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MMMYHOKOMMETEHTHbIE KJIETKUA B KAHECTBE
NOTEHUWAJIBHOIO TEPANEBTUYECKOI'O ATEHTA

B JIEMEHUU AENPECCUU
Mapxoga E.B., Kus:kxea M.A.

DI'BHY «Hayuno-uccaedosamenbcKuil UHCMUMym KAUHUMECKOU U YyHOAMeHMAAbHOU UMMYHOA0UU»
2. Hosocubupck, Poccus

Pe3iome. IMMyHHast 1 HEPOIHIOKPUHHASI CUCTEMbI UTPAIOT PELLAIOLIYIO POJIb B OIS PXKAHUN TMHAMM -
YeCKOro TOMEOCTa3a B HOPMaJIbHbIX YCJIIOBUSIX M ITPU IICUXUYECKOM Ae3aaanTauuu. [Icuxo- ¥ MMMYHOIIaTOJIO-
IYsi TECHO B3aMMOCBSI3aHbI: ATOJIOIMYSCKUE NUBMEHEHUS B (PYHKIIMOHMPOBAHUM O0EUX CUCTEM IIPOUCXOST
OAHOBPEMEHHO M B3aMMO3aBUCUMBIL. Jlenpeccus, Kak IMCUXUYECKOE PACCTPOMCTBO, — cepbe3Hasl IpobieMa
OOILLIECTBEHHOTI'O 3IpaBOOXPaHEHMs. DKCIIEPTHbIC OLICHKHU ITOKAa3bIBAIOT POCT 3a00JI€BAEMOCTH JepecCueii
B OynyieM. OgHako npuMeHsieMasi B HacTosIIee BpeMs Tepanus ASIpecCur He 00ecIieunBaeT MOJIHOTO 13-
nedyeHus. I3BecTHO, YTO HapyllIeHMe HEMPOUMMYHHOTO B3aMMOICHCTBUS SIBJISISTCSI CYILLIECTBEHHBIM 3B€HOM
B IIaToreHe3e 3a00JieBaHMsI, HETATUBHO BJIMSSI HA €ro TEUCHME, yXyAllas KIMHUYECKYIO KapTUHY, CHMXKAas
3 HEKTUBHOCTh Tepanuu, MO3TOMY aKTyaJleH IOMCK HOBOIO MOAXoja K JieueHMIo. MimeeTcs: 1ocTaTouHOe
KOJIMYECTBO JTaHHBIX O BEAYIIEH POJIM UMMYHHBIX KJIETOK U UX OMOJIOrMYECKM aKTUBHBIX IIPOILYKTOB B Ma-
ToreHese aernpeccun. OpHOHAMNpaBIeHHOE ACMCTBUE OOJBIIMHCTBA IICMXOAKTUMBHBIX IIpenapaToB Ha LICH-
TPaJIbHYIO HEPBHYIO CUCTEMY U UMMYHHYIO CUCTEMY ITOATBEPKIAET MEKCUCTEMHYIO B3aUMHYIO PETYJISILIAIO
U TI03BOJISIET paCCMaTPUBATh UMMYHHbBIC KJIETKM B KAY€CTBE MOJICJIbHBIX OOBEKTOB [IJIsI BAUSIHUSI HA MEXCH -
CTEeMHYIO (DYHKIIMOHAIbHYIO B3aMMOCBSI3b; B CUJIY Y€r0, KJIETOUHAsk UMMYHOTEPAIlUsl MOXKET ObITb METOIOM
BbIOOpA IIPM JICUEHUHU JIeIPECCUBHBIX PACCTPOMCTB. Mbl BIIEpBbie MPOIEMOHCTPHUPOBAIN BO3MOXKHOCTb Ha-
MpaBJICHHOM PEery/siiuy MOBEASHUsI KCIIEPUMEHTAIbHBIX KMBOTHBIX ITyTeM TPaHCIUIAHTALlMKA MMMYHHbBIX
KJIETOK C OmpeAeeHHbIMU (PYHKIIMOHAIbHBIMU XapaKTepUCTUKAMM, B TOM 4HMCIIie ¢ (PYHKIIMOHAIbHOM aK-
TUBHOCTBIO, MOAYJIMPOBAHHON AKCTPAKOPIIOPaIbHO IICUX0AaKTUBHBIM BelliecTBOM. OCHOBBIBasICh HA MPEIbI-
IYLIUX pe3yJbTaTax, Mbl UCCJICIOBAIM BJIUSHAE UMMYHHBIX KJIETOK, MOIYJIMPOBAHHBIX in Vitro KOGENHOM,
Ha UMMYHHBIN U TIOBEICHYECKUI (DEHOTHUIIBI y IeTIPECCUBHO-MOAOOHBIX CUHIEHHBIX PELMITMEHTOB. bblio
MOKAa3aHO, UTO TPAHCIIAHTALIMs MPEKYJIBTUBUPOBAHHBIX ¢ KO(PEUMHOM CILJICHOLIMTOB JIENIPECCUBHO-I10100-
HBIX JOHOPOB BbI3BaJjla PeIaKTUPOBaHUE ACIPECCUBHO-TIOA00HOrO IMOBEACHMUS Y CUHT€HHBIX PELIMITMEHTOB,
YTO IPOSIBUJIOCH B CHUXKEHUU aHTEAOHUN, CTUMYJISILIMHA OPUEHTUPOBOYHO-UCCIIEIOBATEIbCKOTO ITIOBEICHUSI
B TE€CTE «OTKPBITOE MOJIe» U ABUraTeIbHOI aKTUBHOCTHU B TECTE BbIHYKJIeHHOTIO Iu1aBaHusi 1o [opcounty. [To-
BE/ICHUYECKUE U3MEHEHUSI y JeMPECCUBHO-TIOJOOHBIX PELIMITUEHTOB MOCJe KJIETOYHOM TpaHCIUIaHTAllUuKU pe-
TUCTPUPOBAIUCH HA (DOHE CHUXKEHMST YPOBHSI MpoBocnaanuTe bHbIX IMTOKMHOB (TNFa, IL-1B, IL-6, IFNy)
u yBeaudeHus: ypoBHs [L-10 B maToreHeTMYeCKW 3HAUYMMBIX IS NETIPECCUBHO-TIOJOOHOTO COCTOSTHUS
CTPYKTYypax roJIOBHOrO Moara (rumrokamie, rurnorajiamyce, (pOHTaJbHONM KOpe, CTpUaTyMe), YTO CBUIE-
TEJILCTBYET O CHMUKEHUUM HellpoBocIiajieHMsl. BoisiBieHa Takxke MOAY/IsILMsT (yHKIIMOHAIBHOM aKTUBHOCTHU
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HMMYHHOfI CUCTEMBI PCIIUIIMCHTOB. HI/ITOKHH—OHOCPCHOB&HHBIC MEXaHU3MbI pCAAKTUPOBAHUA NJCTIPECCUB-
HO-TI0JIOOHOTO MOBEASHMS MOOYJINPOBAHHBIMHN in vitro KO(l)CI/IHOM MMMYHHbIMU KJICTKaMH O6CY§KI[aIOTC$I.

Knrouesuie crosa: HelipoummynHoe 83aumodeiicmeaue, 0enpeccugHo-no0ooHoe nosedeHue, UMMYHOKOMNemeHMHble KAeMKU, KopeuH,
MO32, UUMOKUHbL

IMMUNE CELLS AS APOTENTIAL THERAPEUTIC AGENT IN
THE TREATMENT OF DEPRESSION
Markova E.V,, Knyazheva M.A.

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

Abstract. The immune and neuroendocrine systems play a critical role in maintaining a dynamic homeostasis
in normal conditions and at mental maladaptation. Psycho- and immunopathology closely interrelated:
pathological changes in the functioning of both systems occur simultaneously and are interdependent.
Depression, as a mental disorder, is a major public health concern. The estimations are showing rise of the
depression’s incidence in the future. However, currently used therapy of depression doesn’t provide a complete
cure. It is known that a violation of neuroimmune interaction is an essential link in the pathogenesis of the
disease, having a negative impact on its course, making the clinical picture worse, reducing effectiveness of
the therapy, therefore, it’s urgent to search for a new treatment approaches. There are a sufficient amount
data on the immune cells and their biologically active products leading role in the pathogenesis of depression.
The unidirectional effect of most psychoactive substances on the central nervous system and the immune
system confirms intersystem mutual regulation and allows considering the immune cells as model objects for
influencing the intersystem functional relationship; so, cells immunotherapy can be the method of choice
in the treatment of depressive disorders. We first demonstrated the possibility of animal’s behavior directed
regulation by the transplantation of immune cells with definite functional characteristics, including those with
functional activity modulated extracorporeally by a psychoactive substance. Based on the previous results we
investigated the effect of the in vifro caffeine- treated immune cells on the behavior and immune phenotypes
in depressive-like singeneic recipients. Transplantation of caffeine-treated splenocytes from depressive-like
donors has been shown to induce depressive-like behavior editing in syngeneic recipients, which was manifested
in anhedonia decrease, stimulation of exploratory behavior in the Open Field test and motor activity in the
Porsolt forced swimming test. Recipient’s behavioral changes were registered on the background of decreased
brain pro- inflammatory cytokines (TNFa, IL-1B, IL-6, IFNy) and IL-10 increased in some pathogenetically
significant for depressive-like state brain structures (hippocampus, hypothalamus, frontal cortex, striatum),
which indicates a decrease in neuroinflammation. It was also detected recipient’s immune system functional
activity modulation. The cytokines-mediated mechanisms of depressive-like behavior editing by the in vitro
caffeine- modulated immune cells are discussed.

Keywords: neuroimmune interaction, depressive-like behavior, immune cells, caffeine, brain, cytokines

Introduction

The immune and neuroendocrine systems play
a critical role in maintaining a dynamic homeo-
stasis in normal conditions and at mental mala-
daptation. Psycho- and immunopathology are closely
interrelated: pathological changes in the functioning
of both systems occur simultaneously and are
interdependent. For decades, the consequences
of acute and chronic stress caused by information
overloads, environmental problems, natural disasters,
man-made disasters, military clashes, interethnic
conflicts, acts of terrorism, which can lead to painful

“breaking” of socio-biological mechanisms of adap-
tation, decrease in adequacy while assessing the envi-
ronment and how consequences, the formation of
disorders in the psychoemotional sphere, manifested
in the development of behavioral disorders, including
depression. All this leads to their steady growth in
modern world and an increase in the number of related
somatic diseases. Depression, as a mental disorder,
is a major public health concern. The estimations
denostrate a rise of the depression incidence in the
future. However, currently used therapy of depres-
sion does not provide a complete cure. It is known
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that a disturbed neuroimmune interaction is an
essential link in the disease pathogenesis, having a
negative impact on its course, aggravating clinical
picture, reducing effectiveness of the therapy [1,
3, 4, 5, 7, 14]; therefore, it is urgent to search for
new treatment approaches. Obviously, this is due to
formation of a “vicious circle”, which can be broken
only by normalizing the neuroimmune regulatory
relationship. Cell immunotherapy can be a method of
choice in treatment of depressive disorders. There is
a whole body of data on the immune cells and their
biologically active products exerting a leading role in
the pathogenesis of depression [1, 3,4, 5,6, 7, 14]. The
unidirectional effect of most psychoactive substances
on the central nervous system and the immune system
confirms intersystem mutual regulation and allows
to consider the immune cells as model objects for
influencing the intersystem functional relationship.
Cell technologies related to critical technologies,
based on manipulation of cells outside the body, as a
result whereby the cells acquire a higher therapeutic
potential. It is assumed that cellular immunotherapy
will gain an advantage over pharmacological
treatment, since the therapeutic effect will be
manifested unnecessarily long-term treatment of
patients and the body will be “deprived” of drug
side effects. Introduced cells due to the presence
of chemotactic signals have a great opportunity to
enter the focus of damage. It is also important that
injected cells are capable of secreting a wide spectrum
factors produced at physiological concentrations and
having a regulatory effect on the functional activity
of both homeostatic systems, which is absolutely
impossible to accomplish by using a complex of
individual regulatory molecules. In addition, cellular
immunotherapy will allow to overcome the resistance
of patients currently manifested in psychiatry to the
generally accepted psychopharmacological agents.
We first demonstrated the possibility of animal
behavior directed regulation by the transplantation of
immune cells with defined functional characteristics,
including those with functional activity modulated by
a psychoactive substance, which was later confirmed
by other researchers [2, 8, 9, 10, 12, 13]. It was shown
also the ability of splenocytes with in vitro caffeine
modulated functional activity to stimulate passive
behavior in animals in a dose-dependent manner [12,
13].

Based on the previous results we investigated an
effect of in vitro caffeine-modulated immune cells on
the immune and behavior phenotypes in depressive-
like syngeneic recipients.

Materials and methods

The 3.5-4 months old (CBA x C57B1/6) F1 dep-
ressive-like male mice, weighing 25-30 g were used
as donors and recipients. Mice were obtained from

the husbandry of the Institute of Pharmacology and
Regenerative Medicine named after E.D. Goldberg,
Tomsk National Research Medical Centre, Siberian
Branch of the Russian Academy of Sciences). The
animals were housed on a standard diet, with drinking
water ad libitum, as well as under normal light
conditions in cages of 10 mice/cage for at least 2 weeks
prior to experiments. The experiment was carried out
in accordance with the rules adopted by the European
Convention for the Protection of Vertebrate Animals
used for Experimental and Other Scientific Purposes
(Strasbourg, 1986), the rules of laboratory practice
(Order of the Ministry of Health of the Russian
Federation of June 19, 2003, No. 267).

The presence in the population of (CBA x C57Bl1/6)
F1 mice individuals with active and passive types
of behavior, representatives of which have certain
structural and functional characteristics of the nervous
and immune systems and various psychophysiological
forms of reaction to stress factors has been shown [8,
15]. Based on the above noted, homogeneous
experimental groups were formed after preliminarily
testing of all mice in the “open field” followed by
including only individuals with passive behavior
as being least resistant to stress influences [15].
Depressive-like phenotype in these mice (n = 129)
was developed by modeling repeated social defeat-
induced depression using the sensory contact model,
as was described earlier [6, 12]. Depression-like
behavior was characterized by forced swimming and
“open field” tests, and via automatic measurement
of sucrose preference in IntelliCage (fully automated
system for behavioral and cognitive phenotyping,
TSE-systems).

Immune cells for transplantation were obtained
under sterile conditions from splenocyte suspension,
modulated in vitro with caffeine and injected intra-
venously to syngeneic recipients, as was described
earlier [12]. In the control group of animals, immune
cell preparation and transplantation were carried
out under the similar experimental conditions;
the only exception was that the last were cultured
without caffeine. Behavioural pattern of depression-
like recipients 48 hours after the immune cell trans-
plantation was evaluated in the “open field” test
(locomotion, exploration and anxiety) and Porsolt
forced swimming test (depression-like behaviour)
using a modern hardware and software complex
EthoVision XT (Noldus Information Technology, The
Netherlands). Anhedonia was assessed in the sucrose
preference test based on individual consumption
of a 1% sucrose solution and water under ad libitum
conditions for 10 days in IntelliCage.

Lysates of various brain regions (hippocampus,
hypothalamus, striatum, frontal cortex) were obtained
from recipient mice by homogenisation in RPMI-
1640 medium supplemented with 0.1% Triton X-100,
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followed by centrifugation (10,000 rpm, 3 min).
Cytokine (IL-1p, 1L-2, IL-4, 1L-6, IL-10, TNFa,
IFNy) concentrations were measured in supernatants
by ELISA using relevant kits (R&D Systems, UK),
according to the manufacturer’s instructions.

Statistical data analysis was performed by using
an analytics software portfolio Statistica 10.0 for
Windows (StatSoft, Tulsa, OK, USA). Normally
distributed data with low variance were analysed using
Student’s t-test; in case of no normal distribution,
Mann—Whitney U test was applied. Results are
presented as mean (M) and standard error of the mean
(SE) (M=£SE). P < 0.05 was considered statistically
significant.

Results and discussion

Anhedonia is considered as one of the main
symptoms of major depression in humans, also being
the main sign of depression in experimental models

and estimated by decreased animal consumption of
sucrose solution. Assessing mouse behavior in Intelli
Cage allowed to find that depressive-like recipients
after the transplantation of caffeine-modulated im-
mune cells in a free choice demonstrated increased
consumption and preference of 1% sucrose solution,
as compared with the control group [11, 12].

Behavioral despair in mice is a primary screening
test forantidepressants. Forced swimmingtest revealed
in depressive-like recipients a significantly increased
mobility and high mobility time, decreased periods of
passive swimming (drift + complete immobility) with
the disappearance of complete immobility periods
in water. Differences in these indicators between
the control and experimental groups of depressive-
like recipients were recorded within 10 days after
cell transplantation and were associated with the
stimulation of neurogenesis in the hippocampus [11,
12].

TABLE 1. DEPRESSIVE-LIKE RECIPIENTS (CBA x C57BI/6) F1 BEHAVIORAL PARAMETERS IN THE OPEN FIELD TEST

(M£SD)
Horizontal activity Vertical activity
Nun!ber of crossed | Number of crossed total Rearing postures
peripheral square central square (total)
P 32428 32128 0.2:0.9
(En*g‘;’g)"e"‘a' 103.0+49.9* 0.7+2.4* 103.7+46.4* 2.93.2%

Note. Note. Control, group of mice-recipients after the transplantation of splenocytes pre-cultured without caffeine.
Experimental, group of mice-recipients after the transplantation of caffeine-treated splenocytes; testing period — 5 min;

*p <0.01, as compared to control.

TABLE 2. CYTOKINES CONTENTS IN VARIOUS BRAIN STRUCTURES IN DEPRESSIVE-LIKE RECIPIENTS (CBA x C57BI/6)
F1 AFTER THE CAFFEINE-TREATED IMMUNE CELLS TRANSPLANTATION, M£SE

Brain structures IL-1B IL-4 IL-6 IFNy IL-10 IL-2 TNFa
Hypothalamus

Control 233.5+29.8 15.5¢5.8 | 1261.0+£195.1 | 225.3+25.5 19.946.9 16.916.6 0
Experimental 124.7£18.9* 23.246.6 732.1+142.2* | 106.1+13.6* | 26.7+7.6 19.846.9
Hippocampus

Control 377.2+38.1 19.1+6.2 | 1863.0+255.3 | 352.9+38.3 5.21£1.50| 39.54¢8.9 | 10.64.1
Experimental 245.8+31.0* 33.9+7.7 815.7£150.6* | 132.6+16.3" | 26.1+7.6* | 48.8+9.8 1.0+1.0*
Frontal cortex

Control 274.5 +33.8 25.746.9 |2012.0+270.2 | 273.8+30.4 29.947.9 242424 0
Experimental 206.6+27.1 24.5+6.7 | 1992.0+268.2 98.3£12.8* | 33.348.3 46.8+3.6

Striatum

Control 70.3113.4 14.715.8 836.7+152.7 92.9+12.3 7.745.8* | 22.7+7.2 4.315.4
Experimental 57.8+12.2 13.715.7 848.9+153.9 83.3+11.3 26.047.2 31.618.1 0.045.0

Note. As for Table 1. n = 12 in each group; * p < 0.05, as compared to control (Mann-Whitney U Test).

702




2021, T. 23, No 4
2021, Vol. 23, No 4

Hmmynokomnemenmuole Kaemku 6 mepanuu denpeccuu
Immune cells in the treatment of depression

‘We have shown also that in vitro caffeine-modulated
immune cell transplantation in depressive-like recipients
caused stimulation of motor and exploratory activi-
ties in the “open field“test (Table 1). Hence, caffeine-
treated immune cell transplantation caused the be-
havioral phenotype editing, which was manifested in
the anhedonia decrease, stimulation of exploratory
behavior and motor activity in the forced swimming
test.

Scientific community widely debates about phe-
nomenon of “cytokine-induced depression”. A num-
ber of cytokines, in addition to immunological effects,
may cause symptoms of depression. Such effects are
typical for signaling molecules, providing conjugation
cascade mechanisms of inflammation and immune
response. These cytokines affect the nervous system
functional activity, being one of depression-related
pathogenic factors [1, 4, 5, 6, 7, 14]. Behavioral
changes mentioned above after the caffeine-treated
immune cell transplantation were accompanied
by decreased levels of several pro- inflammatory
cytokines (TNFa, IL-1pB, IL-6, IFNy) and increased
IL-10 in some brain structures pathogenetically
significant for depressive-like state, which indicates a
decreased neuroinflammation (Table 2).

Caffeine-treated immune cell transplantation also
led to recipient immune system functional activity
modulation expressed in stimulating the immune
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