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Pe3iome. Capkouno3 — 3abojieBaHUE HEYCTAHOBJICHHOW 3TUOJIOTUM, XapaKTepU3ylollleecsl pa3BUTUEM
SMUTETMONTHO-KJIETOYHBIX TpaHyjeM 0e3 HeKpo3a B pa3IMYHbIX opraHaxX. B HacTosiee Bpems BBIIEISIIOT
JIBA OCHOBHBIX KJIMHUYECKUX BapraHTa Ae0l0Ta capKora03a: BApUaHT OCTPOTO,/TIOJJOCTPOTO TEUSHUST CapKO-
unosa (OC, unu cuHapom JIEprpeHa) ¢ 6oJiee GIArONPUSATHBIM MTPOTHO30M, a TakxKe XpoHUYecKast popma
TeueHus capkoungosa (XC, mim «He JIEGrpeH-cuHIAPOM») ¢ BBICOKMM (0K0JI0 20% ) pricKOM pa3BUTHS HUOPO-
3a jierkux. Llenbio nTaHHOTO rcciieoBaHMs ObUTO U3ydyeHNe (heHOTUTTUIECKUX XapaKTEPUCTUK PETYISITOPHBIX
T-nmumbouutos (Treg) meprdeprudecKoit KpoBU GOJIBHBIX C OCTPBIM (n = 11) 1 XpoHndeckuM (n = 46) ne-
GI0TOM CapKOuaI03a, KOHTPOJIEM CITY>KHJIM 00pasiibl Mepudeprnyeckoil KpoBH, TTOJIyYeHHbIE OT 26 YCIOBHO
310pOBBIX T0OpPOBOJIbIIeM. C MCIIOIb30BAaHUEM MHOTOIIBETHOW MPOTOYHOU ITUTOMETPUM OBUIO MMOKa3aHO,
yto nipu OC ypoBeHb T-KJIETOK CHMXAETCS OTHOCUTEIBHOTO TPYMIThl KOHTPOJIsI, a mpu XC yMeHbIIaeT-
cs1 ypoBeHb CD3*CD4* kJieToK Tpu cpaBHeHUU ¢ KOoHTpoJjieM. boisiee Toro, mpu XC Kak OTHOCUTEIbHOE,
Tak abCOJIIOTHOE conepxXaHue Treg B mepudeprnyeckoil KpoBU JOCTOBEPHO HUXKE 3HAYEHU KOHTPOJILHOM
rpymusl (2,83% (2,47; 3,36) npotus 3,33% (2,79; 3,84) npu p = 0,021 u 37 xii/mki (29; 52) npotus 50 ki/
MK (42; 65) ipu p = 0,004 coorBercTBeHHO). OTHOCUTENBbHOE comepxaHue CD39-1O3UTUBHBIX KJIETOK
B paMmKax oGueit nomynsauuu Treg Bospacrtaer ¢ 39,52% (11,55; 46,34) kak ripu xpoHudeckom (1o 51,02%
(38,20; 61,62), p < 0.001), Tak u rmpu octpoM (a0 48,64% (41,46; 63,72), p = 0,007) nebroTe capKoOUI03a.
Ananus skcrnipeccur CD39 u CD73 oCHOBHBIMU CyONOMyasiuusM Treg He BBISBUJ JOCTOBEPHBIX pa3iv-
YUii TTI0 OTHOCUTEJIbHOMY COJEPKaHUIO TTO3UTUBHBIX KJIETOK MEXIy BCEMU TPYTTaMUu B paMKaX «HAUBHBIX»
CD45R0-CD62L") kiretok. Bmecte ¢ Tem ypoeHb CD39* ketok cpenu CD45R0*CD62L*Treg y GOJBHBIX
kak OC, tak u XC goctoBepHo (p < 0,001 u p = 0,004 cOOTBETCTBEHHO) MpEBbILIAT KOHTPOJIbHbIE 3HAUEHUST
(69,66% (61,92; 79,34) u 67,62% (61,92; 79,34), cooTBeTCTBEHHO, TTpoTHB 47,55% (15,74; 65,32)). B cityuae
CD45R0*CD62L Treg, cmocoOHBIX TTOKUIATh KPOBOTOK U MUTPUPOBATh B O4aru BOCMAJICHUS, YBeJIMIeHUE
oTHocuTeabHOro coaepxanus CD39-no3uTtuBHbIX Treg 6bUI0 OTMEYEHO JULb TTpU cpaBHeHUU XC U rpyn-
bl KoHTpous (61,79% (55,12; 73,09) u 57,27% (16,03; 66,98) coorBeTcTBeHHO, Iipu p = 0,006). IToaydeH-
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Hble HAMU Pe3yJIbTaThl yKa3bIBAIOT, YTO MIPU CAPKOUA03€ B LIMPKYJSILIMU yBeanunBaeTcs ypoBeHb CD39  Treg,
COCOOHBIX 3((DEKTUBHO TTONABISITH UMMYHHBIE PEaKIIMU 3a CYET YTWIM3AIMK IpoBocnainuTesibHoro AT®
M MHUIMAIIMY KacKaaa peakinii, TpUBOASAIINX K (POPMUPOBAHUIO IIPOTUBOCITAJIMTETLHOTO aJleHO3MHA.

Karouesnie cnosa: capxoudos, pecyaamophsie T-aumgpoyumot, sxcnpeccus CD39, npomounas yumomempusi, MHO20UBEMHblil AHAAU3

CD39" EXPRESSION BY REGULATORY T CELLS IN
PULMONARY SARCOIDOSIS AND LOFGREN’S SYNDROME
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Abstract. Sarcoidosis is a disorder of unknown etiology characterized by development of necrosis-free
epithelioid cell granulomas in various tissues. There are two main phenotypes of pulmonary sarcoidosis (PS):
Lofgren’s syndrome (LS) is an acute form with favorable outcome, while non-Lofgren’s syndrome (nLS) is a
chronic type of disease that can lead to pulmonary fibrosis in 20% of cases.

Our study was aimed at investigating changes in the main cell-surface differentiation antigens on peripheral
blood regulatory T cells (Tregs) from the patients with first diagnosed PS without treatment (LS, n = 11) and
nLS (n = 46) compared to healthy volunteers (HC, n = 26).

These indexes might be used as immunological markers for predicting severity of this disorder. Flow
cytometry analysis of peripheral blood cell samples demonstrated that the nLS patients had decreased relative
numbers of CD3* cells vs healthy controls, as well as diminished CD3*CD4" cells vs HC and LS patients.
Furthermore, the relative and absolute Treg numbers were also decreased in nLS group vs HC (2.83% (2.47,
3.36) vs 3.33% (2.79; 3.84), p = 0.021), and 37 (29; 52) cells vs 50 (42; 65), p = 0.004, respectively) per one
microliter of peripheral blood. Relative number of CD39-positive Tregs in chronic vs acute sarcoidosis patients
was associated with 51.02% (38.20; 61.62) vs 48.64% (41.46; 63.72) that was significantly (p < 0.001 and
p = 0.007, respectively) higher than in HC (39.52% (11.55; 46.34). We have found that “naive” (CD45R0-
CD62L") Tregs did not significantly differ in percentage of CD39- and CD73-positive cells in all the groups
tested. Moreover, CD45R0*CD62L" Tregs in LS and nLS patients contained significantly more CD39-positive
cells (69.66% (61.92; 79.34) and 67.62% (61.92; 79.34), respectively, compared to 47.55% (15.74; 65.32) in HC
(p <0.001 and p = 0.004, respectively). In case of CD45R0*CD62L Tregs able to exit from the circulation and
migrate to the site of inflammation, an increased percentage of CD39-positive subset was noted only in patients
with chronic sarcoidosis and HC (61.79% (55.12; 73.09) and 57.27% (16.03; 66.98), p = 0.006). Enhanced
CD39 expression on Tregs seems to be related to chronic immune response, so that antigen elimination
becomes impossible due to Treg overactivation, as shown in patients with sarcoidosis and some other chronic
autoimmune and infectious disorders.

Keywords: sarcoidosis, regulatory T cells, CD39 expression, flow cytometry, multi-color immunophenotyping

Introduction

Sarcoidosis is a disorder of unknown etiology
characterized by development of necrosis-free
epithelioid cell granulomas in various tissues [14; 32].
Numerous studies point at cell-mediated immune
reactions mediated by type 1 (Th1) and type 17 (Th17)
T helper cells playing an important role in formation
of sarcoid granuloma (for more detail see [16]
and [22]). Thl cells producing interferon-gamma

(IFNy) display CCR4-CCR6-CXCR3* phenotype,
whereas Thl7 cells mainly produce IL-17A and
express CCR6TCCR4*CXCR3- markers on the
surface [26]. More recently, “non-classical” Th17
cell subset called “Th1/Th17” or “Th17.1” exhibiting
features of both Thl and Th17 cells was described in
human, which also expresses nuclear transcription
factors TBX21 and RORC able to produce IFNy and
IL-17A [30]. Perhaps, a major role in pathogenesis
of sarcoidosis is played solely by these cells able to
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activate simultaneously tissue macrophages as well
as polymorphonuclear leukocytes migrating from
peripheral blood to the site of inflammation [34].

In addition, still it remains unclear what T cell
subset migrating to target organs as well as genetic
predisposition factors are particularly responsible for
beneficial or unfavorable course of sarcoidosis. Some
investigators noted that development of spontaneous
remission in sarcoidosis occurs in 7-20% (or even
more) cases [1, 2, 7]. Moreover, a more favorable
prognosis was associated with Lofgren’s syndrome
or acute or subacute onset of sarcoidosis [7, 13].
Perhaps, various forms of sarcoidosis may develop
due to distinct immunoregulatory mechanisms either
contributing to regression or resulting in chronic
course and fibrogenesis.

Activation of FoxP3* regulatory T cells (Tregs)
represents one of the key mechanisms restraining
overactive immunological reactions. A timely
Treg activation allows to prevent development of
a whole set of immune-mediated pathological
processes [8]. Moreover, it is currently believed that
a sole balance between anti-inflammatory Tregs and
pro-inflammatory Th17 cells plays a crucial role
in restraining inflammatory reactions occurring
within the site of inflammation [28]. Antagonistic
interactions between these two helper T cell subsets
in the circulation, secondary lymphoid organs and
peripheral tissues mainly underlies an efficacy of
immune response and the onset of regenerative
processes under various pathological settings.

Currently, a whole body of evidence have
been gained about origin, phenotypic features,
intracellular signal transduction and suppression
mechanisms related to Tregs. Owing to this, they are
considered as targets for new therapeutic strategies
in autoimmune and allergic disorders as well as in
oncology diseases. Importantly, a number of various
subsets may be distinguished within Treg population,
by describing at least two major subsets differing by
their origin [15]. Firstly, thymus-derived or natural
Tregs are differentiated in the thymus during antigen-
independent stage of T cell maturation, which express
markers of naive peripheral blood CD45R0-CD62L*T
cells. On the other hand, peripheral or inducible
Tregs are generated during antigen-dependent
differentiation in various peripheral lymphoid
tissues. In addition, some investigators [25] refer
CD45R0-Tregs to resting or non-activated regulatory
T cell subset, whereas activated Tregs are defined by
expressing CD45R0 surface marker.

Innate (tissue macrophages, antigen-presenting
cells, NK cells) and adaptive (effector cytotoxic
T cells, helper T cells, B cells) immune cells are
the main targets for Tregs. Various mechanisms are
involved in mediating functions of Tregs including
cell contact-dependent effects via interaction between

Treg receptors and surface proteins on target cells, as
well as cell contact-free effects mediated by soluble
molecules released by regulatory T cells [33]. Surface
CTLA-4 (CD152), neuropilin-1 and LAG-3 (CD223)
on Tregs are able to downregulate expression of co-
stimulatory molecules and major histocompatibility
complex class Il molecules on antigen-presenting
cells that result in controlling magnitude of cell clonal
expansion [19].

It was shown that interaction between galectin-9
on the surface of Treg and TIM-3 (CD366) protein
on effector lymphocyte subset results in induction of
apoptosis in the latter cell type. In addition, apoptosis
of effector T cells may also be mediated via cell
contact-free mechanisms by perforins and granzymes
secreted by Tregs acting on target cells [19]. Tregs
produce anti-inflammatory cytokines such as IL-10,
IL-35, and TGF-B, which mainly target effector
immune cells subsequently resulting in decreased
proliferative potential as well as their differentiation
towards effector subsets, down-modulated production
and secretion of various cytokines. While acting on
antigen-presenting cells, anti-inflammatory cytokines
decrease density of the expressed costimulatory
proteins, efficacy of antigen presentation and cytokine
production necessary for T cell maturation [19].

On the other hand, degradation of pro-
inflammatory extracellular ATP to adenosine that acts
on a broad range of innate and adaptive immune cells
represents another important immunosuppressive
mechanism mediated by Tregs both in lymphoid tissues
and within the site of inflammation [19]. In particular,
two major ectonucleosides CD39 (E-NTPDasel, or
ectonucleoside triphosphate diphosphohydrolase 1)
and CD73 (Ecto-5’NTase, or ecto-5’-nucleotidase)
cleave ATP to ADP, pyrophosphate and AMP, as well
as to adenosine and phosphate, respectively [4, 37].

Clinical and immunological comparisons
performed in patients with various course of
sarcoidosis prior to the onset of immunosuppressive
therapy, analysis of chemokine receptor profile
on peripheral blood lymphocyte subsets including
regulatory T cells allow to obtain new data about a
potential role of these cell types played in pathogenesis
of sarcoidosis. Therefore, our study was aimed at
investigating changes in the key surface differentiation
markers on Tregs in peripheral blood from patients
with sarcoidosis prior to immunosuppressive therapy,
which might be used as immunological markers for
predicting severity of this disorder.

Materials and methods

Peripheral blood samples were collected into
vacuum test tubes added with K;EDTA. All patients
provided an informed consent. Manipulations and
assays were performed in accordance with Helsinki
Declaration of the World Medical Association on
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the Ethical Principles of Scientific Medical Research
with Human Participation (1964, with subsequent
additions, including the 2000 version) as well as the
Order No. 266 On Approval of Rules of Good Clinical
Practice in the Russian Federation (dated of June 19,
2003, registered by the Ministry Health of the Russian
Federation).

All laboratory experiments were conducted at the
day collecting blood samples. There were enrolled
11 and 46 patients with acute (Lofgren’s syndrome)
and chronic (non-Lofgren’s syndrome) sarcoidosis,
respectively. A comparison group consisted of 26
age- and sex-matched healthy volunteers. Peripheral
blood samples were prepared for flow cytometry assay
according to recommendations published before [12].
A panel of monoclonal antibodies conjugated to
various fluorochromes was used to identify main T
cell subsets and to examine their CD39 and CD73
surface expression [3]: CD39-FITC (clone Al, cat.
#328206, BiolLegend, Inc., USA), CD25-PE (clone
B1.49.9, cat. #A07774, Beckman Coulter, USA),
CD62L-ECD (clone DREG56, cat. #IM2713U,
Beckman Coulter, USA), CD45R0-PC5.5 (clone
UCHLI1, cat. #IM2712U, Beckman Coulter, USA),
CD4-PC7 (clone SFCI12T4D11 (T4), cat. #737660,
Beckman Coulter, USA), CD8-APC (clone B9.11,
cat. #IM2469, Beckman Coulter, USA), CD3-APC-
Alexa Fluor 750 (clone UCHTI1, cat. #A94680,
Beckman Coulter, USA), CD73-Pacific Blue (clone
AD?2, cat. #344012, BioLegend, Inc., USA), and
CD45-Krome Orange (clone J33, cat. #A96416,
Beckman Coulter, USA). Flow-Count Fluorospheres
(cat. #7547053, Beckman Coulter, USA) were
used to measure absolute counts of the examined
T cell subsets, by recalculating relative percentage
into absolute numbers presented as cell count per 1
uL peripheral blood. Distribution of antibodies in
different fluorescence channels was performed in
accordance with the principles for creating multi-
color flow cytometry panels [11, 23], which were used
to stain 100 pL peripheral blood sample, according
to the manufacturer’s recommendations. Red blood
cells were removed by adding ex fempore prepared
975 uL lysis buffer VersalLyse (cat. #A09777) followed
by adding 25 pL IOTest 3 Fixative Solution (cat.
#A07800). After red blood cells were lysed, samples
were washed out once with excess saline at 330g for
7 minutes followed by decanting supernatant. Then,
cell pellet was resuspended in saline (pH 7.2-7.4)
containing 2% paraformaldehyde (Sigma-Aldrich,
USA). Finally, blood samples were analyzed by using
a flow cytometer Navios™ (Beckman Coulter, USA)
equipped with 405, 488, and 638 nm diode lasers.

To identify major subsets among peripheral blood
T cells, an algorithm earlier described by [29] was
applied. In brief, at least CD45-positive 40,000 singlet
events were analyzed in each sample. After that,

regulatory T cells were identified as CD4+*CD25bight
T cells. Our preliminary data and those published
by others [18] allowed to conclude that a relative
percentage of T cells expressing a transcription
factor FoxP3 within this population was as high as
90-92%, therefore allowing to apply this approach
for identifying Tregs without permeabilization and
subsequent co-staining for nuclear FoxP3 transcription
factor. In addition, Tregs were further evaluated for
surface expression of CD45R0 and CD62L markers
as published before [9, 10]. In particular, naive Tregs
were defined as CD45R0-CD62L*, central memory
(CM) subset — as CD45R0*CD62L", effector
memory (EM) — as CD45R0*, whereas CD45RA-
positive terminally differentiated effector T cells
(TEMRA) — as CD45R0-CD62L- cells. Finally, these
Treg subsets were analyzed for surface expression of
CD39 and CD73 markers [29].

Flow cytometry data were processed by using
software Navios Software v.1.2 and Kaluza™ v. 1.2
(Beckman Coulter, USA). Statistical analysis
was performed by applying software Statistica 8.0
(StatSoft, USA) as well as GraphPad Prism 4.00 for
Windows (GraphPad Prism Software Inc., USA).
A normality of a distribution was checked by using
Pearson’s Chi-square test. The data in the main text
and in Figure notes on percentage of marker-positive
cells out of T cell subset as well as absolute number
per 1 uL of peripheral blood, by showing results as
median and inter-quartile range (25%; 75%). Paired
quantitative comparisons were analyzed by applying a
non-parametric Mann—Whitney U-test.

Results

Flow cytometry analysis of peripheral blood
samples demonstrated that patients with primary
chronic sarcoidosis vs control group had decreased
both relative (70.83% (63.93; 77.26) vs (77.06%
(75.33; 78.52), respectively, p < 0.001) and absolute
numbers (931 (717; 1086) vs 1218 (964; 1758) cells per
1 uL of peripheral blood, respectively, p = 0.010) of
total CD3*T cells. No significant differences between
these parameters were found in patients with acute
sarcoidosis vs control group as well as comparing with
chronic sarcoidosis (p = 0.984 and p = 0.075, as well
asp =0.335 and p = 0.283, respectively).

A percentage of total CD3*CD4*T (Th) cells was
significantly lower in patients with chronic sarcoidosis
(41.66% (34.05; 45.94) out of total lymphocyte
population) compared to both control (48.40 (43.66;
50.77), p < 0.001) group and patients with acute-
onset sarcoidosis (53.57% (43.30; 55.84), p = 0.004).
Moreover, anumber of Th cellsin patients with chronic
sarcoidosis was decreased from 737 (501; 1198) down
to 529 (423; 702) cells per 1 uL (p = 0.006), whereas
in patients with acute sarcoidosis it was (656 (541;
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PucyHok 1. OTHocuTenbHoe (cneBa) u aGconoTHoe (cnpaBa) cofepXaHue perynaTopHbIX T-KNeToK B nepudepuyeckoi

KpOBM GOMNBHbLIX C OCTPLIM M XPOHUYECKUM CapPKOUZ030M

Mpumeyanue. 3peckb U aanee Ha pucyHKax 2-4: KBappaTbl — rPynna yCroBHO 3A0POBLIX AOHOPOB (N = 26); Kpyru — 60NbHbLIE C OCTPOK
¢opmoii capkonposa (n = 11); TpeyronbHUKM — 60NbHBIE C XPOHMYECKOU hopMoii capkouposa (n = 46). PesynbTaTtbl npeAcTaBneHbl
B BUAE MeAnaHbl U MHTEPKBAPTUILHOrO pasmaxa (Q,,5-Q, 7). Pasnnuua mexay cpaBHMBaeMbIMM rpynnamu ykasaHbl COrnacHo

HenapameTpU4eckoMy Kputepmio MaHHa-YUTHH.

Figure 1. Relative (left) and the absolute (right) number of regulatory T cells in peripheral blood from patients with acute (Lofgren’s

Syndromes) and chronic (non-Lofgren’s Syndromes) sarcoidosis

Note. Hereinafter, symbols in Figure 1-4 denote the following groups: squares, healthy control group (n = 26); circles, patients with acute
sarcoidosis (Lofgren’s Syndromes, n = 11); triangles, patients with chronic sarcoidosis (non-Lofgren’s Syndromes, n = 46). The data are presented
as median with interquartile range (Qq ,5-Q, 75). Differences between the groups calculated by nonparametric Mann-Whitney U-tests are shown.

Left: % Tregs out of total lymphocyte count. Right: Abs. number Tregs.

864) cells/uL); however, no significant differences in
both comparison groups were found.

Analysis of the relative and  absolute
CD3*CD4"CD25% Treg cell counts in peripheral
blood is shown in Figure 1. In particular, patients with
chronic sarcoidosis were noted to have lowered Treg
percentage in the total lymphocyte population from
3.33% (2.79; 3.84) to 2.83% (2.47; 3.36, p = 0.021),
which was even more pronounced for absolute counts:
50 (42; 65) vs 37 (29; 52) cells per 1 uL, respectively
(p =0.004).

Assessing expression of ectonucleotidases CD39
and CD73 playing a crucial role in cleaving pro-
inflammatory ATP to anti-inflammatory adenosine [4]
on the surface of circulatory Tregs revealed marked
differences between the groups examined (Figure 2).
A relative percentage of CD39-positive Treg subset
was remarkably higher in patients with sarcoidosis
vs control group. In particular, chronic vs acute
sarcoidosis was associated with 51.02% (38.20;
61.62) vs 48.64% (41.46; 63.72) that was significantly
(p < 0.001 and p = 0.007, respectively) higher than
in control group (39.52% (11.55; 46.34). further
examination demonstrated that relative percentage
of CD73-positive Tregs was decreased only in
patients with chronic sarcoidosis compared to control
group (3.55% (2.11; 4.78) and 4.78% (3.67; 5.91),
respectively, p = 0.011).

Next, experiments were performed by analyzing
surface expression of CD45R0 and CD62L on Tregs

allowing to subdivide them as follows: naive Tregs
bear CD45R0-CD62L*, whereas central memory
(CM) and effector memory (EM) Treg subsets had
phenotype CD45R0*CD62L* and CD45R0*CD62L",
respectively. Frequency and absolute numbers of these
Treg subsets are shown in Figure 3. In particular, it was
found that patients with chronic sarcoidosis vs control
group were characterized by increased percentage of
EM Tregs (13.48% (10.69; 17.97) vs 11.21% (8.07;
13.96), p = 0.026). Upon that, absolute number of
naive and CM Tregs was decreased in patients with
chronic sarcoidosis vs controls (9 (6; 17) vs 15 (11;
24) cells/uL and 21 (17; 26) vs 29 (21; 37) cells/uL,
p=0.007 and p = 0.002, respectively). However, these
parameters did not significantly differ in patients with
acute sarcoidosis vs comparison groups.
Multi-colorflow cytometryallowedtoassesssurface
expression of membrane-bound ectonucleotidases
CD39 and CD73 on various Treg subsets (Figure 4).
It was found that naive Tregs did not significantly
differ in percentage of CD39- and CD73-positive
cells in all examined groups. CD45R0*"CD62L*Tregs
patrolling peripheral lymphoid organs in patients with
acute and chronic sarcoidosis contained significantly
more CD39-positive cells (69.66% (61.92; 79.34)
and 67.62% (61.92; 79.34), respectively, compared
to 47.55% (15.74; 65.32) in control group (p < 0.001
and p = 0.004, respectively). Moreover, the level of
CD73 expression was markedly lower on CM Tregs
in patients with chronic sarcoidosis (as low as 3.07%

471



Kyodpseuyes U.B. u op.
Kudryavtsev 1.V, et al.

Meduyunckas Ummynonoeus
Medical Immunology (Russia)/Meditsinskaya Immunologiya

p <0.001 p=0.011
39 100 28 15
] p=0.007 p=0.731 4 p =0.690 p=0.157
=i o
g3 ° AA A £°
o= 757 ) aas =2 o
Q.g o a O.g 10
638 o ) aavad 58 a
=& 50 oof NG o Al
sAa oo 2A%a sa Ooo o aa
5(;) o 5(;: fu] o a Aaad,
SO aa 53 5
@ 2571 %
&5 2 a, - @ - -
@2 a ° ad ~ 5 050 ° ala
8'_ A 8'_ ° LY Ad
Opoo ab o AA
0 v v 0 .

PucyHok 2. dkcnpeccus Hykneotuaas CD39 (cneBa) n CD73 (cnpaBa) perynstopHbimu T-kneTkamu nepudepruyeckon
KPOBW GONbHbIX C OCTPLIM U XPOHUYECKMM CapKOMA030M

Figure 2. Expression of CD39 (left) and CD73 (right) on peripheral blood regulatory T cells from the patients with acute (Lofgren’s
Syndromes) and chronic (non-Lofgren’s Syndromes) sarcoidosis. Left: %CD39*Treg cells. Right: %CD73'Treg cells
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PucyHok 3. OTHocuTenbHoe (cBepxy) u abconiTHOE (CHM3Y) copepkaHne perynaTopHbix T-KneTok nepudepuyeckon
KPOBU BOMNBHbIX C OCTPLIM U XPOHUYECKUM CapKOUA030M, HaXOAALMXCA Ha Pa3NNYHbIX CTAAUAX CO3PEBAHMA
Mpumeyvanue. BepxHuii psag ructorpamm — OTHOCUTENLHOE CoAepKaHue perynaTopHbix T-kneTok ¢ heHoTunamm CD45R0OCD62L*,
CD45R0*CD62L* n CD45R0O*CD62L cooTBeTCTBEHHO, B pamMKax obwen nonynsaumm Treg. HukHWiA pag ructorpamm — abeontotHoe (kon-
BO knetok B 1 Mkn nepudepuyeckoii kposu) copepxanue T-knetok ¢ heHotunamm CD45R0O-CD62L*, CD45RO*CD62L* 1 CD45RO*CD62L

COOTBETCTBEHHO.
Figure 3. Relative and the absolute number of regulatory T cell subsets in peripheral blood from patients with acute (Lofgren’s
Syndromes) and chronic (non-Lofgren’s Syndromes) sarcoidosis

Note. Upper panel: %CD45RO-CD62L*Treg cells, %CD45R0O*CD62L*Treg cells and %CD45R0O*CD62L Treg cells, respectively. Lower panel: Abs.
number CD45RO-CD62L*Treg cells, Abs. number CD45R0O*CD62L*Treg cells and Abs. number CD45RO*CD62L Treg cells, respectively.

an increased percentage of CD39-positive subset was
noted only in patients with chronic sarcoidosis and
control group (61.79% (55.12; 73.09) and 57.27%
(16.03; 66.98), p = 0.006). Finally, a percentage of
CD73-positive EM Tregs was decreased about by

(1.78; 4.88), whereas in acute sarcoidosis and control
group it was 4.44% (3.13; 6.08) and 4.77% (3.26;
6.28) (p = 0.026 and p = 0.011, respectively). In
case of CD45R0"CD62LTregs able to exit from the
circulation and migrate to the site of inflammation,
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Mpumeyanue. BepxHuii pag ructorpamm — oTHocuTenbHoe coaepkaHne CD39* knetok cpeam Treg ¢ heHotunamm CD45ROCD62L,
CD45R0*CD62L* 1 CD45RO*CD62L cooTBeTCTBEHHO. HXHUI pAg rmcTorpamm — oTHocUTeNnbHoe coaepxanne CD73* kneTok cpeam
Treg ¢ eHoTunamu CD45RO-CD62L*, CD45R0O*CD62L*  CD45R0O*CD62L- cOOTBETCTBEHHO.

Figure 4. Expression of CD39 and CD73 on various subsets of peripheral blood regulatory T cells from the patients with acute
(Lofgren’s Syndromes) and chronic (non-Lofgren’s Syndromes) sarcoidosis

Note. Upper panel: %CD39* out of CD45RO-CD62L*Treg cells, %CD39* out of CD45RO*CD62L*Treg cells and %CD39* out of CD45RO*CD62L-
Treg cells, respectively. Lower panel: %CD73" out of CD45RO-CD62L*Treg cells, %CD73* out of CD45RO*CD62L*Treg cells and %CD73" out of

CD45R0O*CD62L Treg cells, respectively.

2-fold in patients with chronic sarcoidosis vs control
group comprising 2.57% (1.86; 4.98) and 4.80% (3.01;
6.12, p =0.015), respectively.

Discussion

Here, we present the data on investigating
immunological parameters by profiling Tregs subsets
in peripheral blood of patients with newly diagnosed
sarcoidosis prior to applying immunosuppressive
therapy. It allowed to examine signs of naturally
developed immunopathogenesis of sarcoidosis
upon manifestation of acute and primary chronic
forms. Based on aligning immunological parameters
with clinical signs of acute and primary chronic
sarcoidosis, certain patterns were found, which
contribute to better understanding a role of immune
cells played in its pathogenesis. It was shown that
the number of peripheral blood total T cells, helper
T cells as well as Tregs was significantly decreased
in patients with primary chronic sarcoidosis
compared to control group, which is in agreement
with the concept of compartmentalized immune
responses and redistribution of effector immune cells
exiting peripheral circulation and entering site of
inflammation [16, 34].

However, such patterns were not detected upon
acute onset sarcoidosis showing no significant
differences in the number of total T cells, Th and
Treg cell subsets as compared with control group.
Importantly, the data published in various studies
assessing number of Treg cells in peripheral blood
of patients with sarcoidosis are highly controversial.
For instance, Huang et al. observed that percentage
of CD4*CD25"e"FoxP3*T cells was decreased about
by 3-fold in newly diagnozed sarcoidosis compared
to healthy volunteers [20]. On the other hand, it
was also found that the number of circulatory Tregs
was increased in patients with relapsing sarcoidosis
(clinical manifestations or chest X-ray verified
relapse after corticosteroid withdrawal) compared
to patients with stable remission after corticosteroid
withdrawal [21]. On the contrary, percentage of
CD4*CD25Tregs was decreased by 5-fold in
patients with overt sarcoidosis compared to control
group and patients with clinically inactive form [24].
We can speculate that the more pronounced activation
and migration of T cells from peripheral circulation
to the lungs typical to primary chronic vs acute
sarcoidosis most probably might determine severity of
clinical manifestations. On the other hand, perhaps
a more profound lung inflammation during primary
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chronic sarcoidosis elicits a more augmented negative
feedback reaction mediated by regulatory T cells.
Indeed, the data obtained by us evidence that number
of peripheral blood Treg cells was markedly decreased
in patients with chronic sarcoidosis compared to
control group that might point at a crucial role played
by Tregs within the site of inflammation on restraining
hypersensitivity immune reactions given that no such
relationship was found in acute-onset sarcoidosis.

Redistribution of naive, central memory (CM)
and effector memory (EM) regulatory T cells
represents important immunosuppressive mechanism
controlling hypersensitivity immune reactions. It
is known that lung-resident EM regulatory T cells
lose ability to express high amount of CD62L and
display CD45R0*CD62L- phenotype [36]. In turn,
CM CCR7*CD62L"Tregs may migrate to the lungs
followed by down-modulating expression of CCR7
and CD62L markers subsequently resulting in their
transition into EM T cells. We found that number
of naive and CM Treg subsets was much lower in
peripheral blood in patients with chronic sarcoidosis,
whereas the number of EM Tregs was significantly
higher as compared with control group. Moreover,
no such changes were detected in patients with acute-
onset sarcoidosis. Previously, it was found [36] that
effector memory vs naive and central memory T cells
display lower antigen-specific activation threshold,
do not depend on high expression of co-stimulation
molecules on antigen-presenting cells, may be rapidly
activated to a level higher than in naive Tregs. Perhaps,
a more extensive redistribution of Treg subsets from
peripheral circulation to effector immune sites may be
noted in primary chronic sarcoidosis, which, in turn,
underlies lower severity of organismal pathological
processes.

Adenosine exerting marked suppressive effects
on a broad range of innate and adaptive immune
cells is another important and poorly investigated
soluble factor released by Tregs along with anti-
inflammatory cytokines TGF-f and IL-10 [19].
Comparing CD39 expression level on peripheral
blood regulatory T cells showed that percentage of
CD39*Tregs was elevated both in patients with acute-
onset and primary chronic sarcoidosis. Moreover,
such changes were also found both in total and
CD45R0*"CD62L*Treg subset that in chronic course
was further extended to CD45R0*CD62L Tregs
patrolling peripheral lymphoid tissues and migrating
to the site of inflammation, respectively. High CD39
expression level seems to be related to transition to
chronic immune response, so that antigen elimination
becomes impossible due to Treg cell over activation, as
shown in some chronic disorders.

Phenotypic analysis comparing CD39" and
CD39-Tregs in adult donors showed that CD39"Tregs
expressed higher levels of intracellular FoxP3 and

CTLA4 than CD39 Tregs [31]. Analysis of chemokine
receptor expression revealed that a higher percentage
of CD39*Tregs expressed CCR4, CXCR3 and CCR6,
which are involved in the migration of T cells to sites
of inflammation, while CCRS5 was solely expressed
by CD39*Tregs. Upon in vitro activation, TGF-f
anchoring proteins GARP and LAP were expressed at
higher level on CD39*Tregs. These data indicate that
CD39*Tregs exhibit superior suppressive potential
compared to CD39Tregs.

Furthermore, unregulated CD39" expression
on circulatory Tregs was noted in chronic hepatitis
B virus infection [35], but the increased viral load
inversely correlated with the level of serum alanine
aminotransferase. Another clinical study comparing
HIV-infected patients vs control group demonstrated
that both percentage of CD39*Tregs as well as density
of CD39 expression were substantially higher [27].
Furthermore, an increase of these parameters
paralleled elevated viral load and decreased percentage
of peripheral blood CD4*T cells. A marked increase of
circulatory CD39*Tregs was also noted in developing
anti-cancer immune response [5]. In particular,
colorectal cancer patients were shown to have elevated
number of peripheral blood CD39*Tregs and showed a
direct relationship between CD39 expressed on Tregs
and increased mRNA level for adenosine receptor
A2AR in peripheral blood leukocytes isolated from
patients.

It is also worth noting that no significant
differences in the number of thymus-derived
CD39*CD45R0-CD62L"Tregs in peripheral blood
were found. An impaired differentiation of antigen-
specific Tregs in peripheral lymphoid tissues seems
to occur in sarcoidosis. Moreover, both upregulated
CD39 expression on CD45R0*CD62LTregs able to
exit circulation and enter sarcoid granuloma as well
as significantly decreased percentage of CD73*Tregs
able to produce immunosuppressive adenosine were
found in chronic sarcoidosis. Apparently, it may point
at impaired mechanisms underlying emergence of
effector functions in this Treg cell subset. In addition,
it is remarkable that percentage of CD45R0*CD62L-
Tregs in chronic sarcoidosis vs control group
(together with decreased total Treg count and
significantly decreased CD45R0—-CD62L* and
CD45R0"CD62L*Treg subsets) were elevated, and
their absolute numbers were increased up to normal
level. Published data point that CD39*Tregs are able
to infiltrate sarcoid granulomas diffusely located
throughout pathological tissues [17]. Production of
anti-inflammatory adenosine involved in suppression
of hypersensitivity immune reactions seems to be
among the key most common immunosuppressive
mechanisms involved both in acute and chronic
sarcoidosis.
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Our data also confirm the previous
results [37] evidencing about increased number
of CD45R0*CD62L Tregs able to exit peripheral
circulation and migrate to the site of inflammation
as well as an increased percentage of CD39*T cells in
patients with chronic sarcoidosis compared to control
group.

Thus, the our data contribute to better
understanding a whole set of immunoregulation
mechanisms during sarcoidosis. Further dynamic
clinical and immunological examinations as well as
a comparative analysis of the number and functional
properties of the major T cell subsets in peripheral
blood and bronchoalveolar fluid and/or Ilung
biopsy is necessary to unveil intimate and universal
immunopathogenetic mechanisms in sarcoidosis.
Thus, it may be concluded that along with potential
factors of genetic predisposition, or, probably,
owing to genetic factors determining magnitude of
immune response, based on a thorough investigation
of regulatory T cell types and subsets differences
in mechanisms of immune regulation were found
depending on a form of sarcoidosis.

Conclusions

Based upon a concept about compartmentalized
immune response and redistribution of immune cells

from peripheral circulation to the site of inflammation
(here, lung tissues), the following conclusions may be
drawn:

1. Animportant role played by Tregsin the processes
regulating immune response to yet unidentified
antigen(s) in sarcoidosis was uncovered.

2. The majority of peripheral blood Treg markers
of patients with chronic (non-Lofgren’s Syndromes)
sarcoidosis vs control subjects was down-modulated
that may be associated with their redistribution
to the site of inflammation, thereby contributing
to restraining immune-mediated processes in the
lungs and subsequent development of chronic-onset
sarcoidosis.

3. Mechanisms of immunosuppression mediated
by Tregs via cleaving pro-inflammatory extracellular
ATP to anti-inflammatory adenosine acting on a
broad range of innate and adaptive immune cells
represent high importance adaptation mechanisms in
chronic sarcoidosis.

4. Acute-onset sarcoidosis might not be coupled
to a marked activation of the mechanisms restricting
immune-mediated inflammatory responses in the
lung tissue, as the majority of surface markers on
peripheral blood Treg cells did not significantly differ
from those in control subjects.
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