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WAEHTUDOUKALUA Th1-NMOJNAPU3OBAHHbIX KJIETOK Th17:

PELLUEHVE NPOBJIEMbI
Ryxkauna E.M.,, I'ne6ezguua H.C.
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Peswome. T-xemmepsnl, npoxynupyoiiue IL-17 (Th17), o61amaioT BEICOKOM MIaCTUIHOCTBIO: PECTUMYJISI-
Ut TUM@OIIUTOB B BOCHAIMUTEIFHOM OKPYKEHHU CIIOCOOHA MHAYIIMPOBATh MX TpaHC(hOPMAIIMIO B KJICT-
K1 ¢ ApyruM (PEeHOTUTIOM, U HauboJiee YacThIM SIBJISIETCSI CABUT B HarpasieHuu Thl. Pe3ymasraroM Takoit
TpaHchOpPMAaIINU SIBJISISTCS MOSBICHUE KJIETOK, 3KCIIPECCUPYIOIINX Hapsiay ¢ KIIAaCCUYECKUMM MapKepaMu
kinetok Th17 kmoueBble Thl-accoumnpoBaHHbIe MOJIEKYJbI. B Hanbosee ob1Iel hopMe TaKas TTOITYSILIAST
npencrabiieHa CD4*CD161*CCR6"CXCR3*IL-17*IFNy*T-kieTkamMu, 1 B COBPEeMEHHOU JIUTepaType OoHa
yaiie Bcero obo3Havaetrcd Kak Thl7.1. Yacte kinetok Th17.1 MOKeT MOTHOCTBIO YTpauyMBaTh IMPOAYKIIAIO
IL-17, coxpaHsis TIpy 3TOM 3KCIIpeccHto aApyrux Thl7-accoummpoBaHHBIX MOJIEKYJI, — 3TO TaK Ha3bIBaeMbIe
kinetku ex-Th17 (CD4*CD161*CCR6"CXCR3*IL-17-1FNy*T-knerku). Kak cnencrsue, nomyssiuust Thl-
nonsspu3zoBaHHBIX Th17 Bkmtodaet kKieTku Th17.1, ex-Th17 u psiag nomOTHUTETBHBIX TTepeXoaHbIX (hopM. OHa
MMeeT YHUKaTbHbBIe (DYHKIIMOHAITBHBIE CBOMCTBA — ITOBBIIIICHHBIN TTPOBOCTIAIMTEIILHBIN ITOTEHIIMA U CIIO-
COOHOCTB ITPEOa0eBaTh TUCTOreMaTUIeCKe 0apbepbl. UMEHHO 3TUM KJIETKaM B HACTOSIIEEe BPEMSI OTBO-
IUTCS KITIOUeBasl poJib B MaTOTeHEe3¢ MHOTUX ayTOMMMYHHBIX 3a00JIeBaHUiA, a TIpoliecc pearuddepeHITnPOB-
k1 Th17 B Thl paccmaTpuBaeTcsl Kak NepcreKTUBHAs TepareBTuieckas MuiieHb. OaHaKO pa3BUTHUE 3TOTO
HarmpaBJICHUsI OCJIOXHSIET cabasi COMOCTaBUMOCTh JaHHBIX O pa3Mepax Takou momyisiuu. [IpoBeneHHBII
B paMKax HacTosIIeil padboThl aHAJIM3 MeTOoI0B onpenaencHus Thl-nonsipuzoBanHbix Thl7 in vivo u in vitro
TIO3BOJIMJI pa3pelIUTh 3TU IPOTUBOPEUYHS 1 pa3padoTaTh ONTUMAaTbHBIC TTOIXO0IbI K MACHTUMUKAITN JaHHOMN
nonyasuuur. B 6onbmmHcTBe paboT, 0COOEHHO KIIMHNYECKUX, €€ MASHTU(MULIMPYIOT IO KOIKCIIPECCUN KITIO-
yeBbIX HTUTOKMHOB (1L-17/IFNy) miu xeMoknHoBbix perientopoB (CCR6/CXCR3), penko — mo ux KoMou-
Hauuu. [1pu TakoM nonxoae koakcrpeccusi CCR6/CXCR3 mapkupyet o611yio ronyisiunio Thl-1mogo6HbIx
Th17, Bkmouatouryio u Th17.1, u ex-Th17, Torna kak koskcrnpeccust uutTokuHoB [L-17/IFNy nnentuduim-
pyeT kietku Th17.1, a cyononynsuio ex-Th17 B aToM ciydae ommMO0YHO KJIacCUPULIMPYIOT KaK KJTacCU-
yeckure Thl. Takas «<HemooleHKa» cyornonyasiunu ex-1Th17 cyliecTBeHHO 3aHMXKAET Pe3yJIbTaThl, ITIOCKOIBKY
MMEHHO Ha jpoio ex-Thl17 mpuxoanrcss ocHoBHas yacTh Thl-nmogooubix Th17. U Tobko ogHOBpeMeHHAas
OIIeHKa KOIKCIIPEeCCHU IUTOKMHOB U Th17-accoiimmupoBaHHBIX MEMOPAHHBIX MOJICKYJT TTO3BOJISICT MACHTH -
¢dunmposath KjieTku Th17.1 n ex-Th17 oTnenbHO, YTO Ba’KHO YYUTHIBATD TP MHTEPIIPETALIMM JAHHBIX 1O
npobJeMe U MpU TJIaHUPOBAaHUY KJIIMHUYECKUX UCCIICTOBAHMIA.
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Abstract. Helper T cells producing IL-17 (Th17) have high plasticity: restimulation of lymphocytes in an
inflammatory environment can induce their transformation into cells with another phenotype, and a shift
towards Thl is the most common. The result of this transformation is the appearance of cells expressing
along with the classical markers of Th17 cells key Thl-associated molecules. In its most general form, this
population is represented by CD4*CD161"CCR6TCXCR3*IL-17*IFNy*T cells, and in the current literature
it is most often referred to as Th17.1. Some Thl17.1 cells can completely lose the production of IL-17,
while maintaining the expression of other Thl7-associated molecules; these are the so-called ex-Th17 cells
(CD4*CD161"CCR6"CXCR3*IL-17TFNy*T cells). Consequently, the population of Thl-polarized Th17
includes Th17.1, ex-Th17 cells and a number of additional transitional forms. It has unique functional
properties — an increased pro-inflammatory potential and the ability to overcome histohematic barriers. It
is these cells that are currently assigned a key role in the pathogenesis of many autoimmune diseases, and
the process of Th17 redifferentiation into Th1 is considered as a promising therapeutic target. However, the
development of this direction is complicated by the weak comparability of data on the size of such a population.
The analysis of methods for determining Thl-polarized Th17 in vivo and in vitro, carried out in this work,
made it possible to resolve these contradictions and develop optimal approaches to identifying this population.
In most studies, especially clinical ones, it is identified by co-expression of key cytokines (IL-17/IFNy) or
chemokine receptors (CCR6/CXCR3), rarely by their combination. In this approach, co-expression of CCR6/
CXCR3 marks the total population of Th1-like Th17, including both Th17.1 and ex-Th17, while co-expression
of IL-17/IFNy cytokines identifies only Th17.1 cells, and the subpopulation of ex-Th17 is misclassified as
classic Thl in this case. Such “underestimation” of the ex-Th17 subpopulation significantly marks down the
results, since it is ex-Th17 that accounts for the bulk of Thl-like Th17. And only a simultaneous assessment of
the co-expression of cytokines and Th17-associated membrane molecules allows identification Th17.1 and ex-
Th17 cells separately, which is important to consider when interpreting data on the problem and when planning
clinical trials.

Keywords: Th17, redifferentiation, ThI-polarized Th17, IFNy-producing Th17, Th17.1, ex-Thl17
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Introduction

Differentiation of T helper cells producing IL-17
(Th17) is usually initiated upon activation of naive
CD4* T cells in the presence of cytokine combinations
I1L-6/TGF-BorlL-6/1L-1B,andlater IL-23 entersthe
process, providing cell expansion and supporting their
functioning, in particular, the synthesis of IL-17 [11].
Classical Th17 cells express the key transcription
factor RORC, carry specific membrane markers
such as the lectin-like Killer cell receptor CDI161
and the chemokine receptor CCR6, and are capable
of producing their characteristic cytokines 1L-17A,
IL-17F, and IL-22 [9]. However, differentiated Th17
lymphocytes are unstable and can transform into cells
of a different phenotype upon restimulation in a local
cytokine environment. The most common variant of
this transformation is a shift towards Thl, which is

accompanied by the formation of cells that co-express
along with traditional Th17-associated molecules Thl
cell markers — transcription factors STAT4/T-bet,
the chemokine receptor CXCR3, and the key Thl
cytokine IFNy [8, 10, 12].

Normally, the population of IFNy-producing
Th17 is present in trace amounts in peripheral blood,
but its content in infiltrates of inflamed tissues reaches
60% [15], and it is these cells that are currently
assigned a key role in the pathogenesis of many
diseases, including autoimmune ones. Thus, the
presence of IFNy-producing Th17 was found in the
sites of inflammation in sarcoidosis [15], in the CNS
in multiple sclerosis [3, 6, 13], in the synovial tissue of
patients with rheumatoid arthritis [2, 12], in inflamed
tissues of the gastrointestinal tract of patients with
Crohn’s disease [1, 7], and for many pathologies a
direct association with this non-classical T helper
population has been convincingly shown. As a result,
the number and activity of Thl-polarized Th17 cells
are currently considered as promising diagnostic
and/or prognostic markers. However, this is hampered
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by inconsistencies in how this population is defined
and by incomparability of data between studies.

The purpose of this work is to analyze methods
for assessing Thl-polarized Th17 in vivo and in vitro,
and to develop optimal approaches to identify this
population.

Materials and methods

A literature search was performed in the PubMed
database using appropriate keywords, without lan-
guage and publication date limitations. The subject
of interest was generally not a biological effects, but
rather the ways of identification the non-classic T cell
population and comparing its size between studies.

Results and discussion

Contradictions in the data on IFNy-producing
Thl7 are primarily associated, apparently, with a
large number of potential markers of these cells,
and the markers are diverse. As noted earlier, this
population combines the phenotypic and functional
characteristics of both lines, Th17 and Thl, including
the expression of membrane molecules, cytokines,
and key transcription factors, although the latter are
not usually used for identification. In the most general
form, this population is presented in the works as
CD*CD161"CCR6"CXCR3*IL-17*IFNy*T cells [10,
12]. It is called differently in the current literature;
in this paper we will use its most common name,
Th17.1 [2, 14, 15]. However, Th17.1 cells are not the
only variant of Thl-polarized Thl7 lymphocytes:
some of these cells lack the production of IL-17, but
demonstrate the expression of the Thl7-associated
transcription factor RORC and CDI161/CCR6
membrane molecules (CD4"CD161*CCR6"CXCR3"
IL-17-TFNy*T cells) [1, 12]. In the literature, they are
usually referred to as ex-Th17. Most of the available
evidence suggests that Th17.1 and ex-Th17 cells are
not separate subpopulations, but rather different
stages of Thl7 redifferentiation into Thl, during
which classical Th17 first acquire the expression of
Thl-associated molecules, and at the next stage lose
IL-17 synthesis, producing only IFNy, but retaining
other “attributes” of the original population.

A more detailed analysis of data on the Thl7.1
subpopulation shows that in a number of cases,
when these cells are identified only with membrane
molecules, two more chemokine receptors, CCR4
and CCRI10, are added to the line of markers in
order to separate the populations of classical Th17
and Th22, which upon identification using these
membrane markers have the same phenotype
(CCR6"CXCR3~%) but can be differentiated by the
combination of CCR4/CCR10: CCR4 is present in
both populations, while CCR10 is highly expressed
on Th22 cells but absent in Th17 [14]. As a result, the
subpopulation of cells that co-produce IL-17/IFNy
will have the CD4*CD161*CCR6"CCR47/°*CCRI10-
CXCR3* phenotype, in contrast to the classical

Th17 with the CD4*CD161"CCR6T"CCR4*CCRI10-
CXCR3- phenotype [14]. In addition, in ex vivo
studies, Th17.1 and exTh17 cells are usually isolated
from pre-fractionated memory T cells, either central
(CCR7*CD45RA") or effector (CCR7-CD45RA/
CD45R0%).

Of course, this is not the limit of detail; there are
studies in which, along with membrane molecules, a
wide range of intracellular molecules are evaluated,
both at the mRNA and protein levels, however,
in most studies, especially clinical ones, this
subpopulation is identified by key cytokines (1L-17/
IFNy), chemokine receptors (CCR6/CXCR3) or,
very rarely, combinations thereof. Obviously, when
using only CCR6/CXCR3 chemokine receptors as
markers, a general population of Thl-like Thl7 is
identified, including both Th17.1 and ex-Thl7 [2,
3, 13], whereas in the case of detection of Thl-like
Th17 cells by co-expression of IL-17/IFNy cytokines,
we are talking about the Th17.1 subpopulation [1,
4, 12]. It is important to emphasize that the ex-
Th17 subpopulation (IL-17-ITFNy*T cells) is in
this case improperly classified as classic Thl. And
only a simultaneous assessment of the expression
of cytokines (IL-17/IFNy) and Thl7-associated
membrane molecules (CD161 or CCR6) allows us
to identify both the Th17.1 subpopulation (CD4*C
DI161*IL-17"IFNy*T lymphocytes) and the second
the key subpopulation of Thl-like Th17 — ex-Thl17
(CD4*CDI161*IL-17-IFNy'T cells), differentiating it
using CD161 from classical Th1 lymphocytes lacking
this marker (CD4*CD161-1L-17-TFNy*T cells) [10].

Conclusion

The use of CCR6/CXCR3 membrane markers
makes it possible to identify both major subpopulations
of Thl-like Th17 lymphocytes, Th17.1 and ex-Th17,
but does not allow them to be differentiated from each
other. Evaluation of co-expression of IL-17/IFNy
cytokines makes it possible to detect Th17.1 cells, but
not ex-Th17 cells; in this case, they are improperly
attributed to the population of classical [FNy-
producing Th1. Moreover, such an “underestimation”
of the ex-Th17 subpopulation significantly reduces
the informativeness of the results, since it accounts for
the bulk of T lymphocytes co-expressing Th17/Thl-
associated membrane markers CCR6/CXCR3 |5,
15]. Not surprisingly, the size of the study population
varies greatly from study to study. Therefore, when
interpreting and comparing data on Thl-like Th17-
lymphocytes, it is fundamentally important to take
into account the method of their identification, and
when planning work, to give preference to a combined
approach, with simultaneous assessment of cytokines
(IL-17/TFNy) and Thl7-associated membrane
molecules (CDI161 or CCR6), which allows to
determine separately the subpopulations of Th17.1
and ex-Th17.
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