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PELLEMTOP XWUPHbIX KNCJ1IOT GPR84 U Th1/Th2-BAJIAHC
B 9KCNEPUMEHTAJIbHOW CUCTEME IN VIVO

Hemuenrxo E.H., I'aspuaora E.JI., I'oiiman E.B., Boabcknit H.H.

DIbHY « Hayuno-uccaedogamenvckuii uHcmumym (GyHOamenmanbHol U KAUHUMECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

Pesiome. B xo/ie MHOTOUMCIEHHBIX UCCAEAOBAHNI, B TOM YUCJIe B Hallleil JabopaTopuu, ObLJIO OOHApY-
KeHo, 9To OamaHc Th1/Th2 urpaeT BaxkHYIO POJIb B PETYJISIIMM peaKIIuii, OTIPEACISIOIINX UCXOI MMMYHO-
MATOJIOTMYCCKUX TIPOIIECCOB KaK B MonesiXx xpoHndeckoir PTIIX, Tak u B Mmomensix octpoit PTIIX. OmHako
JIO CUX MOP OTKPBIT BOIMPOC: OT aKTUBHOCTUA KAaKOT'0 MMEHHO 2JIEMEHTa PeryJIssTOPHOTO Tpoiecca B MOMEHT
unaykuuu PTITX (Hampumep peuentopa win pepMeHTa) 3aBUCUT COOTHOILIIEHUEe 3Toro 6anaHca. CueiaaHo
MpearoNoXkeHe, 4To crereHb aktuBauuu perentopa GPR84 B momenT mHnykumun PTIIX moxer cymie-
ctBeHHO BiusTh HAa Thl/Th2-6anmaHc B opraHu3Me u 6y1arojgapsi 3TOMy OIpeesisieT HalpaBieHe pa3BUTUS
M UHTEHCUBHOCTbD MATOJIOIMYECKOTO Tipoliecca. Llenbro HacTosIIei paboThI SIBJISIOCH U3YIUTh BIMSTHUE JTW -
raHIoB pelenTopa cpeaHelenouyeyHbiX XXKUpHbIX KucjioT GPR84 na 6ananc Th1/Th2 B akcnepuMeHTaIbHOMN
MOJEJIU in Vivo.

B skcrnieprMeHTax GbUTM UCITOIBL30BaHbI caMKHU Mbllei tuauii DBA/2 v ruépunos (C57Bl1/6 x DBA/2)F.
B kauectBe ucciaenyembix auranagoB GPR84 vcnonb3oBaiyu KarmpuHOBYIO U JIJAypUHOBYIO KUCJIOTHI, a TaKXKe
cuHTernuecknit urann 6-OAU. Xponunueckyio PTIIX B nmoaya/utoreHHO#M cucTeMe WHAYLMPOBAIN BBOIS
cruteHOUMTRI Mblireii DBA/2 mbimam-rudpugam B6D2F,: mo 60-70 x 10°kj1eTOK B/B ABYKpPaTHO C MHTEP-
BajsioM B 6 nHeii. [lepBoe BBeaeHue auranagos GPR84 npousBoawin yepes3 yac mocje nepeHoca JOHOPCKUX
KJIETOK M 3aTeM pa3 B CYTKM B Te€UeHUE ABYX Helesb. DhbheKT BO3MEeCTBUS UCCIeNyeMbIX MperapaToB Ha
TeueHue xpoHudeckoii PTTIX olieHuBanu yepe3 Tpu Mecsiia Mmocje Havyajla 9KCIIepuMeHTa.

boi1o mokazaHo, 4To BBeAeHMEe XKMBOTHBIM JiuraHaoB K GPR84 B xome nuaykumm xponndeckoit PTTTX
BJIMSIET HA aKTUBHOCTH perientopa u Ha Thl/Th2-cootHolieHnne B opraHu3me. BBeneHne CUHTETUYECKO-
ro suranaa 6-OAU yBeIWYMIO KOJTUYECTBO KUBOTHBIX, ¥ KOTOPhIX MIMMYHOITATOJOTHYECKHU I MPOLIECC pas-
BuBajics o Thl-3zaBucumMoMy BapuaHTy, TIOYTU B MOJITOpa pas3a Mo CPaBHEHUIO C TPYIIoii Oe3 BBEIAEHUS
JIMTAaHIAa, 9YTO COOTBETCTBOBAJIO JIUTESPATYPHBIM TaHHBIM, ITOJIyICHHBIM B CUCTeME in Vitro. Db deKT cMecu
KaIIpMHOBOU M JIAyPUHOBOM KHMCJIOT, BUAMMO, OTIOCPENYEeTCSI KAKUM-TO UHBIM MEXaHU3MOM, OTJIUIHBIM OT
aktuBaiuu GPR84. CnenoBaresibHO, TSI OCYIIECTBICHUS TIEPCITIEKTUBHOM BO3MOXKHOCTH KOPPEKTUPOBATH
MMMYHHbBIE peaKluy IMyTeM BKJIIOUEHUS B TUETY OIPEAeICHHBIX XKUPHBIX KUCIOT TPEOYIOTCS JaibHEHUIINE
WCCIICIOBAHMSI.

Karouesvle crosa: cucmemuas KpacHas 60A4aHKA, IKCHEPUMEHMANbHAS MO0, AULAHObL HcupHbix Kuciom, GPRS4,
Th1/Th2-6aranc
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FATTY ACID RECEPTOR GPR84 AND Th1/Th2 BALANCE IN
THE EXPERIMENTAL SYSTEM IN VIVO
Demchenko E.N., Gavrilova E.D., Goiman E.V., Volsky N.N.

Research Institute of Fundamental and Clinical Immunology, Novosibirsk, Russian Federation

Abstract. While conducting numerous studies, including researchers in our laboratory, it was found
that Th1/Th2 balance plays an essential role in the regulation of reactions that determine the outcomes of
immunopathological processes in both chronic and acute GVHD models. However, the question about activity
of which element in the regulatory process during GVHD induction (for example, a receptor or an enzyme)
affects the ratio of this balance depends remains open. It has been suggested that the degree of activation of the
GPR84 receptor during GVHD induction can significantly affect the host Th1/Th2 balance. And, by assessing
this parameter, the direction of development and the intensity of the pathological process can be determined.
The aim of this work was to investigate the effect of ligands such as medium-chain fatty acid receptor GPR84
on the Th1/Th2 balance in an experimental model in an in vivo system.

Female DBA/2 and hybrids (C57B1/6 x DBA/2) F1 mouse strains were used in the experiments.The
studied ligands of GPR84 were capric and lauric acids, as well as a synthetic ligand 6-OAU. Chronic GVHD
in the semi-allogenic system was induced by injecting splenocytes from DBA/2 mice to B6D2F, hybrid mice:
60-70 x 10°-cells iv twice with an interval of 6 days. The first administration of the GPR84 ligands was performed
one hour after the donor cell transfer and then once a day for two weeks.The effect of the study drugs on the
course of chronic GVHD was assessed three months after the onset of the experiment.

It was shown that the administration of GPR84 ligands to to animals during the induction of chronic GVHD
affects the activity of the receptor and the host Th1/Th2 ratio. In the group with the injection of 6-OAU, the
number of animals which the immunopathological process developed according to the Th1-dependent variant
increased by more than 1.5-fold, compared with the control group. This fact is consistent with the literature
data obtained in the in vitro system. Apparently, the effect of a mixture of capric and lauric acids is mediated by
some other mechanism, differed from the GPR84 activation. Therefore, further research is required to realize
the promising possibility of adjusting immune responses by including certain fatty acids in the diet.

Keywords: systemic lupus erythematosus, experimental model, fatty acid ligands, GPRS4, Th1/Th2 balance

development of immunocomplex glomerulonephritis
in some animals.

Moreover, over many years of studies in our
laboratory it was found that Th1/Th2 balance plays
an essential role in the regulation of reactions that

Introduction

In the organism of experimental animals, a
balance between type 1 and type 2 T-helper cells
plays a decisive role in developing the graft versus

host reaction (GVHD) in the classical semi-allogenic
system with adoptive transfer of lymphoid cells from
one of the parental lines to hybrid mice of the first
generation. Cell transfer from C57B1/6 mice to hybrid
(C57Bl1/6 x DBA/2)F1 mice is accompanied by domi-
nance of Thl-lymphocytes in immune responses and
development of acute GVHD with pronounced tissue
destruction and mass death of recipient animals. At
the same time, if DBA/2 mice are used as donors, a
different type of immune conflict develops in recipient
mice: chronic GVHD with predominance of Th2-
dependent reactions, intense polyclonal activation
of B-lymphocytes, overproduction of antibodies and

determine the outcomes of immunopathological
processes in both chronic and acute GVHD models.
In particular, it was found that recipients develop
two variants of this disease after the induction of
chronic GVHD. Th2-dependent response, leading
to the formation of glomerulonephritis and Thl-
dependent — without nephritis, but with severe
immunodeficiency [3]. Development of either of such
scenarios is determined by the magnitude of Th1/Th2
ratio in individual animals at early stage of chronic
GVHD development. It is possible to shift the balance
of T-helper cells in either direction by using various
immunomodulatory agents. It makes this model a
convenient and sensitive test-system for identifying
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agents that affect the Th1/Th2 balance. A similar
division of recipients into Th1- and Th2-dependent
variants of the developing disease was found in acute
GVHD [10].

Ithaslongbeen established that the inability of DBA
mouse lymphocytes to induce acute GVHD after cell
transfer to hybrid mice is accounted for by impaired
recipient CD8*T-cells [8]. In the critical phase of
the immune conflict, such defective lymphocytes
produce no sufficient IFN to sharply shift the balance
towards Thl-cells and initiate massive generation of
killer cells specific to the recipient antigens. Later, by
backcrossing hybrids with the parental mouse strains
C57BI and DBA, it was also found that the defect
inhibiting induction of acute GVHD by DBA mouse
lymphocytes was genetically determined probably
affecting the Th1/Th2 ratio [1]. However, the ques-
tion remains as to which defective DBA mouse gene
the observed differences are assigned to and how it
is associated with development of opposite GVHD
variants.

Based on the results of various studies carried
out over the last twenty years, there is every reason
to believe that the GPR84 gene is the most probable
candidate for this role.

GPR84 was discovered in 2001 as an orphan
receptor of the family of membrane G-protein-
coupled proteins involved in cell signalling. However,
several years later it was found that GPR84 may
physiologically ligate medium-chain fatty acids
(from C9 to C14), among which the most active were
capric, undecanoic, and lauric acids as well as their
hydroxylated metabolites [11]. Among the examined
so far, the most important effects of GPR84 activation
in cell cultures were demonstrated in activities which
are directly related to the data described in this study.

Firstly, during the development of inflammatory
response (after LPS injection) it was found that
activation of GPRS84 significantly upregulated
expression of the IL-12 p40 subunit [2, 11], a cytokine
that shifts the balance of helper cells towards Thl
pathway and plays a decisive role in developing acute
GVHD. Secondly, the inhibitory effect of GPR84
activation on generation of Th2-lymphocytes and
their production of IL-4 was established [7]. These
data are in good agreement with the effect of this
receptor on IL-12 expression. An increased I1L-4
production by cells in mice knocked out for GPR84
has also been shown [9].

The results obtained in the study of the GPR84
gene deletion in the genome of various strains of
laboratory mice are also of great importance [5]. The
authors found that DBA/2 is among several strains
bearing such gene deletion. Thus, the defects in
CD8*T-cells from such mice and the corresponding

shift in Thl/Th2 balance towards Th2 can be
accounted for by the decreased expression of 1L-12
upon GVHD induction. These data convincingly
support the assumption that the degree of GPR84
receptor activation can marketdly affect the Th1/Th2
ratio in vivo. Therefore, it might determine modality
of development and intensity of the pathological
process upon induction of GVHD.

The aim of current study was to test this assumption
in an in vivo model by administering GPR84 ligands
to recipient mice upon induction of chronic GVHD.

Materials and methods

In the experiments, we used 45 female mice of the
C57Bl/6, DBA/2 strains and (C57Bl/6 x DBA/2)F,
hybrids obtained from the SPF vivarium ofthe Institute
of Cytology and Genetics SB RAS (Novosibirsk).

Capric (C10, Acros Organics, Germany) and
lauric (C12, Acros Organics, Germany) acids, as well
as the synthetic ligand 6-(octylamino)-2,4(1H,3H)-
pyrimidinedione (6-OAU; Abcr GmbH, Germany),
were used as the GPR84 ligands.

Chronic GVHD in the semi-allogenic system
was induced according to the standard regimen by
inoculating splenocytes from DBA/2 mice to B6D2F,
hybrid mice: 60-70 x 10 cells iv twice with an interval
of 6 days [3]. The outcome of the immunopathological
process in individual animals was determined 3
months after the induction of GVHD by measuring
the level of protein in the urine: with proteinuria
of 3 mg/ml or more, mice were classified as a Th2-
dependent variant of GVHD, leading to the formation
of glomerulonephritis, in the presence of protein in
urine less than 3 mg/ml — to a Th1-dependent variant
of the disease.

Statistical analysis of the data obtained was carried
out by using the software package Statistica 6.0.

Results and discussion

The response of C57Bl/6 and DBA/2 mice to an
exogenous inflammatory stimulus was explored in a
preliminary experiment. The animals were injected
with LPS (sc, at a dose of 1 pug/mouse). Next, at
various timepoints the intensity of the response was
assessed after drug administration by measuring the
neutrophil/lymphocyte ratio in peripheral blood as well
as concentration of free (extracellular) DNA. It was
found that magniude of changes in such parameters
after administration of LPS in DBA/2 mice was
significantly lower than in C57Bl/6 mice (data not
shown). This is in agreement with literature evidence
regarding attenuated proinflammatory responses in
DBA/2 mice under various experimental settings.
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TABLE 1. INDUCTION OF CHRONIC GVHD IN AN EXPERIMENTAL MODEL OF SYSTEMIC LUPUS ERYTHEMATOSUS (SLE)
UNDER THE INFLUENCE OF THE SYNTHETIC LIGAND GPR84 AND A MIXTURE OF FATTY ACIDS

Groups Th1-dependent Th2-dependent Th1/Th2 Proteinuria*
P variant of cGVHD | variant of cGVHD %
1. cGVHD (control) 4 10 29/71 5.17
2. cGVHD + 6-OAU 5 6 46/54 5.63
3. cGVHD + (C10+C12) 0 12 0/100 5.63

Note. * mean concentration of protein in the urine of mice with developed glomerulonephritis (mg/ml).

During experiments with inducing chronic
GVHD, animals were divided into three groups after
donor cell transfer:

Group 1 — control (n = 14) — ip injection of 0.2 ml
of PBS (saline);

Group 2 — experiment (n = 11) — ip injection of
0.4 mg 6-OAU in 0.2 ml of PBS;

Group 3 — experiment (n = 12) — injection of a
mixture of fatty acids (0.35 mg C10 + 0.4 mg C12 in
the form of a suspension in 0.5 ml of PBS), per os
(using a gastric tube).

The first injection of GPR84 ligands to all animals
was performed one hour after donor cell transfer and
then once a day for two weeks.

The effect of the drugs on chronic GVHD was
assessed three months after the onset of experiment.
By determining the number of mice with developed
immunocomplex glomerulonephritis in each of the
indicated groups. The results of this experiment are
presented in the Table 1.

These data show that even in the in vivo test-
system activation of GPR84 by a synthetic ligand also
leads to marked shift in the Th1/Th2 ratio towards
Thl and increased production of proinflammatory
cytokines similar to what was previously shown in
experiments with cell cultures. In the group with
inoculated 6-OAU, the number of animals with
immunopathological process developed along Thl-
dependent variant increased by more than 1.5-fold,
compared with the control group. Although donor
cells initiating an immune conflict could not directly
respond to inoculated 6-OAU (due to the ablated
GPR84 gene). Nevertheless, the reactions of such
cells, being actively involved in inducing a certain
Th1/Th2 balance in recipient host, were significantly
modified by the injected drug. Such data may be easily
explained by assuming that the effect of the GPR&84
activating agent is mediated by its effects on host
cells, which genome contains a normally functioning
GPR84 gene inherited from the parental C57Bl/6

mice. Injection of 6-OAU into recipients activating
GPR84 increases the amount of IL-12 produced by
the host cells. In turn, this cytokine can also affect
donor cells affecting their activity and thereby shifting
the Th1/Th2 balance to the pro-inflammatory side as
well as ultimately reducing the number of nephritis
cases in experimental group.

A more difficult obstacle is interpretation of intri-
guing data obtained in mice inoculated with a mixture
of fatty acids. While planning the experiments,
it was assumed that a mixture of capric and lauric
acids, effectively binding to the GPR84 protein and
cause its activation, should trigger an effect similar
to that of a synthetic ligand in our test system.
However, a sharp shift in the balance of T-helper
cells to the dominant Th2-cells was unexpected.
At first glance, this result contradicted our initial
assumption and the effect of 6-OAU. Apparently,
in this case, the effect of fatty acids on the Th1/Th2
ratio is mediated in another way, differed from the
activation of GPR84 by these acids. As it turned out,
one of the possible explanations may be related to
the activation of the hydroxycarboxylic acid receptor
3 (HCA3) by capric acid, which is included in the
mixture used in our experiments. Peters A. et al.
found that the hydroxylated metabolite of this acid
(3-OHCI10) was able to activate not only GPR&84
(with the same efficiency as the native C10), but
also the HCAZ3 receptor [6]. Similar to the medium-
chain fatty acid receptor, HCA3 is expressed on
immune cells. However, unlike GPR84, activation
of HCA3 may also suppress the production of
proinflammatory cytokines in response to LPS [4].
Thus, we can assume that capric acid, acting through
cognate receptor, is capable of shifting the Th1/Th2
ratio towards the prevalence of Th2-lymphocytes.
However, further research is required to find out
whether a similar process underlies the discovered
phenomenon or results from action of some other
factors.
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