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WMMYHOMOAYJIUPYIOLLME CBOUCTBA KODEUHA
U OBPABOTAHHbLIX KOOPENHOM UMMYHOKOMIETEHTHbIX

KJIETOK NPU AENPECCUBHO-NOAOBHOM COCTOAHUN
Mapxkosa E.B., Rusa:xeBa M.A.

DI'BHY «Hayuno-uccaedosamenscKuii UHCMUmMym (GyHOAMeHmManNbHoU U KAUHUYECKOU UMMYHOA02UU»,
2. Hosocubupck, Poccus

Pesrome. Jleripeccust IBIsSCTCS OMTHOM U3 BEAYIINX MI00ATBHBIX IIPOOJIEM 3IpaBOOXPaHEHUS BO BCEM MUPE.
3HaYUTENbHOE YBEJIMYEHUE PACTIPOCTPAHEHHOCTH CPeliu TPYAOCIIOCOOHOTO HACEJIEHUsI, a TaKXKe BbICOKAs
KOMOPOMIHOCTh, YaCTUIHASI WJIM MOJTHas (apMaKOPe3NCTEHTHOCTh TPETH TTalIMEHTOB OMpeaessieT He00X0-
MUMOCTb pa3pabOTKKU HOBBIX MOAXOOAOB K Teparuu Aenpeccuu. HapylieHre B3auMOPEryasiuu OCHOBHBIX
FOMEOCTaTUYECKMX CUCTEM MUIPAET BaXKHEHIIYIO POJib B ITATOT€HE3e AEIPECCUN; IICUX0- U UMMYHOIIATOJIO-
TUST TECHO B3aMMOCBSI3aHbI: TATOJIOTMYECKIE N3MEHEHUS B (GYHKIIMOHNPOBAHUN OOCHX CUCTEM TTIPOUCXOIST
OAHOBPEMEHHO U B3aMMOOOYCJIOBICHBI. DTO ONpeAeIsieT MePCIIEKTUBHOCTh METOHAOB JICUeHUsI AEIIPECCUU,
OCHOBaHHBIX Ha UMMYHOJIOTHYEeCKUX noaxomax. KodenH — mperrapat, 3BeCTHBII CBOMMU IICXOHEPOMO-
IYJIUPYIOIIMMM CBOMCTBAMU SIBJISIETCS aHTAaTOHMCTOM aJeHO3MHOBBIX PELIENITOPOB C BhIPAaXKEHHBIM J10303a-
BUCUMBIM 3(PpheKToM. ATEHO3MHOBBIC PEIICIITOPHI SKCIIPEecCUpPYIOTes Kak KiaeTkamu LITHC, Tak n KiieTkamMm
MUMMYHHOI CHCTEMBI, 9YTO O0YCJIaBJIMBAeT €r0 MMMYHOMOIY/IUPYIolIne cBoiicTBa. CXOICTBO KaK (PEHOTHUIIOB,
Tak U QYHKLUKUIA KICTOYHBIX 3JIEMEHTOB UMMYHHOM U HEPBHOI CHUCTEM, a TaKXKe OJHOHAIpPABIEHHOE BJIM-
sTHAE OOJBIIMHCTBA TICUXOAKTUBHEIX IperapaToB Ha [IHC 1 MMMYHHYIO CUCTEMY OIpeAessieT MHTepeC K
M3YYCHUIO UMMYHOMOIYJIUPYIOIINX CBOMCTB KOerHa ISl HaITpaBJIEHHOTO BO3IeCTBUS Ha (OYHKIIMOHATb-
HYIO0 aKTUBHOCTh UMMYHHBIX KJIETOK, C LIEJIbI0O MX ITOCJICAYIOIIETO NCIOIb30BaHUS B KaUYeCTBE MOICIHHBIX
0OBEKTOB UISI HOpMaJIU3allMi HapYIIEHHBIX TIPU ACIIPECCUBHOM COCTOSIHUM HEMPOMMMYHHBIX PETyJISITOP-
HBIX CBsi3eii. PaHee HaMM BIiepBbIe ObLIa IIPOAEMOHCTPUPOBAHA BO3MOXHOCTD PeJIAKTUPOBAHMSI ACIIPECCUB-
HO-TIOHOOHOTO TOBEIEHUS MPEKYJIBTUBUPOBAHHBIMU C KOPEMHOM MMMYHOKOMIIETEHTHBIMU KJIETKAMU W
MOKa3aHbl LICHTPaJIbHbIE MEXaHU3MbI 3TOT0 3¢ eKTa, HarpaBIeHHbIE Ha CTUMYJISILIMIO IIPOLIECCOB HEMPO-
TJIACTUYHOCTY M CHIDKeHME HelipoBocItayieHUs. LleTbro HacToSIIeTo ncciaeAoBaHUSsI ObLIO OLIEHUTh (DYHKIIM -
OHAaNbHBIN (PEHOTUIT UMMYHOKOMITETEHTHBIX KJIETOK JIEMPECCUBHO-MOJ00HBIX XKMBOTHBIX MOCIE 00pabOTKU
KJIETOK in vitro KopernHOM, a TakKe 3(PMEKThI TpaHCIUIAHTALIMU ITPEKYIbTUBUPOBAHHBIX C KOPEUHOM UMMY-
HOKOMIIETEHTHBIX KJIETOK Ha MmapaMeTpbl (byHKIIMOHAJbHOW aKTUBHOCTM UMMYHHOMW CUCTEMbI CMHTEHHBIX
JIEIIPECCUBHO-TIOJO0HBIX PELIMIIMEHTOB. B pe3y/braTe IpoBeAeHHOIO MCCIeI0BaHUs ObUIO MTOKA3aHO, YTO
Ko(erH B HU3KOH KOHIIEHTPAILIMH MOBBIIIACT CITOHTAHHYIO Y MHAYIIMPOBAHHYIO MUTOT€HAMU TIpoJimdepa-
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TUBHYIO aKTUBHOCTb CILIEHOLIMTOB JEIPEeCCUBHO-MOM00HBIX caMoB-Mbileii (CBA x C57BL/6)F1 in vitro;
TIPY 3TOM U3MEHSIETCSI CIIOHTAaHHAsk U MUTOTEH-CTUMYJIMPOBaHHAS TIPOAYKIINAST STUMHU KJIETKaM1 IIMTOKMHOB
TNFa IL-1B, IFNy, IL-2 u IL-10. ITocyie BHyTpUBEHHOTO BBEACHUSI MPEKYIBTUBUPOBAHHBIX C KOHEUHOM
CIUIEHOLIUTOB JE€HPECCUBHO-TIOA00HBIX JOHOPOB CUHI€HHBIM ACIPECCUBHO-TTOA00HBIM PELUIIUEHTAM Y 10~
CJIEIHUX HaOJIoalach CTUMYJISIIMM TYMOPaJIbHOIO MMMYHHOIO OTBETa, OLICHEHHOI'O 10 YBEJIMYCHUIO KaK
OTHOCHUTEJILHOTO, TaK 1 a0COJIIOTHOTO YMCJIa aHTUTEI000pa3yIoNInX KJIETOK celie3eHKU. bbuia 3apeructpu-
pOBaHa TaKXe CTUMYJISIIMSI CIIOHTAaHHOM MposindepaTUBHOM aKTUBHOCTHU JIMM(MOIIMTOB KYJIBTYpe CILUICHO-
1uToB. [lonydyeHHbIe MaHHBIE CBUIETEIbCTBYIOT O BhIpakeHHOM 3ddexkTe KobenHa in vitro Ha GYHKIINO-
HaJIbHYIO aKTUBHOCTh UMMYHOKOMIIETEHTHBIX KJIETOK, PABHO KaK U O IIO3UTUBHOM UMMYHOMOIYJIMPYIOILEM
addeKTe MpeKyITETUBUPOBAHHBIX ¢ KODEHMHOM KJIETOK ITPH JIETIPECCUBHO-TTOT00HOM COCTOSTHUU in Vivo.

Karouesnie cnosa: kogheun, denpeccugno-nodobroe cocmosue, UMMYHHbII OMeem, UMMYHOKOMNEmeHmHble KAemku,
npoaugepayus, yumMoKuHol

IMMUNOMODULATORY PROPERTIES OF CAFFEINE AND
CAFFEINE-TREATED IMMUNE CELLS IN DEPRESSION-LIKE
STATE

Markova E.V,, Knyazheva M.A.

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

Abstract. Depression is one of the leading global health problems worldwide. A significant increase in
prevalence among the working-age population, as well as high comorbidity, partial or complete drug resistance
in a third of patients determines the need to develop new approaches to the treatment of depression. Violation
of mutual regulation of the main homeostatic systems plays an important role in the pathogenesis of depression.
Psycho- and immunopathology are closely interrelated: pathological changes in the functioning of both systems
occur simultaneously and are interdependent. This determines the prospects for the treatment of depression
based on immunological approaches. Caffeine, a drug known for its psychoneuromodulatory properties, is an
adenosine receptor antagonist with a pronounced dose-dependent effect. Adenosine receptors are expressed
by both CNS cells and cells of the immune system, which determines its immunomodulatory properties. The
similarity of both phenotypes and functions of the cellular elements of the immune and nervous systems, as well
as the unidirectional effect of most psychoactive drugs on the central nervous system and the immune system,
determines the interest in studying the immunomodulatory properties of caffeine for a targeted effect on the
functional activity of immune cells, with a view to their subsequent use as model objects for the normalization
of neuroimmune regulatory connections disturbed in a depressive state. Previously, we first demonstrated the
possibility of editing depression-like behavior by immune cells precultivated with caffeine and showed the central
mechanisms of this effect aimed at stimulating neuroplasticity processes and reducing neuroinflammation. The
aim of this study was to evaluate the functional phenotype of immune cells in depressive-like animals after
in vitro treatment of cells with caffeine, as well as the effects of transplantation of caffeine-precultured immune
cells on the parameters of the functional activity of the immune system of syngeneic depressive-like recipients.
As a result of the study, it was shown that low concentrations of caffeine increase the spontaneous and mitogen-
induced proliferative activity of splenocytes of depression-like male mice (CBA x C57BL/6)F1 in vitro; this
changes the spontaneous and mitogen-stimulated production of cytokines TNFa IL-1B, IFNy, IL-2, and
IL-10 by these cells. After intravenous administration of the precultured with caffeine depression-like donor’s
splenocytes to syngeneic depression-like recipients, stimulation of the humoral immune response was observed
in the latter, assessed by an increase in both the relative and absolute number of antibody-forming spleen cells.
Stimulation of spontaneous proliferative activity of lymphocytes in splenocyte culture was also registered. The
data obtained indicate a positive effect of caffeine in vitro on the immune cell’s functional activity, as well as
a positive immunomodulatory effect of the immune cells precultured with caffeine in a depression-like state
in vivo.

Keywords: caffeine, depression-like state, immune response, immune cells, proliferation, cytokines
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Introduction

Depression is one of the urgent medical and social
problems of our time due to its wide prevalence
among various contingents, including among the
working population throughout the world. There is
still no consensus on the contribution of genetic,
environmental, social factors to the etiology and
pathogenesis of this disease. The heterogeneous
nature, high comorbidity, and pronounced drug
resistance of major depressive disorder (MDD)
determine the search and development of new
highly effective treatment approaches. In patients
with major depressive disorder (MDD), a violation
of the functional activity of the immune system
and its cellular elements was found, which prevents
a favorable prognosis, including the response to
antidepressants. Altered innate and adaptive immunity
involving a pronounced increase in the number of
neutrophils, alterations in the numbers of monocytes,
in the relative abundance of T cell subtypes, reduced
numbers of the regulatory T (Treg) and B (Breg)
cells, increased Th1/Th2 ratio and the Thl7 cells,
a decrease in the number of B-cells, decrease in
the proliferative activity of lymphocytes and the
intensity of the immune response has been found in
depressed patients and in stress-induced depression-
like behavior in animal models [2, 4, 9]. There is also
evidence of changes in the levels of cytokines IL-1f3,
1L-2, IL-4, IL-6, IL-12, IL-18, IL-8, IL-13, TNFa.,
IFNy, TGF-B1, and IL-10 [6, 7, 8, 9].

Among the known molecular pathways activated
in MDD are JAK-STAT and PI3K/Akt/RAS/MAPK
[3, 5, 15]. The main pharmacological agents for the
treatment of depression include drugs aimed at the
monoamine and melatonin systems. Positive effects
are also provided anti-cytokine treatment [7, 14], but
the issue of toxicity and safety of the use of such drugs
is not well understood.

Caffeine, a drug known for its psychoneuromo-
dulatory properties, is an adenosine receptor (AR)
antagonist with a pronounced dose-dependent ef-
fect [1, 13, 15]. Adenosine receptors are not only
expressed by CNS cells, they are also present in
most immune cells and are involved in the regulation
of various cell functions. The similarity of both
phenotypes and functions of the cellular elements
of the immune and nervous systems, as well as the
unidirectional effect of most psychoactive drugs
on the central nervous system and the immune
system, determines the interest in studying the
immunomodulatory properties of caffeine for a

targeted effect on the functional activity of immune
cells, with a view to their subsequent use as model
objects for the normalization of neuroimmune
regulatory connections disturbed in a depressive state
and alleviation of depressive symptoms. Previously,
we first demonstrated the possibility of editing
depression-like behavior by immune cells precultured
with caffeine and showed the central mechanisms
of this effect aimed at stimulating neuroplasticity
processes and reducing neuroinflammation [10, 11,
12].

In connection with the above, the aim of this
study was to evaluate the functional phenotype of
immune cells in depressive-like animals after in vitro
treatment of cells with caffeine, as well as the effects
of transplantation of caffeine-precultured immune
cells on the parameters of the functional activity
of the immune system of syngeneic depressive-like
recipients.

Materials and methods

Male mice (CBA x C57BL/6)F1 at the age of 4
months, weighing 25-30 g, obtained from the animal
facility of the E.D. Goldberg Scientific Research
Institute of Pharmacology and Regenerative Medi-
cine, Tomsk National Research Medical Center of the
Russian Academy of Sciences (Tomsk, Russia) were
used. The animals were housed in groups of ten per
cage in a laboratory vivarium, at least two weeks prior
the start of the experiment under standard conditions
on a standard diet, with free access to water and a
natural light regime. All experimental procedures
were in compliance with the European Communities
Council Directive (Strasburg, 1986) and were
approved by the Institutional Animal Care and Use
Committees of the Scientific Research Institute of
Fundamental and Clinical Immunology. Every effort
was made to minimize the number of animals used
and their suffering.

A depression-like state was formed in passive mice
(n = 36) as a result of repeated experience of defeat
in agonistic interactions with an aggressive partner
during 20 days, as described earlier [10, 11]. The de-
pression-like phenotype was characterized in the for-
ced swimming test, open field and plus maze using a
modern hardware and software complex EthoVision XT
(Noldus, Netherlands). Anhedonia was assessed by
the sucrose preference test using an automated system
for behavioral and cognitive phenotyping IntelliCage
(TSE systems, Germany). Then depression-like mice
were isolated into individual cages to avoid agonistic
interaction and were used as donors and recipients of
immune cells.

Immune cells were obtained under sterile con-
ditions from a suspension of splenocytes, precultu-
red in vitro with caffeine at the dose of 100 ug per
15 x 10° cells with 3% FCS (Hyclone) for 25 minutes,
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as we described earlier [10, 11], with subsequent as-
sessment of the cells spontaneous and mitogen-
induced proliferative activity by a standard method for
the inclusion of a radioactive label in nucleoprotein
fractions (H3-thymidine), as well as the production of
a number of cytokines by splenocytes by determining
their quantitative content in samples of culture su-
pernatants by ELISA, using specific test-systems
for the determination of IFNy, 1L-6 (eBioscience,
BenderMedSystems, Austria) and for the determi-
nation of IL-1f3, IL-10, TNFa (R&D Systems
Inc, UK) in accordance with the manufacturer’s
instructions.

At the second stage of the study, splenocytes
precultured with caffeine were administered intra-
venously to syngeneic depression-like recipients.
Splenocytes precultured under similar experimental
conditions, but without caffeine, as well as a group of
depressed recipients who were transplanted with these
cells served as controls. In syngeneic depression-
like recipients, the intensity of the humoral immune
response was assessed by the relative and absolute
number of antibody-forming spleen cells in response
to the T-dependent antigen (sheep erythrocytes). The
intensity of the cellular immune response was assessed
by the severity of the delayed-type hypersensitivity
reaction (DTH).

The results were statistically processed using the
Mann—Whitney paired test (Statistica for Windows
10.0 software). Results are presented as the mean
+ SEM. Differences were considered significant at
p <0.05.

Results and discussion

As a result of the study, it was found that caffeine
in vitro stimulates the proliferative activity of depre-

ssion-like mice splenocytes, which is expressed in an
increase in spontaneous and Con-A-induced proli-
feration of lymphocytes within splenocytes (Table 1),
apparently through the direct action of caffeine on
A1AR and A2AR receptors present on spleen immune
cells. The binding of caffeine to these receptors leads to
a change in the chain of intracellular events that affect,
among other things, the synthesis and production of
cytokines [1, 3, 13, 15]; therefore, the production of
a number of cytokines by caffeine-treated depression-
like mouse splenocytes was evaluated.

It has been shown that after in vitro treatment
with caffeine at a low concentration, the spontaneous
production of IL-1B, IFNy and TNFa decreases
with a significant increase in the production of
IL-2 and IL-10. In the study of mitogen-stimulated
production of cytokines, a decrease in the production
of IL-1B, IFNy and an increase in IL-10 was found
(Table 2). The obtained results are consistent with
the data of other researchers, in particular, on the
negative regulation of TNFa secretion by caffeine in
various cells, including splenocytes, peripheral blood
mononuclear cells, and mast cells [13, 15]. A likely
mechanism for changing the proliferative activity
of splenocytes and the production of a number of
pro- and anti-inflammatory cytokines by cells is an
increase in cAMP accumulation as a result of in vitro
binding of caffeine at a low concentration used to
A1AR and A2AR, followed by prevention of NF-kB
activation through the cAMP/PKA pathways [1, 3,
15]. It is assumed that activated A2AR promotes the
differentiation of CD4*T cells towards regulatory
T cells, due to an increase in the level of 1L-2 and
a decrease in the level of I1L-6, which is one of the
activators of the JAK-STAT signaling pathway [4, 5].

TABLE 1. PROLIFERATIVE ACTIVITY OF DEPRESSION-LIKE MALES (CBA x C57BL/6) F1 SPLENOCYTES AFTER IN VITRO
TREATMENT WITH CAFFEINE AND DEPRESSION-LIKE RECIPIENT’S SPLEEN CELLS AFTER TRANSPLANTATION OF

SYNGENEIC CAFFEINE-TREATED SPLENOCYTES, MxSD

Splenocyte proliferative activity (cpm)

Cell group

spontaneous

ConA LPS

Splenocytes of depression-like mice
precultured without caffeine (control)

372.7£73.2

30854.4+£3095.8 3848.7+491.4

Splenocytes of depression-like
mice precultured with caffeine
(experimental)

861.4£104.1**

50437.1£7237.8* 4117.0£342.1

Depression-like recipient’s
splenocytes (control)

401.2+75.6

32589.2+4161.7 4198.7+£396.8

Depression-like recipient’s
splenocytes (experimental)

623.4+71.6™*

43964.3+6172.8 4569.3+£281.5

Note. Control cell’s group — splenocytes of depression-like mice precultured without caffeine or splenocytes of depression-like
recipients after transplantation of these cells. Experimental cell’s group — splenocytes of depression-like mice precultured with
caffeine or splenocytes of depression-like recipients after transplantation of these cells. *, p < 0.05; **, p < 0.01 relative to the

corresponding indicator in the control group.
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TABLE 2. CYTOKINE PRODUCTION (pg/mL) BY IN VITRO CAFFEINE-TREATED SPLENOCYTES OF DEPRESSION-LIKE

MALES (CBA x C57BL/6)F1, M£SD

g | w4 [ e

IL-10 IL-2 IFNy TNFa

Cell group

Spontaneous production

Splenocytes

of depression-
like mice
precultured
without caffeine
(control)

11.3+£1.5 6.4£1.5 201.0+£8.1

13.1£7.3 10.8+2.3 28.0+5.8 32.5+3.8

Splenocytes
of depression-
like mice
precultured
with caffeine

7.5£2.7* 5.3+1.4 191.0£7.1

31.9%4.1* | 34.246.5" | 12.2x4.2** | 24.5+2.4**

Mitogen-stimulated production

Splenocytes

of depression-
like mice
precultured
without caffeine
(control)

192.1+5.6 31.3+5.9

1081.0£108.3

52.9+10.2 | 48.3x3.4 ([115.1£10.4 (159.4£8.9

Splenocytes
of depression-
like mice
precultured
with caffeine

61.1£7.5" | 32.2+2.3 971.0£95.1

91.0x14.1**| 57.1x2.2* | 42.247.1** (148.9£5.4

Note. *, p < 0.05; **, p < 0.01 compared with the corresponding indicator in the control group of cells.

TABLE 3. INTENSITY OF THE HUMORAL AND CELLULAR IMMUNE RESPONSE IN DEPRESSION-LIKE RECIPIENTS
(CBA x C57BL/6)F1 AFTER TRANSPLANTATION OF SYNGENEIC SPLENOCYTES MODULATED EX VIVO BY CAFFEINE,

MxSD
Recipient group
Parameter
Control group Experimental group
Relative number of antibody-forming spleen cells /108 332.2+74.7 553.6+57.1*
Absolute number of antibody-forming spleen cells 69515.41+7678.6 87821.2+6118.6*
DTH reaction (%) 10.2+2.3 12.1+1.4

Note. Control group of recipients — depression-like recipients after transplantation of syngeneic splenocytes precultured without
caffeine. Experimental group of recipients — depression-like recipients after transplantation of syngeneic splenocytes precultured
with caffeine. *, p < 0.01 relative to the corresponding indicator in the control group.

Previously, we demonstrated the depression-like
behavior editing by the transplantation of caffeine-
treated immune cells [10, 11]. Taking into account
the above-mentioned important role of disturbances
in the functional state of the immune system and its
cells in the pathogenesis of depression, including the
formation of depression-like behavior, in this study,
the intensity of the main components of the immune
response and the proliferative activity of lymphocytes
of depression-like recipients were assessed after
transplantation of syngeneic splenocytes treated
in vitro with caffeine. As a result of the studies, sti-
mulation of the humoral immune response was
registered in depressive-like recipients, which was

assessed by an increase in both the relative and
absolute number of antibody-forming spleen cells
(Table 1). At the same time, a significant stimulation
of the spontaneous proliferative activity of splenocytes
was also shown (Table 3).

There were no significant changes in the DTH
response in depressive-like recipients. The demon-
strated stimulation of the functional activity of the
immune system of depression-like recipients oc-
curs along with the modulation of the structural
and functional parameters of their nervous system,
including editing depression-like behavior, reduc-
tion of neuroinflammation and stimulation of neu-
roplasticity [11]. Taking into account the fact that si-

537



Mapkoea E.B., Knaxcesa M. A.
Markova E.V., Knyazheva M.A.

Meoduyunckas Ummynonoeus

Medical Immunology (Russia)/Meditsinskaya Immunologiya

milar effects are also observed during antidepressant
therapy [4,9, 14], adoptive immunotherapy with
in vitro caffeine-modulated immune cells should be
considered as a possible promising method in the
treatment of depression, excluding the negative side
effects observed with the direct use of this psychoactive
drug substances.

Conclusion

Thus, the data obtained indicate a pronounced
effect of caffeine in vitro on the functional activity of
immune cells, as well as a positive immunomodulatory
effect of the immune cells precultured with caffeine
in vivo in a depression-like state.
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