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Momusayus u yenv. Anarnoctuka ounomnsipHoro addexruBHoro paccrpoiictsa (BAP)
SIBJISIETCSI  IOBOJIBHO TPYOHOM 3amaueit Tak kak BAP Hepemko uMeeT CXOAHYIO
KIIMHUYECKYI0 KapTHHY C JpyrUMH Tcuxudeckumu paccrpoiictBamu  (IIP), a
naboparopusie Kputepun anddepeHIMaIbHON IHarHOCTHKH OTCYTCTBYIOT [1].
CuMInToMaTvKa TUIOMaHUM MIPU YHUIIOJISIPHON JETPECCUH CO CMENIaHHBIMH YepTaMH
MMeEET CXOXKHe KIMHUYECKHE CHUMITOMBI ¢ runomanueii mpu BAP [2]. IIpu neuenun
AHTHIETIPECCAHTaMHU IPEANOIaracMoil YHMIIOJSIPHONH MAEMPECCHH CO CMEIIaHHBIMU
4epTaMu ecTh OOJIbIlIas BEPOSTHOCTh €€ TPaHCPOPMAlMK B SNH307 MaHUH WIH
runiomanuu npu BAP [3]. DTo cBA3aHO ¢ HEMOCTATOYHBIM MMOHMMAHUEM MEXaHU3MOB
natoreHe3a BAP u BBIsSBICHHE PerynsTOPHBIX OEIKOB, yUaCTBYIOIIMX B IMATOTEHE3e
BAP, B nocTyrmHOM JJisi MCTIOJIB30BaHMS B JIMATHOCTHUECKUX LENSAX OMoMaTtepuane —
CBIBOPOTKE KPOBH, HE TOJNBKO NPUONM3UT K TOHUMAHUIO TAaTOT€HETUYECKUX
MexaHu3MoB BAP, HO W momoxer B pa3pabOTKE HOBBIX METOAOB IMArHOCTHKH U
[aTOreHeTHYECKH 000CHOBAHHBIX METO/IOB Teparuu [4].

Memoowt u ancopummul: B pabote npoaHaiu3upoBaid 00pasibl CBIBOPOTKU KPOBH 59
nanueHtoB ¢ BAP (13 myxuun u 46 xeHmuH) B Bo3pacte 37 [26; 51] ner u
MPOJIODKUTENILHOCTRIO Oonesrn 7 [3; 15] smer. M3 mamnoi rpymmbl 30 HaldeHTOB
0o0paTWIIMCh B CTAllMOHAp IO MOBOAY TEKYIIEro SMH30/]a JIETKOH WM yMepeHHOH
nenpeccun (F31.3), a 29 marnumeHTOB MO MOBOAY TEKYIIEro 3MH30/a CMEIIaHHOTO
xapakrepa (F31.6). I'pynmy KoHTposst cocTaBuid 43 TICHXHYECKH M COMAaTHYECKH
3JI0POBBIX JJOOPOBOJIBLIEB, COOTBETCTBYIOMINX TOJY M BO3pacTy 0OCIeIyeMOi TpyIIe.
3a00op KpoBHM, NPOBOAWJICS JO Hauajga Tepanud. M3 naHHOW BBIOOPKM Macc-
CHEKTPOMETPUUECKOMY aHalu3y Obla MOJIBEPrHyTa CBHIBOPOTKa KpoBH 10 yenmoBek
6osbHBIX BAP 1 5 310poBeIX stui. CeiBopoTKa npu noMouu adGuHHOM Xpomarorpaduu
oumninanack ot 14 mMaxopHsix OenkoB (konmoHka Multiple Affinity Removal Column
Human 14, Agilent). Ilonyuennsie o6pasupl pazaensuin 1D snexrpodopezom B 12 %
MOJMAKpWIAMHIIHOM Tene mo wMeroay Jlemmum. Jlamee mocie TpUIICHHONM3Aa W
9KCTPAKIINH TIETITHAOB U3 Telid OBITH MOJIYYEeHBI CIEKTPhl MacC OENKOB MPH ITOMOIITH
BD2XKX/macc-criektpomerpuu ¢ ucnosb3oBanreM cucteMbl BOXKX Ultimate 3000 Nano
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LC (Thermo Scientific), coemunennoi ¢ macc-cnektpomerpom Q Exactive HF-X —
Orbitrap (Thermo Fischer Scientific) na 6aze LIKII nepenoBoii Macc-crieKTpoMeTpun
LenTtpa wucciemoBaTenbCKo HMHPPACTPYKTYphl CKOIKOBCKOTO HWHCTHUTYTa HAYKH H
TexHoJIoTui, T. MockBa. MmeHTH(HUKAINA OSIKOB MPOBOIMIACH C HCITOJIB30BAHHEM
0a3el nanHbix UniProtKB/Swiss-Prot (www.uniprot.org) u nouckoBoii Mamiael Mascot
(www.matrixscience.com). Merogaom TBepaodha3HOro HMMYyHO(DEPMEHTHOTO aHAJH3a
(MUDA) B oOpa3max CHIBOPOTKH KpOBH OONBHBIX BAP W 3m0poBBEIX JHIl OBIIO
OIPE/ICIICHO KOJMYECTBO CIeAyloUmMX OenkoB: anbda-aktuH-2 (a-SMA, a-Smooth
Muscle Actin, E01S0004 Cloud-Clone Corp., CIIA); nepmuunun (DCD, Dermcidin,
SEC896Hu Cloud-Clone Corp., CIIA); 0eg0K pOICTBEHHBI PELENTOPY
JIUMOTPOTEMHOB HU3KoH mmioTHocTu/Meranuu (Low Density Lipoprotein Receptor
Related Protein 2 (LRP2, WED101Hu Cloud-Clone Corp., USA). KomawnuectBo
MIEPEYUCIIEHHBIX OEJIKOB HM3MEPSIIN COTJACHO IPOTOKONY MPOM3BOIUTENS HaOOpOB
MDA na muoropexxumaoM puaepe Varioskan LUX (Thermo Scientific, CIIIA) ra 6a3e
OKIT «Megumuackas rernomukay (THHMIL). Cratuctudeckylo 3HAYUMOCTD
pesynbrata UDA mpoBepsuin ¢ momolisio Hemapamerpuueckoro aHanmmza ANOVA
(xpurepmit Kpackema-Yommmca) st Tpex He3aBUCHUMBIX TpYNI U Kputepus MaHHa-
VYUTHU U1 ABYX HE3aBUCUMBIX IPYIIIL.

Peszynomamui: B pe3ynbpraTe Macc-CIIEKTPOMETPHUYECKOTO aHan3a ObLJIO BBISBICHO
oxoino 1600 6enkoB B KaXxk10# uccieayeMoi rpytie. [Ipu cormocrapneHn# IpoTeOMOB y
naruedToB ¢ BAP Obit nneatudunmposan 21 nuddepeHnanbHo IKCIPEcCHpyeMbIit
MaTOreHETHYECKH 3HAaYMMBIA Oenok. JlaHHble O€JIKH SIBISIOTCS CTPYKTYPHBIMH
JJIEMEHTAaMH IHTOCKENIeTa W MEMOpPaHHBIX PEHENTOPOB, YYacTBYIOT B PETYJISAIIUU
cunte3a JJ{HK u xnerounoro nuxia, auddepeHmpoBKe HEPBHBIX KIETOK M TpoIeccax
TpPaHCIOpPTa Yepe3 KICTOYHYI MeMOpaHy. [l HeCKOJBKUX U3 BBISABICHHBIX OCIKOB
Y€ YCTaHOBJIEHO y4acTHE B NIATOT€HE3€E ICUXUUECKUX PACCTPOMCTB. [ nanbpHeero
KOJIMUYECTBEHHOTO aHalln3a OBLIIN BBIOpAaHBI TPH HanOoJiee MHTEPECHBIX Oenka: a-SMA,
DCD u LRP2. Ilpu nomoru cratuctudeckoro ananuza ANOVA (kputepuii Kpackena—
Yomnuca) ObulM OOHApPYXKCHBI CTATHCTUYECCKH 3HAUUMBIC Pas3iduds MEXIY
noarpynmaMu 00iapHBIX BAP ¢ TekylieM JenpecCHBHBIM M CMEUIAHHBIM 3IHA30/I0M, a
TaK)Ke CO 3[OPOBBIMU JIMIIaMH B cojepikannu Oenxos LRP2 (p = 0,016) u DCD (p =
0,049). Ilpu momapHOM CpaBHEHUHW HCCIENLYyEMBIX MOATPYII MPHU MOMOIIN KPUTEPHUS
ManHa—YUTHH BBISBJICHO YTO Pa3HUIA B COJEPKAHUM 3TUX OEIKOB BOSHHUKAET 33 CUET
noBsiterns yposHs LRP2 (p = 0,006) u DCD (p = 0,027) y 6ombHbIx BAP ¢ Texymem
JIETIPECCUBHBIM AIH30/I0M B CPABHEHUH CO 30pOBhIMU jturiamu. Tak aepmiuana (DCD)
aKTUBHPYET pemnapanuio HeWpPOHOB B cilydae MX MoBpexaeHus [4]. M3BectHo, 4TO
npekypcop aepmitianaa — nentus Y-P30 [5] okassiBaeT HEHPOMPOTEKTOPHOE JICHCTBIE
[6] u cocobcTBYyeT pocTy HEHPUTOB M3 HEHPOHOB-TIPEAIICCTBEHHUKOB TajlaMyca W
Mozxeuka [/]. LRP2 B cBoro ouepenp peryiupyeT pa3BUTHE U MUTPAIHIO
HEHPOHAIIBHBIX CTBOJOBBIX KJIETOK, PACMOJOXEHHBIX B JBYX KIFOYEBBIX HUIIAX
B3pPOCIIOTO OpraHW3Ma: CYOBEHTPUKYISIPHOW 30HE OOKOBBIX JKENYOYKOB M 3yOUaToit
W3BWJIMHE THIIIOKAMIIA, a TAK)KE MOXKET UTPaTh PEreHEPaTHBHYIO U IPOSKTUBHYIO POJTh
npu noBpexaeHnn HelpoHoB [9]. HecmoTps Ha To, uro ananmn3 ANOVA He BBISSBUI
CTaTHCTUYECKH 3HAUYMMBIX Pa3lIMYuil B CONEPKAHWU allb(ha-aKTHHA-2 B MCCIEAYEMBIX
MOJIIPYIIax, MPH IMOMAPHOM CPAaBHEHUH BBISBICHO 3HAYMTEIBHOE MOBBIIICHUE TOTO
Oenka y 60bHBIX BAP ¢ TekymuM cMemanHbIM 31HU30/I0M B CPABHEHUH CO 3/I0POBBIMHU
manamu  (Mann—-Whitney U Test, p = 0,0422). CymiecTByeT NpeANoIoKeHHe O
BO3MOXXHOM y4YacTHH 3Toro Oeinka B peryisiiuu mnpooauMoctu NMDA-penentopos
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[10]. Takxe U3BECTHO, YTO JICUCHHE JIUTUEM CHIDKACT yPOBHHU dKcripeccun o-SMA [11].
ITo anaMHECTHYECKUM JaHHBIM BKIIOYEHHBIE B SKCIIEPUMEHT MAI[MEHThI HE IPUHUMAIIN
JIeYeHHEe KaK MUHUMYM Ha IPOTSIKEHUH JIBYX MECSLEB [0 IIOCTYIUICHHS.

Buisoosi: ObHapyxeHHOE B JaHHOH paboTe mobienHoe coaepkanne LRP2 u DCD y
OonbHBIX BAP C Tekyliem IenpeccCHBHBIM 3MH30J0M MOXET YKa3blBaTh Ha 3aIlyCK
3alUTHBIX HEHPONPOTEKTHBBIX MEXaHU3MOB B OTBET Ha IOBPEXICHHE HEHPOHOB B
mporecce maroreHe3a BAP, ogHako HEWpPONPOTEKTHBHAS POJb JTAHHBIX OCIKOB B
natoreHe3e bAP tpebyer neranbHoro uzyuenus. HeiiponporektusHoe aeiictsue DCD
a TakKe BO3MOKHOe yuacTtre a-SMA B perynsiun npoBoanmoctd NMDA-penentopos
MTO3BOJISIET MIPEIOKHUTH JaHHBIC OCIKM B Ka9eCTBE MMOTCHIMAIBHOTO Onomapkepa AP
npu 6osnee MOAPOOHOM M3YyYSHHH HX MaToreHeTn4eckoi poiu mpu BAP.
Qunancuposarnue: Vccnenopanue nouepxkano rpanrom PH® Ne 23-75-00023.
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Motivation and Aim: Diagnosis of bipolar disorder (BD) is a rather difficult task since
BD often has a similar clinical picture with other mental disorders (MD), and laboratory
criteria for differential diagnosis are lacking [1]. The symptoms of hypomania in
unipolar depression with mixed features have similar clinical symptoms to hypomania
in bipolar disorder [2]. When treated with antidepressants for suspected unipolar
depression with mixed features, there is a high probability of its transformation into an
episode of mania or hypomania in BD [3]. This is due to insufficient understanding of
the mechanisms of BD pathogenesis. Identification of regulatory proteins involved in
the pathogenesis of BD in biomaterial available for diagnostic purposes — blood serum
—will not only bring us closer to understanding the pathogenetic mechanisms of BD, but
will also help in the development of new pathogenetically based methods of diagnosis
and therapy [4].

Methods and Algorithms: The study analyzed blood serum samples from 59 patients with
BD (13 men and 46 women) aged 37 [26; 51] years and disease duration 7 [3; 15] years.
Of this group, 30 patients visited the hospital for a current episode of mild or moderate
depression (F31.3), and 29 patients for a current mixed episode (F31.6). The control
group consisted of 43 mentally and somatically healthy volunteers corresponding to the
gender and age of the study group. Blood sampling was carried out before the start of
therapy. From this sample, the blood serum of 10 people with BD and 5 healthy
individuals was subjected to mass spectrometric analysis. The serum was purified from
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14 major proteins using affinity chromatography (Multiple Affinity Removal Column
Human 14, Agilent). The resulting samples were separated by 1D electrophoresis in a
12 % polyacrylamide gel according to the Laemmli method. Next, after trypsinolysis
and extraction of peptides from the gel, protein mass spectra were obtained by
HPLC/mass spectrometry using an Ultimate 3000 Nano LC HPLC system (Thermo
Scientific) coupled to a Q Exactive HF-X — Orbitrap mass spectrometer (Thermo Fischer
Scientific) based on the Advanced Mass Spectrometry Core Facility of Skolkovo
Institute of Science and Technology, Moscow. Protein identification was performed
using the UniProtKB/Swiss-Prot database (www.uniprot.org) and the Mascot search
engine (www.matrixscience.com). Using enzyme-linked immunosorbent assay
(ELISA), the levels of the following proteins were determined in blood serum samples
of patients with bipolar disorder and healthy individuals: Actin, aortic smooth muscle
(a-SMA, a-Smooth Muscle Actin, E01S0004 Cloud-Clone Corp., USA); dermcidin
(DCD, Dermcidin, SEC896Hu Cloud-Clone Corp., USA); Low-density lipoprotein
receptor-related protein 2 (LRP2) WED101Hu Cloud-Clone Corp., USA). The level of
the listed proteins was measured according to the protocol of the manufacturer of ELISA
kits on a multimode reader Varioskan LUX (Thermo Scientific, USA) on the basis of
the Medical Genomics Center (Tomsk National Research Medical Center of the Russian
Academy of Sciences). The statistical significance of the ELISA result was tested using
nonparametric ANOVA analysis (Kruskal-Wallis test) for three independent groups and
the Mann-Whitney test for two independent groups.

Results: As a result of mass spectrometric analysis, about 1600 proteins were identified
in each study group. Comparison of proteomes in patients with BD identified 21
differentially expressed pathogenetically significant proteins. These proteins are
structural elements of the cytoskeleton and membrane receptors; they are involved in the
regulation of DNA synthesis and the cell cycle, differentiation of nerve cells and
transport processes across the cell membrane. Several identified proteins have already
been shown to be involved in the pathogenesis of mental disorders. The three most
interesting proteins were selected for further quantitative analysis: a-SMA, DCD, and
LRP2. Using ANOVA statistical analysis (Kruskal-Wallis test), statistically significant
differences were found between the subgroups of patients with bipolar disorder with a
current depressive and mixed episode, as well as with healthy individuals in the content
of LRP2 (p = 0.016) and DCD (p = 0.049) proteins. When pairwise comparison of the
studied subgroups using the Mann-Whitney test, it was revealed that the difference in
the content of these proteins arises due to an increase in the level of LRP2 (p = 0.006)
and DCD (p = 0.027) in patients with bipolar disorder with a current depressive episode
in comparison with healthy individuals. Thus, dermcidin (DCD) activates the repair of
neurons in case of their damage [4]. It is known that the precursor of dermcidin, the Y-
P30 peptide [5], has a neuroprotective effect [6] and promotes the growth of neurites
from the precursor neurons of the thalamus and cerebellum [7]. LRP2, in turn, regulates
the development and migration of neuronal stem cells located in two key niches of the
adult body: the subventricular zone of the lateral ventricles and the dentate gyrus of the
hippocampus, and can also play a regenerative and projective role in neuronal damage
[9]. Even though ANOVA analysis did not reveal statistically significant differences in
the content of a-SMA in the studied subgroups, pairwise comparison revealed a
significant increase in this protein in patients with bipolar disorder with a current mixed
episode compared with healthy individuals (Mann—Whitney U Test, p = 0.0422). There
iS an assumption about the possible participation of this protein in the regulation of the
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conductivity of NMDA receptors [10]. Lithium treatment is also known to reduce a-
SMA expression levels [11]. According to anamnestic data, the patients included in the
experiment did not take treatment for at least 2 months before admission.

Conclusion: The increased content of LRP2 and DCD found in this work in BD patients
with a current depressive episode may indicate the launch of protective neuroprotective
mechanisms in response to neuronal damage during the pathogenesis of BD, however,
the neuroprotective role of these proteins in the pathogenesis of BD requires detailed
study. The neuroprotective effect of DCD as well as the possible involvement of a-SMA
in the regulation of NMDA receptor conductance allows us to propose these proteins as
a potential biomarker of BD with a more detailed study of their pathogenetic role in BD.
Funding: The study is supported by Grant of RSF No. 23-75-00023.
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