of CD4 T cells that
highly express the high-affinity IL-2 receptor
o (CD25) and the lineage-defining transcrip-
tion factor forkhead box P3 (FOXP3) with
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Table 1. Patient characteristics.

PD HD

Patients (F : M) 13(2:11) 8(1:7)
Mean age 67 68
Hypertension 13 (100%) 8 (100%)
Diabetes 6 (46%) 6 (75%)
Cause of CKD

Nephropathy 4 (31%) 1(12%)

Genetic 2 (15%) 1(12%)

Secondary 7 (54%) 6 (75%)
Comorbidities (vasculopathy)

Cerebral 0 4 (50%)

Cardiac 4 (31%) 5 (62%)

Peripheral 3 (23%) 3 (37%)

low or absent expression of CD127 [8]. In
addition to their widely known function to
inhibit the activation of CD4 and CD8 T cells
and antigen presenting cells, Treg cells also
inhibit innate immune cells such as mono-
cytes/macrophages and neutrophils [9, 10].
Treg cells constitute a natural anti-inflamma-
tory mechanism, and thus their modulation
may be a key determinant of the immune sta-
tus in acute and chronic kidney diseases [11].
Further, modulation of Treg numbers up or
down leads to resistance or increased suscep-
tibility to kidney injury, respectively [12].

T helper (Th) dysregulation is strongly
associated with long term uremia especially
in patients displaying cardiovascular compli-
cations [13]. Renal replacement therapy has
been shown to influence this dysregulation
as compared to healthy controls [14].

While immune defects are well described,
it is still not clear whether the type of dialysis
modality (hemodialysis (HD) versus perito-
neal dialysis (PD)) differentially affects im-
munocompetence [15]. The majority of pub-
lished studies have compared patients with
healthy controls. The aim of this pilot study
is to evaluate the longitudinal changes in the
number of Treg cells before and 1 month af-
ter the first dialysis session. We focused on
the impact of HD and PD on the circulating
levels of Tregs in patients.

Materials and methods

Ethics committee approval

The study was conducted in compliance
with the Declaration of Helsinki. All partici-

pants gave informed written consent, and the
study protocol was approved by of San Bortolo
Hospital of Vicenza Ethics Committee, chair-
person Francesco Salsa, Vicenza, Italy (Experi-
mentation N.58/14) on December 29, 2014.

Study population

From February 2015 to February 2016,
a cross-sectional pilot study was conducted
in International Renal Research Institute of
Vicenza (IRRIV) with the aim to evaluate the
influence of dialysis treatment (HD or PD)
on Treg cells. Peripheral blood samples were
obtained from CKD G5 patients (Table 1)
who were not yet on dialysis (¢GFR <15 mL/
min/1.73m?2). Patients who needed continu-
ous renal replacement therapy (CRRT) in the
previous 3 months, had received a transplant,
had an autoimmune diseases, lymphoma,
or leukemia, were on immunosuppressive
drugs, had undergone thymectomy, had im-
mune deficiency or myasthenic diseases
were not included in the study. Personal and
treatment data were also recorded. The blood
samples were drawn at the time of admis-
sion, before starting dialysis; this time point
was called TO. The patients were on regular
PD or HD for 1 month and the blood samples
were drawn again 1 month after the start of
dialysis, just before dialysis was started on
that day; this time point was termed T1.

Isolation of peripheral blood
lymphocytes

Peripheral blood mononuclear cells
(PBMC) were freshly isolated from 49 mL
of heparinized peripheral blood by density
gradient centrifugation using Ficoll-Paque
PLUS (GE Healthcare, Chicago, IL, USA).
PBMC were collected from the interphase,
washed twice in PBS (1x) and resuspended
in complete medium (RPMI 1640 Medium,
GlutaMAX Supplement (supplemented with
L-alanyl-L-glutamine  dipeptide (Gibco,
ThermoFisher Scientific, Waltham, MA,
USA), 100 TU/mL penicillin, 100 pg/mL
streptomycin (Penicillin-Streptomycin, Sig-
ma Aldrich, St. Louis, MO, USA), and 10%
pooled human serum (Human Serum Type
AB male, EuroClone, Milan, Italy). An ali-



FS-A CFSITLN

25408 WT LN

Effect of RRT on circulating Tregs

39

Comp-fLS-A: al?§ pe?

“iCD127°CD25+

Corg-FL2-A:cdl27 pe

Fi-H :FSINTLIN

Comp-FLG-A.:: kocpl ape

a
3
g

i

Camp-FLé-A = ] parca

Foxp3+
: : D25
> " kp25in
; CD25%

Conep-FLE-A: cd2§ pc?

CD25*Foxp3+

G

Figure 1.

quot containing 0.5 to 1 million PBMC was
frozen in RPMI 20% human serum, 10%
DMSO (Sigma Aldrich) at —80 °C.

Flow cytometry analysis

Cytometric analysis was performed ac-
cording to standard procedures, and samples
were acquired on a Navios Flow Cytometer
(Beckman Coulter, Brea, CA, USA) fol-
lowed by data analysis using Kaluza Flow
Cytometry Analysis Software (Beckman
Coulter) and FlowJo™ (FlowJo Inc., BD,
Franklin, NJ, USA). Cryopreserved PBMCs
were thawed and analyzed as follows: A total
of 0.5 — 1 million PBMC in 100 pL of com-
plete medium were incubated for 30 minutes
at room temperature with 5 pL anti-human
CD3-PerCP (BioLegend, San Jose, CA,
USA), 5 pL anti-human CD4-FITC (BioLe-
gend), 5 puL anti-human CD25-PECy7 (Bio-
Legend), and 20 pL anti-human CD127-PE
(Beckman Coulter) antibodies. After wash-
ing with 1X PBS, cells were incubated over
night at 4 °C with the 1x FIX/PERM buffer

Gating strategy for analysis of peripheral blood Treg cells.

of the internalization kit (eBioscience, Ther-
mofisher) following manufacturer’s instruc-
tions. The next day, cells were washed and
then incubated for 30 minutes at 4 °C with
5 pL of anti-human FOXP3-APC antibody
(eBioscience). After washing with the wash-
ing buffer, the PBMCs were analyzed with
FACS, with at least 20,000 lymphocyte-gated
events acquired for each sample. Mean fluo-
rescence intensity (MFI) was determined us-
ing the geometric mean value of the respec-
tive marker antibody. The cell populations
were analyzed either as % of CD3*CD4* (T
lymphocytes) or as % of lymphocytes in the
live side scatter low gate (Figure 1).

Statistics

Continuous variables were expressed
as median and interquartile range (IQR) or
mean + standard deviation (SD) according to
their distribution. The categorical variables
were described as proportions. To compare
the different populations, we considered
the “delta” of value between the final value
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Table 2. Tabulated results of flow cytometry analysis in the peripheral blood of peritoneal dialysis and hemodialysis patients. The
proportions of various Treg subsets were analyzed in three different ways as CD25'FOXP3*, CD127'°CD25*, and FOXP3"* (further
divided into CD25M, CD25™, and CD25'° subpopulations) in the CD3*CD4* population as % of lymphocyte gate as shown in Figure 1.
The change in the Treg proportion (A%), calculated as described in the Materials and Methods section is displayed.

Variable N | Mean | Std Dev | Minimum | Maximum | Median | Lower quartile | Upper quartile | p-value
CD25'FOXP3* 13 | 61.23 104.67 —64.15 335.29 35.92 4.1 85.29 0.0425
CD127°CD25* 13 | 49.14 107.22 -39.91 393.33 23.71 10.94 46.04 0.0215
a | FOXP3* 13 | 58.29 101.01 —60.00 306.67 30.85 1.35 82.14 0.0479
" & | FoxP3*cD25" | 13 | 76.23 116.15 —65.56 382.35 53.85 16.13 128.26 0.0215
5‘;" FOXP3*CD25™ | 13 | 56.24 109.46 —66.84 339.56 23.81 -8.78 66.67 0.1465
_§ FOXP3*CD25~ 13 | 74.48 161.35 -52.22 525.00 15.38 -32.35 141.18 0.3396
% CD25*FOXP3* 8 | —2.59 30.86 —45.85 36.6 0.07 -28.34 22.54 0.8438
;l? CD127°CD25* 8 3.79 33.83 -50.21 50.39 6.69 -19.98 28.34 0.7422
a |FOXP3* 8 | —2.63 26.98 —43.33 33.33 2.32 -24.02 16.18 0.9453
T | Foxp3*cD25" 8 | 12.94 53.05 —60 123.08 -1.39 -10.17 31.79 0.8125
FOXP3*CD25™ | 8 | —3.47 29.53 -51.27 37.98 3.7 -26.73 15.79 0.8438
FOXP3*CD25~ 8 | —4.92 25.61 —47.22 22.86 1.1 -25 16.42 0.7422
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Figure 2. Changes in the proportions of Treg cells (A%) before dialysis and 1 month after first dialysis in
(a) CD25"CD127-, (b) CD25'FOXP3*, (c) FOXP3*, and (d) CD25" gated on FOXP3* cells populations.

(1 month after the initiation of first dialysis)
—T1 — and the “predialysis” value — T0O. The
percentage was calculated as A% = 100 x
[(T1 —TO) / TO]. Wilcoxon test was applied
to compare the mean A% difference between
TO and T1. A p-value of p <0.05 was consid-
ered significant.

Results

Cohort description

Peripheral blood samples were obtained
from 21 CKD G5 patients (Table 1) not yet
on dialysis. Of them, 8 were started on HD
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(N =18), and 13 were started on PD (N = 13).
The total cohort (8 HD + 13 PD, n = 21) in-
cluded 87.5% males in the HD group and
84.6% males in the PD group. The mean age
was 68 years in the HD group and 67 years
in the PD group. The characteristics of the
participants in the two groups are shown in
Table 1. All patients had hypertension as the
primary or secondary cause. Approximately
75% of HD patients and 46% of PD pa-
tients had diabetes. The cause of CKD was
divided into 3 groups as shown in Table I.
The comorbidities were categorized on the
basis of vasculopathy of different origin and
described as cerebral, cardiac, and periph-
eral vasculopathies. None of the patients
was diagnosed with any infections, nor was
any incidence of peritonitis found in the PD
patients. All PD patients were on continu-
ous ambulatory peritoneal dialysis (CAPD)
treatment; 46.2% used twin-bag Physioneal
40 LPB 5262G (Baxter, Castlebar, Ireland);
53.8% used BicaVera 2536701 (Fresenius
Medical Care, Deutschland GmbH, Bad
Hamburg, Germany). Among the HD pa-
tients, 37.5% had AV fistula; 50% had jugu-
lar catheter, and 12.5% had graft. As for the
HD modality, 62.5% were on bicarbonate
dialysis and 37.5% were on high-flux dialy-
sis (HFD). Although 2 of the 13 PD and 1 of
the 8 HD patients were on antibiotics during
enrolment, the drug course ended before the
start of the study and none of the patients had
an active infection, peritonitis, or received
antibiotic treatment during the course of the
study.

Lymphocyte proportions
in HD and PD patients

The proportion of lymphocytes (gated on
forward scatter (FSC) vs. side scatter (SSC)
(Figure 1) and T lymphocytes (analyzed as
CD4*CD3* in the lymphocytes gate; data
not shown) did not change before and after
the dialysis treatment (as evaluated 1 month
after the start of dialysis) in PD and HD pa-
tients. Similar to the total lymphocytes, we
did not observe any change in the proportion
of CD4" T cells in the peripheral blood of
HD and PD patients during this time period.

PD correlates with an increase in
the proportion of Tregs in gated
lymphocytes

Since literature survey indicates diverse
approaches of evaluating Tregs in the pe-
ripheral blood, we analyzed the proportion
of Tregs in three different ways by analyz-
ing the difference in Treg percentages (A%)
measured before and 1 month after the ini-
tiation of dialysis as (a) CD25"FOXP3" (b)
CD25"CD127-, and (¢) FOXP3* populations
[16] and calculated as A (see Materials and
Methods for details). As shown in Table
2 and Figure 2, we observed a significant
increase in the proportion of Tregs in the
CD3"CD4* gated peripheral blood lympho-
cytes in patients undergoing PD as indicated
by statistically significant changes in the A%
in the Tregs in all three populations. For fur-
ther analysis, we divided the CD4"FOXP3*
cells into CD25'°, CD25it and CD25" sub-
populations. Interestingly, the change was
only observed in the CD25" subpopulation
and not the CD25' and CD25™ subsets. The
same cellular populations did not change
when measured 1 month after the first dialy-
sis session in HD patients (Table 2).

Changes in CD25 expression
in HD vs. PD patients

CD25 also serves as an indicator of cel-
lular activation, therefore, we characterized
CD25 expression on a cell-intrinsic basis
by analyzing the MFI of CD25. The A% in
CD25 MFI after 1 month of HD dialysis
showed a statistically significant increase
in CD25"FOXP3* (median 4.10; 95% CI
3.26 — 25.80; p = 0.0078) population as well
as in the subpopulations of FOXP3™ divided
for CD25, CD25" (median 3.59; 95% CI
0.95 — 19.42; p = 0.0156), a decrease that
did not reach significance in CD25" (median
—4.32; 95% CI -9.09 — 4.69; p = 0.0547)
populations, and no changes in CD25h
population. We found similar results for PD
patients where we observed a statistically
significant increase in CD25 expression in
the subpopulations of CD25'FOXP3* di-
vided into CD25™ (median 4.69; 95% CI
2.58 — 14.52; p = 0.0398) but not in CD-
250 (median —8.51; 95% CI —12.95 — 0.78;
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p = 0.0046) that instead showed a significant
decrease. We did not find significant changes
in CD25 expression in other cell populations
(data not shown).

Changes in FOXP3 expression
between HD vs. PD patients

We also analyzed the MFI of FOXP3
as a change (A%) before and 1 month after
initiation of dialysis. The data shows that in
patients with HD, a statistically significant
decrease in FOXP3 MFI was observed in
the lymphocyte-gated populations (median
—14.14; 95% CI —31.46 — 4.05; p = 0.0234)
and the T lymphocyte-gated populations
(median —16.41; 95% CI -27.45 — 647,
p =0.0391). We did not observe any changes
in FOXP3 MFI in other cell populations.
In PD patients, we observed a statistically
significant decrease in FOXP3 expression
in CD25*FOXP3* (median —2.14; 95% CI
-8.58 — 0; p = 0.0161) and CD25"-gated
subpopulation of FOXP3* cells (median
—-3.59; 95% CI —5.07-2.48; p = 0.0327). No
other significant changes in FOXP3 MFI
were observed in any other cell populations
(data not shown).

Discussion

In this study we analyzed the effect of
the initiation of dialysis treatment on the
same patient longitudinally and compared
the percentage of Treg in the same indi-
vidual before and 1 month after the initia-
tion of dialysis. Interestingly, the outcomes
of PD or HD patients were quite different
in that we observed a positive A% of Treg
over 1 month in PD patients whereas no sta-
tistically significant changes were observed
in HD patients. A possible reason for dif-
ferences in the % change in PD and not in
the HD group could be mobilization of cells
from lymphoid compartments to circulation
for eventual trafficking to the peritoneum to
suppress potential inflammation in the peri-
toneum and elsewhere [17]. Recent experi-
mental studies highlight that mice undergo-
ing ischemia reperfusion surgery had fewer
Tregs in the spleen, and the Treg levels were
increased in the blood and injured kidneys,

indicating Treg mobilization [18]. Although
a greater number of HD patients had diabetes
and there could be multiple other confound-
ing factors, we did not observe a statistically
significant effect and studied the patients lon-
gitudinally to hopefully minimize the effect
of comorbidities on Treg levels.

The higher Treg percentages may con-
tribute to a lower systemic inflammatory
status in these patients. Indeed, it was shown
that an increase in the CD4" cells in the peri-
toneal exudate of PD patients correlated with
improved peritonitis outcomes and may be
linked with the mobilization of lymphocytes
[19]. Another possible explanation for this
difference between PD and HD can be the
higher biocompatibility of the peritoneum as
compared to the HD lines and filter. Studies
have shown that HD leads to an increase of
the proinflammatory monocytes in the circu-
lation [20, 21] as well as an increase in the
granularity of the granulocytes [22]. The ex-
pression of activation markers CD11b and
CD18 was also increased among the leuko-
cytes in patients on HD [21, 22, 23], and it
was suggested that chemical incompatibility
of membranes may be involved in this im-
mune activation [23]. The alteration in the
Treg proportions may be a downstream effect
of these changes in the innate immune cells.

The increase primarily in the CD25M
population and not the CD25!° population of
Tregs is also indicative of actively proliferat-
ing CD25* Tregs [24], which may be ben-
eficial, rather than the CD25" cells, which
have recently been implicated in autoimmu-
nity and inflammatory diseases [25]. We also
considered the level of FOXP3 and CD25
expression on a per-cell basis by measuring
the MFI of FOXP3 and CD25 in Treg cells.
The MFI of CD25 was also significantly in-
creased post dialysis in the CD25™ but not
in the CD25'" populations in the PD patients
or the HD patients, indicating activation of
Tregs. Interestingly, there was a decrease in
the CD25 MFI in both PD and HD patients
in CD25! populations (significant only in
PD patients). We also observed a decrease
in the FOXP3 MFI in the lymphocyte- and
T lymphocyte-gated populations in HD pa-
tients. Kaul et al. [26] demonstrated that
6 weeks after initiation of intermittent HD,
in vitro proliferation indices of T cells were
increased significantly; however, no studies
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on Tregs were presented. Other studies have
indicated alterations in Treg levels in HD
[27], showing both increases [14] as well as
decreases [28]. The majority of these stud-
ies compare patients with healthy controls.
Comparing different groups of patients may
lead to misinterpretation of results due to the
inherent variability in the immune status in
a diverse set of individuals. In our study, we
compared the same patients longitudinally
before and after their initiation of dialysis
and the outcomes are internally controlled
with dialysis being the only variable and a
more defined effect of dialysis on Treg cells.
Alternately, in measuring Tregs 1 month af-
ter dialysis, we may have missed the timeline
for the Treg responses in HD.

Tregs are involved, and are extremely
important, in the maintenance of immune ho-
meostasis [11] and a correct balance of Tregs
and effector T cells being critical with Treg
deficiency contributing to proinflammatory
conditions and too high Tregs reflecting an-
ergy and immune paralysis as observed in
solid tumors [29]. Our data indicates that the
elevated numbers of circulating Tregs after
PD session may be beneficial by contribut-
ing to restore a T helper cell balance, which
has been shown to be disrupted in peritoneal
fluids leading to inflammation, fibrosis, and
peritonitis [30].

Conclusion

In conclusion, our study is the first to
evaluate the effect of PD and HD on the sta-
tus of Treg cells to understand their role in
immune homeostasis. PD was more effective
in increasing Treg levels when analyzed 1
month post initiation of dialysis, which may
contribute to improvement of inflammatory
status. The results strongly imply that dialy-
sis may be beneficial in restoring the Treg
homeostasis as observed with increase in the
activation status indicated by the higher MFI
of CD25 in both PD and HD and an increase
in proportion of Tregs in PD.
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