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BJIMAHUE TOMEOCTATUMECKUX LUTOKUHOB — IL-7
NIL-15 HAT-PENYNI9TOPHbIE KJIETKW IN VITRO

IlleBbipeB /I.B., Roziaos B.A.

DIbHY « Hayuno-uccaedosamenvckuii uHcmumym (GyHOamenmanbHol U KAUHUYECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

Pesiome. Llutokunbl 1L-7 u 1L-15 aBnsioTcss HauboJjiee BaXKHBIMU T'yMOpaJibHBIMU (haKTOpamMu, obdecrie-
YMBAIOIIMMU BOCCTaHOBJICHHE ITyna T-TMM@OIUTOB TTocie TUMMOIICHUN B MPOIECCe TOMEOCTATUICCKOM
nponudepauuu (I'TT). OnHaKO HEU3BECTHO, MOTYT JIU 3TU HIUTOKUHBI 00eCIIeuBaTh FOMEOCTaTUYECKOE MO/ -
nepxaHue u npoaudepainio T-peryasTopHbix KiaeTok (Treg). Takske, yauThIBast CBSI3b MEXKIYy FOMeOoCTaTUu4e-
CcKol TIpomdepanueii 1 pa3BUTHEM ayTOMMMYHHBIX 3a001eBaHUI, THTEPECHO, MOTYT JI TUTOKWHEI ['T1 BBI-
3bIBaTh nepexo Treg-kieTok B Thl7-nmumMdountsl. [ToaTOMY LIE/bI0O JAHHOTO UCCIEeI0BaHUS ObLITIO U3YYUTh
BaussHue rymopanbHbiX (pakTopoB I'TI (IL-7 u IL-15) Ha Treg-kneTku in vitro. B uccienoBaHuM UCIIOJIb30Ba-
Jnachk nepudepudeckast KpoBb 22 3m10poBEIX 1oHOPoB. Ppakimio MHK monyganu neHTpudyruposaHmuem B
rpaarieHTe MIOTHOCTU (pukosa. s CTUMYISIUU Tpoaudepaluu UCIIOIb30BATUCh HUTOKUHBL ['TI — 1L-7
u IL-15, a Takxke komOouHanus IL-2 ¢ antu-CD3-antutenamu. MHTeHCUBHOCTD npoiaudepanuu Treg olie-
HMBAaJIaCh C MOMOIIBIO MPOTOYHOM IUTOMETpUH ¢ ucttonb3oBaHueM CFSE B o61mux kynsrypax MHK mo ¢ge-
"Hotuny CD3*CD4*CD25*FoxP3*, a Takxe B yncToii nomysisiiuu Treg-kiietok CD37"CD41CD257CD127%,
MOJIy4eHHOM C MOMOIIbI0 MMMYHOMArHMUTHOM cenapaiuiu ¢ ucroab3oBaHueM Habopa MACS Treg Isolation
Kit. Takxke BO BpeMsI KyJIbTUBUPOBAHUS OLICHUBAJIACH SKCIIPECCHUsSI OCHOBHOTO TPAHCKPUITIUOHHOTO (hak-
Topa Thl17-numdpountoB — RORyt B CD3*CD4+*CD25"FoxP3*-numdouurtax. beio ooHapyxeHo, yto 1L-7
u IL-15 moryt nogaepxuBath Treg-KJIETKM YMCIEHHO U 110 (PeHOTUITY, TToMIepKrBas skcrnpeccuio FoxP3 B
Treg-knerkax. [Tpu aTom, B oTinure ot HUTOKMHOB I'TI, ctumynsus IL-2 + antu-CD3 nuHaylupoBasa aKc-
npeccuto FoxP3 de novo B CD4* numdoruTax. Takke 0b10 00HapykeHo, 4yTo IL-7 u IL-15 MoryT BhI3bIBaTh
nponudepannio Treg-KJIeTOK, OJHAKO OHA 3HAYUTEJIFHO MEHEee MHTCHCUBHA 110 CPAaBHEHMIO CO CTUMYJISIIIM -
eii IL-2 + antu-CD3. I1pu atoM uutokuHsl I'Tl He o61amanu cnoCOOHOCThIO MHAYLIMPOBATh DKCIIPECCUIO
RORyt kak B Treg kietkax, Tak u B CD4" numdouurtax. Takum odbpa3om, 66110 mokazaHo, uyto IL-7 u IL-15
MOTEeHIIWAIbHO MOTYT YYaCTBOBATh B ITOIep>KaHUM OOIIIETO MyJIa KJIETOK Treg BO BpeMsT TUMMOIIEHIH, KOT-
Ja Bo3dHukaeT aepuuut [L-2, u He unayuupylot akcnpeccuio RORyt. OnHako, Kak 3TU HUTOKWHbBI BIUSIOT
Ha (PyHKILMOHAJIbHYIO aKTUBHOCTb Treg-KJIeTOK, OCTaeTCsl HESICHBIM U TpeOyeT JalbHEeNIINX UCCAeI0BaHUMA.
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Abstract. Cytokines IL-7 and IL-15 are the most important humoral factors providing T-conventional cell
pool reconstitution during homeostatic proliferation caused by lymphopenia. However, whether these cytokines
can provide homeostatic maintenance and proliferation of T-regulatory (Treg) cells is largely unknown.
Considering the association between homeostatic proliferation and the development of autoimmunity, we
decided to investigate the ability of these factors to cause differentiation of Treg-cells into Th17-lymphocytes.
Therefore, the purpose of this study was to investigate the influence of humoral factors of homeostatic
proliferation (IL-7 and IL-15) on Treg-cells in vitro. The study used peripheral blood sampled from 22 healthy
donors. PBMC fraction was isolated by Ficoll density gradient centrifugation. Proliferation was induced by
IL-7, IL-15, and by a combination of IL-2 with anti-CD3-antibodies. The proliferation intensity of Tregs
was evaluated by flow cytometry using CFSE in PBMC cultures by phenotype CD3*CD4*CD25*FoxP3*
and in the previously purified population of CD3*CD4*CD25*CD127"-cells. In this case Treg-cells were
obtained by immunomagnetic separation from PBMCs using a MACS Treg Isolation Kit. Also, the RORyt
expression in CD3*CD4*CD25*FoxP3*-cells was evaluated during cultivation. Here, we have shown that I1L-7
and IL-15 could support Treg-cells by number and phenotype. Also, we revealed that these factors provide
FoxP3 expression in Treg-cells; meanwhile, stimulation with IL-2 + anti-CD3 can also cause induction of
FoxP3 expression de novo in conventional CD4* cells. Also, we have shown that IL-7 and IL-15 can cause
lower-intensity proliferation of Treg-cells in comparison with I1L-2 + anti-CD3. Herewith homeostatic
cytokines didn’t have the ability to induce RORyt expression in both T-regulatory cells and CD4* conventional
T-lymphocytes. Thus, it has been shown that IL-7 and IL-15 can potentially participate in maintaining the
total pool of Treg-cells during lymphopenia, when IL-2 deficiency occurs, without causing the induction of
RORyt expression. However, how homeostatic cytokines affect the functional activity of Treg-cells remains
unclear and requires further investigation.

Keywords: T-regulatory cells, IL-7, IL-15, homeostatic proliferation, RORyt, and FoxP3
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costimulation signals take a part in providing the exp-
ression of FoxP3 in Treg-cells. Taking into account
that CD4"- and CDS8*-lymphocytes are the main

Introduction

T-regulatory (Treg) cells are well known to play
an important role maintaining autotolerance to self-
antigens. Treg-cells have high inhibition potential due
tothe wide spectrum of suppression such as contactand
distant mechanisms. The main factors providing Treg
homeostasis are 1L-2, “tonic” TCR signaling (TCR —
T-cell receptor), and costimulation signals [10]. The
importance of these factors for maintenance of the
Treg population was shown in different animal mo-
dels and in humans [7, 12, 15]. In the last 20 years,
the disturbance in IL-2/IL-2R signaling or lack of
costimulation cues was demonstrated to decrease
Treg-cell functional activity and cause diverse auto-
immune disorders [11]. It is worth noting that the
main transcriptional factor of Treg-cells is FoxP3,
which accounts for Treg-cell suppression activity and
expression of multiple functional molecules driven
by relevant genes [6]. Thus IL-2, TCR signaling, or

producers of IL-2 for Treg-cells, it can be assumed
that deficiency of this cytokine during lymphopenia
due to the lack of cell producers can negatively impact
on the homeostasis of the Treg pool [11]. Indeed,
several studies demonstrate the negative influence
of lymphopenia on the Treg population associated
with the lack of FoxP3 expression and decreased
suppression activity of ex- FoxP3-cells [3, 9]. The lack
of FoxP3 expression in Treg is known to be associated
with differentiation to Th17-lymphocytes due to the
induced RORyt expression [2]. The reconstitution
of the T-cell pool by adoptive transfer prevents the
negative influence of lymphopenia by increasing IL-2
production. The important role of IL-7 and IL-15
in T-cell repopulation during lymphopenia is well
known [1, 5]; however, how these cytokines affect the
homeostasis of the Treg-cell population and whether
they have a potential to support FoxP3 expression
and result in Treg proliferation remains understudied.
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Thus, the goal of this study was to evaluate the
influence of IL-7 and IL-15 on FoxP3 and RORyt
expression and assess their potential to cause Treg-cell
proliferation.

Materials and methods

This study was performed by using peripheral
blood samples collected from 22 apparently healthy
donors aged from 27 to 70 years (49%+13 years).
Peripheral blood mononuclear cells (PBMCs) were
isolated by Ficoll density gradient centrifugation.
Phenotyping of Treg was performed by flow cyto-
metry. All monoclonal antibodies were purchased
from BioLegend (San Diego, CA, USA): CD3 by
PE/Cy7, CD4 by APC/Cy7, CD25 by APC, and
FoxP3 by PE were used for CD3*CD4*CD25*FoxP3*
phenotype; CD3*CD4*CD25*CD127° phenotype:
CD3 by PE/Cy7, CD4 by APC/Cy7, CD25 by PE,
and CD127 by PerCP/Cy5.5. Intracellular staining
was performed by using True-Nuclear Transcription
Factor Buffer Set according to the manufacturer’s
instructions (BioLegend). For evaluation of RORyt
expression, monoclonal antibodies were used (RORyt
by PerCP; R&D, Minneapolis, MN, USA). Isotype
and FMO controls were used for the estimation
of RORyt expression. Treg-cells were pre-stained
by CFSE for the proliferation assay. The CFSE-
stained PBMCs were cultured in 48-well flat-
bottom plates (TPP, Trasadingen, Switzerland) for
4 days by placing 1.5 million cells per ml, and then
CD3*CD4*CD25*FoxP3*-cell  proliferation  was
evaluated by flow cytometry. The CFSE-stained
Treg-cells were also cultured with PBMC in 200 pl
of total volume in a 1-to-1 ratio (30,000 Treg per
30,000 PBMC) for 4 days in round-bottomed
plates. In this case, Treg-cells were obtained by
immunomagnetic separation from PBMCs using a
MACS Treg Isolation Kit (Miltenyi Biotec, Auburn,
CA, USA). The population was isolated to contain
CD3*CD4"CD25"CDI127"°-phenotype (purity was
93+4%). The cell culture was performed in RPMI-
1640 media supplemented with 10% FCS and
antibiotics. Three types of stimulation protocols were
used: IL-2 (100 U/ml; NPK BIOTECH, coupled with
anti-CD3 antibodies (1 pg/ml; Sorbent, Pasadena,
TX, USA), IL-7 (50 U/ml; MyBiosource, San Diego,
CA, USA), and IL-15 (50 U/ml; MyBiosource). The
cells were cultured without stimulation as a negative
control.

Statistical analysis was performed by GraphPad
Prism software (v. 7.03; GraphPad, La Jolla, CA,
USA). Nonparametric methods were applied for des-
criptive statistics (median with interquartile range).
For multiple independent groups, the comparison
was conducted with the Kruskal—Wallis test, while for
multiple dependent groups comparison was performed
by using the Friedman test. Post hoc analysis was

performed by using Dunn’s test. The differences were
considered significant at p < 0.05.

Results and discussion

After cell culture, the percentage of CD25"FoxP3"-
lymphocytes was higher at all stimulation conditions
than in the control stimulation-free setting
(3.5%1.7%), whereas the percentage of Treg-cells
was higher by adding I1L-2 + anti-CD3 (9.7+3.4%) vs
1L-7 (7.942.8%) or 1L-15 (7.7£3.1%). At the same
time, the amount of Treg-cells was lower without
stimulation than in the samples from peripheral blood
before cultivation (6.2+1.5%). This result agrees
with our previous data [8]. To directly evaluate the
influence of homeostatic cytokines — IL-7 and IL-15
on the expression of FoxP3, we assessed the FoxP3
MPFI in Treg-cells at different stimulation conditions
(Figure 1). We revealed a significantly decreased FoxP3
expression in cells without stimulation. Meanwhile,
stimulation with homeostatic cytokines — IL-7 and
IL-15 supported the expression of FoxP3 in Treg-cells.
It should note that the maximal FoxP3 expression was
upon IL-2 + anti-CD3 stimulation, exceeding the
values for peripheral blood.

The significant decrease in the percentage of
CD25*FoxP3*-cellsand FoxP3 MFI expression in the
control cells without stimulation was due to decreased
CD25 (IL-2R) expression in the absence of the key
stimulation factors [4]. Here, stimulation with 1L-7
or IL-15 could similarly support the Treg amount and
FoxP3 expression albeit to a lesser extent than I1L-2 +
anti-CD3, which suggests that the cytokines IL-7 and

6000 , _ :
* g *

40001

FoxP3, MFI
'n

20001 -:ﬁ_ -
0 T T T T T
PB W/O aCD3+IL-2  IL-7 IL-15

Figure 1. MFI of FoxP3 in Treg-cells in various cell culture
conditions. Expression of FoxP3 in Treg-cells significantly
decrease during culture without stimulation. Meanwhile,
stimulation with IL-7 or IL-15 supports FoxP3 expression in
Treg cells even to a lesser extent than IL-2 + anti-CD3

Note. n = 22, data are presented as the median and interquartile range
of 25-75%, the comparison was performed by using the Friedman test,
post hoc analysis — Dunn’s test. MFI, Mean Fluorescent Intensity; PB,
peripheral blood; W/O, without stimulation; aCD3, anti-CD3 antibodies.
* p<0.001

673



Illesuvipes /1. B., Ko3nos B.A.
Shevyrev D.V., Kozlov V.A.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

** _p<0.003
* —p<0.05
,L“ # - Difference from all stimulation
100 —
|:| CD4*-cells,n=10
R 80 B cp25FoxP3*-cells,n=5
2 [ CD25'CD127°cells after
8 magnetic separation, n = 10
= 60
£
©
S 40
=
o
20
#
| |
0 L e |
Control  aCD3*IL-2 IL-7 IL-15

B
— 4 e

3 ;
° 'i
C CFSE CFSE aCD3

= . — + IL-2

L aa1
e .
81 Treg
[
cD127 CFSE

Figure 2. A, the level of proliferation of CD4* and Treg-cells under various culture conditions. IL-2 + anti-CD3 stimulation,
in contrast to effects of IL-7 or IL-15, can induce FoxP3 expression in conventional CD4* T-cells. B, a gating strategy for
CD25*FoxP3*-cells in total PBMC cultures and proliferation of CD4* and CD25*FoxP3*-cells in PBMC cultures.

C, a representative proliferation of Treg-cells obtained by magnetic separation

Note. The data are presented as a median and interquartile range of 25-75%. The comparisonwas performed by using the Kruskal-Wallis test for
unrelated groups and the Friedman test for related groups. The post hoc analysis in both cases used Dunn’s test.
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Figure 3. Percentage of FoxP3*RORyt*-lymphocytes gated on CD25'FoxP3*-cells (A) and the percentage of CD4‘RORyt"-
lymphocytes gated on CD4*-cells (B) in PBMC cultures; n = 5. Homeostatic cytokines — IL-7 and IL-15 caused no induction

of RORyt in Treg and conventional CD4*-lymphocytes in vitro

Note. The data are presented as a median and interquartile range of 25-75%. The comparison used the Kruskal-Wallis test.

IL-15 can potentially support the expression of FoxP3
in Treg-cells in vivo during lymphopenia.

The induction of Treg-lymphocytes from effector
CD4" cells is well known to occur under certain
conditions. Such induced Treg-lymphocytes are not
mainly “true” regulatory T-lymphocytes because they
are prone to lose FoxP3 expression and may diffe-
rentiate into pathogenic Th-17-lymphocytes in some
situations [14]. Thus, it seems important to determine
an underlying mechanism resulting in increased
percentage of CD25"FoxP3*-lymphocytes in PBMC
cultures occurred exposed to these stimulation con-
ditions: i.e., either due to proliferation or indu-
ction. Hence, we compared the proliferation of
CD25"FoxP3*-lymphocytes in PBMC cultures with

the proliferation of previously purified Treg-cells.
Figure 2 shows the data obtained for the proliferation
of CD3*CD4"CD25 FoxP3- effector cells, CD3"
CD4*CD25*FoxP3* Treg-cells in PBMC cultures
and for “pure” CD3*CD4*CD25*CD127"°Treg-lym-
phocytes.

The differences revealed in the proliferation of
Treg-lymphocytes in PBMC cultures from the
proliferation of Treg-cells isolated by magnetic
separation are associated with the induction of de
novo CD25*FoxP3*-lymphocytes from conventional
CD4"T-cells under stimulation by IL-2 combined with
anti-CD3. However, this effect was not observed during
the stimulation with IL-7 and IL-15. Figure 2 shows
that the proliferation of Treg-cells was significantly
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lower than that of CD4* lymphocytes under all
stimulation conditions. Nonetheless, cytokines 1L-7
and IL-15 could induce the proliferation of Treg-
cells, although to a lesser extent, than the stimulation
with IL-2 + anti-CD3, which may be important under
lymphopenia.

In the next step of our study, we tested whether
homeostatic cytokines can induce Treg differentiation
into Th-17-lymphocytes. The analysis of RORyt
expression revealed no increased percentage of
transient FoxP3"RORyt™ and CD4*RORyt*-lym-
phocytes after any culture conditions (Figure 3),
which suggests that the cytokines IL-7 and IL-15
cannot induce in vitro expression of the transcription
factor RORyt, at least in healthy donors.

A significantly higher level of Treg-cell
proliferation under the influence of the IL-2 + anti-
CD3 combination vs IL-7 and IL-15 was detected,
which was expected due to being associated with
the nature of such stimuli. According to some
assumptions, stimulation with anti-CD3 antibodies is
an analog of strong TCR stimulation, while IL-2 is the
pivotal cytokine involved in activating and maintening
Treg pool by accounting for STATS expression [14].
Thus, the data obtained allow us to conclude that
the homeostatic cytokines — IL-7 and IL-15 can ef-
fectively support Treg-lymphocyte quantity and FoxP3
expression at least in vitro. These results are generally
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ciency. However, the lower proliferation of Treg-lym-
phocytes compared to CD4*-lymphocytes may lead
to a delayed recovery of Treg pool and may impair
immune balance under lymphopenia. Herewith, it is
worth noting that humoral factors IL-7 and IL-15 do
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