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Momusayus u yenv: Cuptyun 1 (SIRT1) — HAJI+/HAJI®H-3aBucumMas neanerniasa,
Y4YacTBYIOIIAsl B MOAYJIALIMM JIMIIOT€HE3a U JIMIOJIN3a, OMOreHe3a MUTOXOHAPHUM uepes
PEryJsIHI0 aKTUBHOCTH TPaHCKpUNIMOHHBIX (hakTopoB PGC-1a, PPAR-a u PPAR-y.
SIRT1 MHOTrOKpaTHO paccMaTpUBaics B KOHTEKCTe MeTaboinnyeckoro cuaapoma (MC),
HO ero m3ogopmbl npakTrndeckun He u3ydeHsl [1]. M3odopmer SIRT1 obpasyrorcs B
pe3ynpTaTe ajdbTepHaTHBHOTO ciuaiicmara: m3odopma 1 (V1) mmeer mBa saepHBIX
CUTHaJIa JoKanuzauuu, nBe Apyrue u3odopmbl (V2 um V3) pacmonaraiorcst B
nuTorDiazMe. Takum o0pa3oM, yervio NaHHOW padOTH SBUIIOCH OMOMH(OpMAaTHIECKOe
npenckazanne B3anMoaencTBuil m3odopm SIRT1 ¢ TpaHCKpUTIIMOHHBEIMA (haKTOpaMHU
PGC-la, PPAR-a, PPAR-y, u3ydenue ypoBHs skcrpeccuu u3opopMm SIRT1 wu
MEePEYHCIICHHBIX TPAHCKPUTIIIMOHHBIX (PaKTOPOB B NeueHH y nanueHToB ¢ MC.
Memoowr u aneopummel: benok-0enkoBble B3aUMOACHCTBUSA OBIIM INPENCKa3aHbl C
nmoMmoIipto  mHCTpymenta PEPPl  [2].  Hcmonb3oBainch  aMHHOKHCIOTHBIC
nocnenoBatenbrocty U3 UniProt: SIRT1 V1 (Q96EB6), SIRT1 V2 (E9PC49), SIRT1
V3 (B0QZ35), PGC-1a (Q9UBK?2), PPAR-a. (Q07869), PPAR-y (P37231) [3].

beumm mccrnenoBansl OmomnTaThl medeHH OT 63 JOHOpPOB (cpemHuii Bo3pacT = 45 +
+ 8.48 roza, 40 >xeHIIWH U 23 MYy>KYHMHBI), KOTOpPbIE OBLUTH pa3/eNieHbl Ha IBE TPYIIIIbI:
1) xontponbHas rpynma (cpeanee sHauenune UMT = 19.8 + 1.4 kr/m?, 6 >KeHIUUH,
8 Mmyxunn); 2) mammentsl ¢ MC (cpennee 3nmadenne MMT = 443 + 12.3 kr/m?,
34 >xeHIUHBI, 15 MYX4WH), KpUTEPUH BKIIOUEHHS: MUHUMYM JiBa kKomnoHenta MC B
aHaMHe3e W KpoMe TOT0, TOIIAKOBas TIIOKO3a B KPOBH >5.5 MMOIB/I W WHIEKC
aTepOreHHOCTH >3. YPOBEHb HKCIPECCHM TICHOB HMHTEpeca H3yYald C IIOMOIIBIO
konmuectBennoi OT-TIIP ¢ ucmons3oannem SYBR Green (Evrogen, Poccus).
Peszynomamur: bouno mpenckazano, uro Bce 3 u3odopmbl SIRT1 cBs3biBaloTCS C
TpaHCKpUIIMOHHBIM (akTopoM PPAR-0. B T0 ke Bpemst V2 u V3 ceszsiBatorcs ¢ PGC-
lo, PPAR-y (Ta6m. 1).

Ta6auua 1. buonndopmaruueckuii U HIKCIEPUMEHTAIbHBIA aHaIN3 B3aUMOJIEHCTBHA H30(OpM
SIRT1 ¢ TpaHCKpUNIMOHHBIMU (aKTOpaMH; 3eJCHbIM IIBETOM OTMEYEHBI B3aHMMOJCHUCTBHS,
KOTOpBIE MTOITBEPKIAIOTCS Ha ypoBHe 3kcnpeccun MPHK

benoxk- CT! Koppe- KoaddumueHT koppesiu
OeJIKOBbIE TSN Crupmena (1)

B3aHUMO- SIRT1 | SIRT1 | SIRT1 | ypoBuedr | SIRT1 | SIRT1 | SIRT1 | SIRT1
JIEHCTBHS V1 V2 V3 MPHK obumi | V1 V2 V3

PGC-1a 0.029 | 0.738 |0.882 | PGC-1¢ | 0.437" |0.307 | 0.613" | 0.717"
PPAR-a 0.642 | 0.963 | 0.953 [ PPAR-a¢ | 0.216 0.357" | 0.630" | 0.403
PPAR-y 0.096 | 0.942 | 0954 |[PPAR-y [0.081 0.190 | 0.400 | 0.333

1 CT - nokasatesnb BepoSTHOCTH OETOK-GEKOBOTO B3aUMO/IEHCTBHS, OCHOBAHHBIM HA MAIIMHHOM
o0ydenun. Yem Ommxe CT k 1, TeM Bblle BepoaTHOCTh B3aumoeicTust; * P < 0.05
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Ha ypoBue skcmpeccun MPHK Opii oOHapy)keHBI MOJIOXKHUTENbHBIE B3aUMOCBS3U
(p < 0.05) mexny PGC-la u V2; PGC-la u V3, uro coriacyercsi ¢ JaHHBIMH
onomHpopmaTraeckoro ananm3a. OmHako OemoK-OeIKOBBIE B3aWMOJEUCTBHUS MEXKIY
PPAR-a n muromnasmensbsiMu m3odopmamu V2 u V3 monarBepKaaroTcs Ha YpOBHE
skcnpeccun MPHK wactnuno: PPAR-¢ monmoxxutensHo B3aumocssizad ¢ V1 u V2, Ho He
V3. Beuto mnpenackazano B3ammoneiictBue Mmexnay PPAR-y u V2, V3, omnako
MOJIOXKUTENBHBIX Koppensiiuid  Mexay PPAR-y u wmszopopmamu SIRT1 B xoze
WCCJICIOBAHUS BBIABICHO HE ObuTo. CTOMT OTMETHTh, uTOo Mexay SIRT1 obmum —
kaHoHnueckoit opmoit SIRT1 — He ObLTO OOHAPYKEHO MOTOKUTENBEHON KOPPENALUH C
MPHK PPAR-a. 13 aTOTO CiiefyeT, 4To u3ydeHne TOJIbKO KaHoHu4eckon ¢popmbr SIRTL
HEJ0CTaTOYHO (CM. TaouI. 1).

CootHomrenue yposueit MPHK uzodopm SIRT1 craructudecku He pazinyanoch MExXIy
rpymmnamu 60sbHBIX MC 1 310pOBBIX JOHOPOB (pHc. 1, a). 13 Bcex nzodopm Tonsko V3
Oputa moBeImIeHa B TiedeHH OombHBEIX MC (cM. puc. 1, 6). Hecmotpst Ha cTabmisHYIO
JKcIpeccuro pe)epeHCHOro TeHa, y 16 1oHopoB, BHe 3aBucUMOCcTH 0T IMT, He ObLIO
oOHapyxkeHo skcnpeccur kak SIRT1 oGmero, Tak u ero u3odopm. Y HATH TOHOPOB B
obewnx rpymmax Obuta oOHapykeHa nuckoHaapTHas skcrpeccus SIRTL: gerektuposancs
obmmit SIRT1, HO He ero u30¢hopMBbIL.

a) vi , v2 |, V3 b) total v1 V2 V3
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Puc. 1. Pe3ynbraThl aHa M3a SKCIpeccuu U30()OpM B MEUYCHH: a) COOTHOIICHUE
u3opopm, U-kputepuit Manna—Yutay, (p < 0.05); 6) ypoBHu 3kcnpeccuu SIRT1
obwezo, V1, V2, V3. T-xpurepuii Yamua, (p < 0.05); * p < 0.05

Bui160o0vi: OcHOBbIBasich Ha pe3ysibTarax OMOWH(OPMATHUECKOIO aHAU3a U OLCHKE
yposas 3kcnpeccun MPHK m3odopm SIRT1 u mepeuucineHHBIX TPaHCKPUIIIMOHHBIX
(dakTOpoB, MBI IIperoaraeM, uto nzopopma V1 geaneTniaiupyeT THCTOHBI TPOMOTOPOB
PPAR-a m PPAR-y B smpe kietkd, B TO Bpems kak V2 u V3 BO3IEHCTBYIOT
HenocpeacteenHo Ha PGC-1a, PPAR-a B riuroruiasme (puc. 2) [4]. Beutu npenckazanbl
Oenok-OenkoBeie B3aumoxeicteus PPAR-y u m3odopm SIRT1, ognako Ha ypoBHE
skcnpeccun MPHK mosnoxuTensHBIX KOppesiuuii BbIIBIEHO HE ObUTO. BhIsBICHHBIE
W3MEHEHHUS! MOTYT OBITH OMOCPEIOBAaHBI KOPEPECCOPHBIM B3aMMOJICHCTBUEM MEXKIY
SIRT1 u PPAR-y: SIRT1 peanerunupyer npomotep PPAR-y, necrabunmsupys ero,
PPAR-y monaBmser oskcnpeccuto SIRT1 kak TpaHCKpUNUIMOHHBINA (akTop (cM.
puc. 2) [5].
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Puc. 2. Perymanus sxcripeccul TpaHCKPUIMIHOHHBIX (pakTopoB m3opopmamu SIRT1 B meuenn

Cootnomenue yposaeidr MPHK m3odopm SIRT1 B medeHn y KOHTPOJIBHOW TPYIIBI U
rpymmnsl ¢ MC He pa3nuyanoch, oJHako skcrpeccus V3 Obuta Beie y 6onbHbIX MC.
Takum obpazom, wuzodopmbel SIRT1 Moryr pasziumyHO MOAYIUpPOBaTH OWOTEHE3
MHUTOXOHJIPUH, JTUIOTEHE3 U JIMITOJIM3, YTO YKa3bIBAaeT Ha HEOOXOIMMOCTh JaTbHEHIITHX
HCCIIEI0OBaHMH B 3TOH 00J1acTu.

Qunancuposanue: HccnenoBanue BBINOJIHEHO TNpU  (UHAHCOBOM  MOIAEPKKE
Poccuiickoro Hayunoro ¢onaa (mpoext Ne 23-15-00061).

Splicing isoforms of SIRT1 in the liver of patients
with metabolic syndrome — expectation/reality

Gorbacheva A.M.*, Voronova S.S., Bograya M.M., Vulf M.A,, Litvinova L.S.

Immanuel Kant Baltic Federal University, Kaliningrad, Russia
* anmigorbacheva@gmail.com
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Motivation and Aim: Sirtuin 1 (SIRT1) is an NAD+/NADPH-dependent deacetylase
involved in the modulation of lipogenesis and lipolysis as well as mitochondrial
biogenesis by regulating the activity of the transcription factors PGC-1a, PPAR-o and
PPAR-y. SIRT1 has been extensively studied in context of metabolic syndrome (MetS),
but its isoforms remain largely unexplored [1]. SIRT1 isoforms are generated by
alternative splicing: isoform 1 (V1) has two nuclear localization signals, while the other
two isoforms (V2 and V3) are localized in the cytoplasm. Therefore, the aim of current
study was to perform a bioinformatic prediction of the protein-protein interactions (PPIs)
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between the SIRT1 isoforms and the transcription factors PGC-1a, PPAR-o and PPAR-
vy and to investigate the expression levels of the SIRT1 isoforms and the listed
transcription factors in the liver of patients with MetS.

Methods and Algorithms: PPIs were predicted using the PEPPI tool [2]. Amino acid
sequences were used from UniProt: SIRT1 V1 (Q96EB6), SIRT1 V2 (E9PC49), SIRT1
V3 (B0QZ35), PGC-1a (Q9UBK2), PPAR-a (Q07869), PPAR-y (P37231) [3].

Liver biopsies from 63 donors (mean age = 45 + 8.48 years, 40 women and 23 men)
were analyzed. The donors were divided into two groups: 1) control group (mean
BMI = 19.8 + 1.4 kg/m?, 6 women, 8 men); 2) patients with MetS (mean BMI = 44.3 +
+ 12.3 kg/m?, 34 women, 15 men), inclusion criteria: a history of at least two MetS
components, fasting blood glucose >5.5 mmol/L and an atherogenic index >3. The
expression level of the genes of interest was analyzed by quantitative RT-PCR using
SYBR Green (Evrogen, Russia).

Results: All three SIRTL1 isoforms were predicted to bind with the transcription factor
PPAR-a. In addition, V2 and V3 bind to PGC-1a and PPAR-y (Table 1).

At the level of mMRNA expression, positive correlations (p < 0.05) were observed
between PGC-/a and V2, PGC-Ia and V3, which is consistent with the bioinformatic
analysis data. However, PPIs between PPAR-a and cytoplasmic isoforms V2 and V3 are
partially supported at the level of MRNA expression: PPAR-a is positively correlated
with V1 and V2, but not with V3. Interactions between PPAR-y and V2, V3 were
predicted, but no positive correlations were found between PPAR-y and the SIRT1
isoforms during the study. It is worth noting that no positive correlation was found
between total SIRT1 — the canonical form of SIRT1 — and PPAR-a. This indicates that
the study of only the canonical form of SIRT1 is insufficient (Table 1).

Table 1. Bioinformatic and experimental analysis of the interaction of SIRT1 isoforms with
transcription factors; interactions confirmed at the mRNA expression level are highlighted in
green

CT! Correla- | Spearman correlation coefficient
tion of (N

PPIs SIRT1 | SIRT1 | SIRT1 MRNA SIRT1 | SIRT1 | SIRT1 | SIRT1

Vil V2 V3 e’;ﬁ)gfls obmmit | V1 V2 V3

PGC-1a | 0.029 |0.738 | 0.882 | PGC-Ia | 0.437" | 0.307 | 0.613" | 0.717"
PPAR-o | 0.642 | 0.963 | 0.953 | PPAR- | 0.216 | 0.357" | 0.630" | 0.403
a
PPAR-y |0.096 | 0.942 |0.954 [ PPAR-y | 0.081 |0.190 | 0.400 | 0.333
L CT — a machine learning based indicator for the probability of PPI. The closer CT is to 1, the
higher the probability of interaction. * p < 0.05

The ratio of MRNA levels of SIRTL1 isoforms did not differ statistically between the
groups of patients with MetS and healthy donors (Fig. 1a). Of all isoforms, only V3 was
elevated in the livers of patients with MetS (Fig. 1b). Despite the stable expression of
the reference gene, no expression of both total SIRT1 and its isoforms was detected in
16 donors, regardless of BMI. Inconsistent expression of SIRT1 was detected in
5 patients in both groups: total SIRT1 was detected, but not its isoforms.
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Fig. 1. Results of the analysis of the isoforms’ expression in the liver: a) the ratio of
isoforms, Mann-Whitney U test, (p < 0.05); b) the expression levels of total SIRT1, V1,
V2, V3. Welch’s t-test, (p < 0.05); * p-value < 0.05
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Fig. 2. Expression regulation of transcription factors by SIRT1 isoforms in the liver

Conclusion: Based on the results of bioinformatic analysis and evaluation of the mRNA
expression levels of SIRT1 isoforms and the listed transcription factors, we suggest that
isoform V1 deacetylates the histones of PPAR-a and PPAR-y promoters in the cell
nucleus, whereas V2 and V3 directly interact with PGC-1a and PPAR-a in the cytoplasm
(Fig. 2) [4]. PPIs between PPAR-y and SIRT1 isoforms were predicted, but no positive
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correlations were observed at the level of mMRNA expression. The observed changes
could be mediated by a corepressor interaction between SIRT1 and PPAR-y: SIRT1
deacetylates the PPAR-y promoter and destabilizes it, while PPAR-y represses SIRT1
expression as a transcription factor (Fig. 2) [5].

The ratio of MRNA levels of SIRTL1 isoforms in the liver did not differ between the
control group and the group with MetS. However, the expression of V3 was higher in
patients with MetS. Thus, SIRT1 isoforms may differentially modulate mitochondrial
biogenesis, lipogenesis and lipolysis, indicating the need for further research in this area.
Funding: This research was funded by the Russian Science Foundation (Project No. 23-
15-00061).
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