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Pesiome. [MporenHdocdaraza PPM1D (Protein phosphatase, Mg?"/Mn?* dependent, 1D) siBisieTcst oa-

HUMM U3 KJIIOUEBBIX PETYJISITOPOB peaKllMU Ha CTpecc, BbI3BaHHOI noBpexaeHueM JIHK, kietouHoro ukia
u arroriro3a. Cepxakcnpeccuto PPM D oO0Hapy:XUBaIOT B OOJIBIIOM KOJTMYSCTBE TUIIOB KaK COTMIHBIX (pak
JIETKUX, paK MOJIOYHOM XeJie3bl U T.1I.), TaK U TeMaTOJIOTMYECKUX (OCTPBI MUEJIOUIHbBIN JeiK03) 3JI0Kaue-
CTBEHHBIX HOBOOOpa3zoBaHuii, 4To aejaaeT PPM 1D BaxXHBIM MPOrHOCTUYECKUM MapKEePOM MPU OHKOJIOTHSIX.
Oco00e BHUMaHUE CTOUT YAEIUTh cBepxakcnpeccuu PPM 1D B konopekTaibHOM pake (KPP), apiasoomemMcs
TPETHUM TI0 PACIIPOCTPAHEHHOCTU CPEIM BCEX OHKOJOTMUECKHMX 3a00JIeBaHUI, TTOTOMY YTO JTaHHBIN ITOKa-
3aTesib KOppeJaupyeT ¢ YBEIUYSHUEM pa3Mepa OIMyXOoJv, MeTacTa3upoOBaHUEM, HEOJIAarompusTHBIM ITPOTHO-
30M BBDKMBAEMOCTU U pa3BUTHEM JIEKAPCTBEHHOI YCTOMYMBOCTHU. [Ipu 3TOM neKapCTBEHHAas Pe3UCTEHT-
HOCTb MOXET OBbITh CBg3aHa ¢ TeM, yTo PPM 1D Hanpsamyro nedochopunupyet pS3 u npyrue KOMIOHEHTHI
curHaibHOTO Tyt ATM-p53, a TakKe BBICTYITaeT B poyikd HeratuBHOTO peryisaropa NF-kB. BeposTHo, 4To
cBepxakcrnpeccuss PPM 1D B omyxoneBbix kiieTkax KPP MoxXeT mpuBOAUTL K CHMXKEHUIO CUMHTE3a BasKHBIX
NPOBOCHAIMTENbHBIX LIUTOKMHOB M Pa3BUTUI0 UMMYHOCYIIPECCUBHOIO OKPYKEHUSI OIYXOJU, YTO MOXET
3HAYUTENbHO YXYALIaTh UCX0a Tepanuu. Ha naHHbIA MOMeHT poJib PPM1D B peryisiiuu BocHajJuTeIbHO-
ro otBeTa B KPP ocraercst HemocTtaTouHO n3ydyeHHOM. Llebio maHHOTO MCClIeoBaHUs SIBIISICTCS CpaBHEHUE
adpekra xummudeckoro nHruoupoBanuss PPM 1D nyrem ucronb3oBaHUSI €ro CEJIEKTUBHOTO MHTMOUTOpA
GSK2830371 u reHetnyeckoro Hokayta PPM 1D na nunuu KPP uyenoBeka HT-29 B ycnoBusIX MHAYKLIAN
curHanbHoro nmytu NF-kB nipu o6paborke TNE B nanHoit padoTe Oblja UCIOJb30BaHa KJAETOUHAs JIUHUS
KPP uenoBeka HT-29, a Takke paHee noiydeHHbIe TMHUM HT-29 ¢ HOKayTOM M ¢ OBBIIIIEHHOI 9KCIpec-
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cueit reHa PPMID. KiieTky KyJIbTUBUPOBAIN B CTAHIAPTHBIX YCAOBUX. J1s1 TpOBEAEHUS 9KCIIEPUMEHTOB
ucnoib3oBaiu TNF B konueHtpatuu 20 Hr/mia u GSK2830371 B koHueHTpauu 10 MkKM. MHKyOupoBaHue
kinetok ¢ GSK2830371 mponsBoamiu B TedeHne cyToK U ¢ TNF B Teuenue 12 yacos. MU3MepeHre NpoOayKINU
LIMTOKMHOB OLIEHUBAIN MPU MOMOIIU MyJbTunjekcHoi TexHojsorun XMAP INTELLIFLEX, a uamepeHue
KCIIpeccuu reHoB oneHuBanu MetoaoM ITLP B peanbHoM BpemeHu. ITpu MyIbTUIIIIEKCHOM OLIEHKE YPOBHSI
CEeKpeluU LIUTOKMHOB ObUIO OOHAPYKEHO, 4YTO HU MHKYyOanus kietok ¢ GSK2830371, Hu Hokayr PPM 1D
HE MPUBOJSIT K UBMEHEHUSIM B LIMTOKMHOBOM Ipoduie 6€3 CTUMYJISIIIMU [0 CPaBHEHUIO C UHTAKTHOM KJie-
TouHOU uHuen. B ciyyae ctumynsuuu nytu NF-kB ¢ nomombio TNF u unrubuposanun PPM1D Takke
HE BBISIBJICHO 3HAUUTEIBHOTO YBEJIUUCHUS TIPOIYKIINY ITPOBOCITAIMTEILHBIX IIMTOKMHOB 1 (DAKTOPOB pOCTA.
A npu oueHke kietouHoit tuHun HT-29 co cBepxakcnpeccueit PPM 1D nipu nomoiuu ITLP B peanbHOM
BpeMeHU HaOJII0IaJI0Ch CTATUCTUYECKU 3HAYMMOeE yBeJInueHue ypoBHs skcnpeccun TNF, IL-§ w IL-1b B
oTBeT Ha 00pabdoTky TNF mo cpaBHEHMIO C JIMHUEH AUKOro TUIA, YTO HE COIIacyeTcsl C JaHHBIMU O Hera-
tuBHOI perynsauuu nytu NF-kB docdarazoit PPM1D. B pe3ynbsrare paboThl MoKa3aHO, YTO HOKAyT TeHa
PPM 1D cymecTtBeHHO He BiusUT Ha ypoBeHb IMTOKUHOB (IL-8, GM-CSF u np.), Haxomsimmxcst 1moj KOH-
TpoJieM TpaHcKpuniroHHoro dakrtopa NF-kB B cnyyae unnykiuu TNE B cpaBHeHUHU ¢ UCTIOJb30BaHUEM
cenektuBHOro nHruouropa GSK2830371. I1pu aTom moBbIlIeHHas 3Kcnpeccust PPM 1D nipuBoauiia K yBe-
JIMYEHUIO DKCTIPECCUN TEHOB MPOBOCHAIUTEIbHBIX IMTOKUHOB, TakKuX Kak IL-8, TNF, IL- 1b, npu UHAYKLIUU
nytu NF-xB ¢ momouisio TNE

Knrouesvie cnosa: konopekmanwhuiii pax, PPM1D, NF-xB, TNF, IL-8, IL-1b

PPM1D OVEREXPRESSION IS ASSOCIATED WITH
PROINFLAMMATORY CYTOKINE PROFILE IN RESPONSE TO
NF-xB ACTIVATION IN HUMAN COLORECTAL CANCER CELL
LINE
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Abstract. Protein phosphatase PPM1D (Protein phosphatase, Mg?*/Mn?* dependent, 1D) is one of the
key regulators of DNA damage-induced stress response, cell cycle and apoptosis. PPM 1D overexpression is
detected in a large number of both solid (lung cancer, breast cancer, etc.) and hematological (acute myeloid
leukemia) malignancies, making PPM1D an important prognostic marker in oncology. Special attention
should be paid to PPM 1D overexpression in colorectal cancer (CRC), the third most common oncological
disease since this index correlates with increased tumor size, metastasis, unfavorable survival prognosis, and
the development of drug resistance. Drug resistance may be associated with direct dephosphorylation of p53
and other components of the ATM-p53 signaling pathway by PPM1D, also acting as a negative regulator
of NF-«kB. It is likely that PPM 1D overexpression in CRC tumor cells may lead to a decreased synthesis of
important proinflammatory cytokines and development of an immunosuppressive tumor microenvironment,
which may significantly worsen the outcomes of therapy. At present, the role of PPM1D in regulating the
inflammatory response in CRC remains insufficiently studied. The aim of this work was to compare the effect
of chemical PPM 1D inhibition using its selective inhibitor GSK2830371 and genetic knockout of PPM1D
in the human CRC cell line HT-29 under conditions of the NF-xB signaling pathway induction with TNF
treatment. In this study, we used the HT-29 cell line, as well as earlier obtained HT-29 cell line with PPM 1D
gene knockout, and HT-29 cell line with PPM 1D overexpression. The cell lines were cultured under standard
conditions. For experiments, TNF (20 ng/mL) and GSK2830371 (10 uM) were supplied. The cell lines were
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incubated with GSK2830371 for 24 hours, and with TNF for 12 hours. Cytokine production was evaluated using
xMAP INTELLIFLEX multiplex technology, and gene expression was measured by real-time PCR. Results:
The multiplex assay of cytokine secretion levels revealed that, neither incubation of cells with GSK2830371
nor PPM 1D knockout led to changes in the cytokine profile without stimulation as compared to the intact cell
line, and did not cause a significant increase in production of pro-inflammatory cytokines and growth factors
after TNF stimulation of the NF-kB pathway. In the case of the NF-kB pathway stimulation with TNF and
PPM1D inhibition, we did not detect any significant increase in production of proinflammatory cytokines
and growth factors. When evaluating the HT-29 cell line with PPM 1D overexpression using real-time PCR,
a statistically significant increase in TNF, IL-8, and IL-1b expression was observed in response to TNF
treatment compared to the wild-type line. This finding is inconsistent with data on the negative regulation
of NF-kB pathway by PPM1D phosphatase. In general, it was shown that PPM 1D gene knockout didn’t
significantly affect the level of cytokines (IL-8, GM-CSEF, etc.) controlled by NF-«kB transcription factor
in the case of TNF induction, as compared with effects of a selective inhibitor GSK2830371. Meanwhile,
overexpression of PPM 1D was associated with increased expression of proinflammotory cytokine genes, e.g.,
IL-8, TNF, IL-1b, upon induction of the NF-kB pathway by TNF.

Keywords: colorectal cancer, PPM 1D, NF-kB, TNF, IL-8, IL-1b

PabGora BbInoiHeHA npu GUHAHCOBOI MOAAEPXK-
ke Poccwuiickoro HayyHoro ¢donma (rpant PH®
Ne 25-25-20134).

BBeneHue

IIporeundocdaraza PPMID (Protein phospha-
tase, Mg?"/Mn?" dependent, 1D) yyacTByeT B 6OJIb-
IIOM KOJIWYeCTBe (DM3UOTOTMYECKM BaXKHBIX IPO-
IIECCOB KJIETKM, TaKMX KaK peakius Ha CcTpecc,
BbI3BaHHas noBpexacHuem JAHK, perynsuus kie-
TOYHOIrO 1IMKJja, KjJeTouyHas rubenb u T.a. [8]. Ha
CEeroIHAIIHMUI JeHb MoKa3aHo, yto PPM1D moxer
BBICTYIIaTh B POJIA IIPOTOOHKOreHa [6]. CBepxaK-
npeccuto PPMI1D oGHapy:XuBaloT TIpu HelipoOa-
CTOME, paKe TMOMXKEITYI0UHOM XKeJIe3bl, JISTKUX, MO-
JIOYHOM KeJie3bl, MOUYEBOTO ITy3bIps U T.1. [6]. Takxke,
PPM 1D cBepxakcnpeccupyercst B 60-80% ciryyaes
KoJyiopektaiibHoro paka (KPP) [5, 6, 8]. IIpu stom
noBbIlIeHHas 3Kcnpeccusi PPM 1D 10n0XUTENbHO
KOppeIUpyeT ¢ pa3MepoOM OMYXOJM U C OTACIbHBI-
MU MeTacTa3aMM, B TOM 4YHCJIe B JUMdaTUIEeCKUe
y37sbl [5]. [ToMmruMo 3TOTO, MallMeHTHI C TIOBBILLIEHHOM
akcrpeccueit PPM 1D vuMeIOT MoX0il MPOTHO3 BhI-
JKMBAaeMOCTHU U PE3UCTEHTHOCTh K Teparuu, 4To Je-
naet PPM 1D BaxXHBIM MPOTHOCTUYECKUM MapKepoM
st KPP [5, 6].

KPP 3aHuMaeT TpeTbe MeCTO MO pacpoCTpaHEeH-
HOCTU CpeIM BCeX BUIOB paka, KpOME TOro, y MO-
psinka 90% malyeHTOB ¢ MeTacTa3aMM HaOJIrogaeTCst
HU3KMI 3(PEOEKT OT MPOTUBOOMYXOJIEBOM Teparnuu,
YTO CBSI3aHO B OCHOBHOM C MPUOOPETEHHOM JeKap-
CTBEHHOM pe3UCTEHTHOCTHIO [4]. OIHY U3 KITIOYEBBIX

poneit B pazButuu peducteHTHocTu KPP kx mpume-
HsSeMBbIM TIperapaTaM MOXeT urpatb reH PPMID,
TaK KaK OH CITOCOOEH Hampsamyio Jaedochoprimpo-
BaTh p53, OCHOBHOI PEryJisiTop KJI€TOUHOTO LIMKJIa U
BaXKHBII KOMIIOHEHT MYTH aIloITO3a, a TAKXKe APyTue
oenku nytu ATM-p53 [3, 7]. BaxkHO OTMETUTD, YTO
PPM 1D Ttakxke siBasieTCsl HETaTUBHBIM PEryJIsSITOPOM
NF-«B [1]. MurubupoBanue NF-«xB yepez PPM 1D
NPOUCXOIUT KaK p38-3aBUCUMBIM, TaK U HE3aBUCHU-
MbIM 00pa3oMm [1]. BeposTHO, 4TO CBEpX3KCIIpeccus
PPM 1D B onyXoJieBbIX KJIeTKaX MOXKET MPUBOAUTH K
CHIDKCHHWIO CHHTE3a BaXXKHBIX ITPOBOCHAIMTEIHBHBIX
IUTOKMHOB U Pa3BUTUIO MMMYHOCYIPECCUBHOTO
OKPYKCHMSI OIYyXOJIN, YTO MOKET 3HAUUTECIBHO YXYyI-
IIaTh UCXOJI TEPAITUH.

OTHeaIbHO CTOUT OTMETUTD MEPCIIEKTUBHBIN Tap-
retHblil niperapat GSK2830371, KoTophlil sIBISIET-
Ccs1 BBICOKOCEJIEKTUBHBIM MHruouropom PPMID,
CBSI3BIBAIOIIMUMCSI C YHUKAJIbHBIM CYOIOMEHOM,
PacHOJOKEHHBIM PSIIOM C KaTaIUTUYECKUM cali-
ToM PPMID [2]. OO6paboTka paKOBBIX KJIETOK
GSK2830371 yBenuuuBaeT (ochopuimpoBaHue
cyocrpatoB PPMI1D u BeI3BIBacT p53-3aBHUCHMOC
MHIMOMpPOBaHNE POCTa KJIETOK Pa3IMYHBIX TUIIOB
paKa, HalpuMep, B JIMHUSIX TeMOMNO3TUIECCKUX OITy-
XOJIEBBIX KJIETOK M B KJIETKaX OIMYXOJU MOJIOYHOM
XeJesnl, Hecymux 7TP53 nukoro tura [2].

B Hameit paGoTe Mbl OLEHWIM LIMTOKWHOBBIA
npocpunb kinetok KPP yenoBeka ¢ HokayToM M co
cBepxakcnpeccueil reHa PPM 1D xak B MHTaKTHOM
COCTOSTHUM, TaK U B ciaydae aktuBauuu mytu NF-«B
c nomoiubio TNE
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Kierounbie JTUHUM

B skcmepMMeHTaxX WCIIONIB30BAINA  KJICTOUYHYIO
mmanio KPP ugenmoBeka HT-29 (Kerafast, CIIIA).
Taxke, B paboTe ObLIM MCIOJb30BaHbI paHee MOoJIy-
yeHHble JuHusg HT-29 ¢ HokaytoM reHa PPMID un
nunHust HT-29 ¢ moBeiieHHOM 3Kctipeccueit PPM1D.

KiteTounble TMHMU KyJIbTUBUPOBAIU B KYJIBTY-
pamsHOI cpene DMEM (Servicebio, Kurait), comep-
xkareit 10% deranbHO ObIYbeii chiBOpoTKH (Cytiva,
CIIA), 150 mr L-rnyramuna (Thermo Fisher, CIIIA)
u 10 Mr meHUUMJJIMHA U cTpenToMuLinHa (Servicebio,
Kwurait). Knerku KyJabTMBUPOBAJIM B IJIACTUKOBBIX
¢dmackax ¢ aare3anoHHBIM ITOKpbeITHeM (Eppendorf,
Iepmanns) B CO,-unkKyo6arope (Binder, [epmanust) B
atMocdepe 5% CO, u ipu Temnepatype 37 °C.

H3mepeHne npoayKIMK IIATOKUHOB

AHaJIu3 TPOAYKIIMU LIMTOKUHOB B KYJIBTypasib-
HOM cpene OT KJIETOYHBIX JUHUM IIPOBOIWIU C UC-
MOJb30BAaHUEM  MYJBTUILIEKCHONM  TEXHOJIOTUM
XMAP INTELLIFLEX (Luminex, CIIIA) u Habopa
MILLIPLEX MAP Human Cytokine/Chemokine
Magnetic Bead Panel (Merck, CIIA) B cooTBeT-
CTBUU C MPOTOKOJIOM, PEKOMEHIOBaHHBIM ITPONU3BO-
nuteneM. st HopMaau3aluy MOTyYeHHBIX JaHHBIX
ObLII UCITOJIb30BaH Z-SCOre aHaJIu3.

WN3mepenue s3kcnpeccun reHos metoaom IIIIP B
peaibHOM BPeMeHHU

Totanenyto PHK Beiaesiv U3 KJIETOK MNpU IMO-
moimu peareHTa ExtractRNA (EBporen, Poccus) B
COOTBETCTBUMM CO CTaHIAPTHBIM ITPOTOKOJIOM IPO-
n3BoauTesst. OMHOIETOYEUYHYI0 KOMILUIEMEHTaPHYIO
JHK (xIHK) nonydanu mytemM oOpaTHOW TpaHC-
kpunuuu 1000 or PHK ¢ ncnones3oBaHueM Habopa
RT-PCR MINT (EBporen, Poccus). IILIP B pe-
aJIbHOM BpEeMEHU MPOBOAMUJIM C IOMOIIbIO peareH-
ta 5X qPCRmix-HS SYBR + LowROX (EBporeH,
Poccust) B COOTBETCTBUM C MHCTPYKILIMEH IIPOU3-
BoguTensa. JJaHHBIE HOPMHPOBAJIM Ha 3KCIIPECCUIO
reHa gomauiHero xossiiictrBa GAPDH. Pexum am-
rmduKaluy ObUT OAWHAKOB JUISI BCeX IIpaiiMe-
poB: 95 °C 5 muHyT, 40 nmukiaoB 95 °C 15 cekyHn u
60 °C 60 cexynn. Kaxnplii oOpa3sel] aHaJIM3MpOBa-
JI1 B TpeX TEXHUYCCKUX MOBTOPHOCTSIX. DKCIIpeCc-
CMIO TE€HOB aHaJIM3UpOBaId MeTrogoM 24 [lo-
clleloBaTeIbHOCTU TipaliMepoB wist reHa GAPDH
(mpsimoii: GTCTCCTCTGACTTCACCAGCG, obGpar-
HbIl: ACCACCCTGTTGCTGTAGCCAA), nnsirena TNF
(mpsimoit: CTCTTCTGCCTGCTGCACTTTG, obpar-
HBIi: ATGGGCTACAGGCTTGTCACTC), nnsairena IL-§
(pstmoit: GTTTTTGAAGAGGGCTGAGAATTC, obpat-
Helil: ATGAAGTGTTGAAGTAGATTTGCTTG) n nns

reHa IL-1b (npssmoit: AGCTACGAATCTCCGACCAC,
oopatubeiit: CGTTATCCCATGTGTCGAAGAA).

CraTucTHYeCKHIi aHAIN3

Jna cratucTuyeckoil oOpabOTKU JaHHBIX MC-
noab3oBanu nporpamMmmy GraphPad Prism 9.5. Dkc-
TIepUMeHTaIbHbIe TaHHBIC aHAIM3NPOBAIN MPU IO~
momm Tecta One-way ANOVA. Pasnuuug cuuranu
JIOCTOBEPHBIMHU ITpU * — p < 0,05, ** —p < 0,01, *** —
p <0,001, **** —p < 0,0001, ns (non-significant) —
HET pa3HUIIbI.

PesynbTaTthl 1 00CYyXaeHVe

IMpenpinymme wuccienoBaHUs IoKa3aaud, 4YTO
PPM1D sBnsieTcsi HeraTUBHBIM PEryJsSITOPOM MyTU
NF-«B n HokayT JaHHOTrO reHa IPUBOIUT K yBEIU-
YeHUIO0 BocHaJiuTeabHOro orBera [1]. B pamkax Ha-
IIETO0 MCCJAEAOBAHUSI Mbl MPOBEJIN CPABHUTEIbHBIN
aHaJIM3 XUMUYECKOro uHruobuposanuss PPM1D no-
cpeacTBoM ceneKTuBHOTO nHrnomntopa GSK2830371
U TeHeTuyeckoro Hokayra PPM 1D na nuauu KPP
yesoBeka HT-29 B ycloBUSX MHAYKIMU CUTHAb-
Horo nytu NF-kB mpu o6padorke TNE Ilo pe-
3yJIbTaTaM MYJIBTHUIUIEKCHOTO aHaanu3a LUTOKIHOB
ObLIIO OOHApPY:KEHO, UTO HU MHKYOalUsl KJIETOK C
GSK2830371, nu Hokayt PPM 1D He NpuUBOJST K 13-
MEHEHUSIM B LIUTOKMHOBOM Tpodujie 6e3 CTUMYJISI-
1LIMU TTO CPABHEHUIO C UTHTAKTHOM KJIETOYHOW JTMHUEN
(puc. 1A). Tlpeamnonaranoch, uro HokayT PPMID
nnu nHKyo6auus ¢ GSK2830371 nmpuBeneT K yBeau-
yeHuto cekpeuuu TNF-uHayLmMpoBaHHBIX BoOcrMa-
JIUTEJbHBIX LIUTOKMHOB. OgHAaKO o01ass TeHASHIIUSI
MOKa3bIBaeT, YTO HOKayT PPMID u ucrnosb30BaHUE
xumudeckoro mHruouropa GSK2830371 nHe mpwm-
BOOSAT K 3HAYMTEJIbHOMY YBEIMUYCHHUIO IIPOIYKIINU
MIPOBOCIATUTEIbHBIX IIMTOKUHOB 1 (haKTOPOB pOCTa
(puc. 1A). Panee J. Chew u coaBT. moKa3aau, 4YTO HO-
kayt PPM 1D B xierouHoit nuHuu Hela mpuBoaut
K yBenudeHmIo skcnpeccunn TNF u IL-8 B oTBeT Ha
IL-1 [1]. B nanHoMm ciiyyae HU HokayT PPM 1D, uu
nHruoupoBaHue ¢ nomoiuibio GSK2830371 He nipu-
BOAWIU K yBeJnueHuto cekpeuuu IL-8 B oTBeT Ha
TNF (puc. 1b).

IlokazaHo, ytro NF-kB sBisiercs akTuBaTopoMm
TPaAaHCKPUIMLIMMU B TOM uyucie u PPMID, 4to co3-
JlaeT TEeTJII0O HEraTUBHOM OoOpaTHOI CBSI3U, TaK Kak
PPMI1D npedochopunupyer NF-«B (puc. 2A) [1].
ITpu stom omyxonu KPP yacto cBepxskcopeccu-
pytor PPM1D [5, 6]. beina mpoBeneHa olieHKa 3KC-
MIPECCUU TeHOB IIPOBOCIAIUTEIbHBIX IIMTOKWHOB
MOJ KOHTPOJEM TPaHCKPUIILIMOHHOTO daKkTopa
NF-xB metonoMm ITLP B peanbHOM BpeMeHU Ha JIU-
Huax HT-29 nukoro Thita U co CBEpX3IKCIIpeccueit
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PucyHok 1. YpoBeHb KOHLEHTpaLMM LIUTOKUHOB B KyNbTYpanbHOW cpede OT KneTouHbIx nuHui HT-29 aukoro Tuna

1 ¢ HokayToMm PPM1D npu HopManbHbIX ycnoBusx, npu narnbuposanuu GSK2830371 u npu ux unaykuumn TNF
Mpumeyanue. A — oTHocUTENbHAsA IKCNPECCUA PA3NIMYHBIX LUTOKMHOB U (hakTOPOB pocTa B KnetoyHon nuHum HT-29 aukoro

Tuna (HT-29 wt) npu nHky6aumumn ¢ TNF (20 Hr/mn) v ¢ uHkyGauueii ¢ cenekTuBHbIM MHrIMGMTOpoM PPM1D GSK2830371 (10 mkM) 1
OTHOCUTENbHasA IKCNPECCUSA Pa3NIMYHbIX LUTOKMHOB 1 (haKTOPOB pocTa kneto4yHon nuHum HT-29 ¢ HokayTtom rena PPM1D (HT-29
PPM1DKo) npw unky6auumn ¢ TNF (20 vr/mn). Wnkybaumio ¢ GSK2830371 nponssoaunu B TeueHme cytok. UHkyGuposaHme knetok ¢ TNF
npovssoanny B TeyeHune 12 yacos. [laHHble HOPManNU30BaHbI U NPeAcTaBneHbI B BUAE Z-0LeHOK. b — KoHLeHTpauus umtokuHa IL-8 (nr/
mn). CtaTucTMyecknin aHanm3 nposeaeH ¢ nomoubio One-way ANOVA Tecta; * - p < 0,05, **** - p < 0,0001, ns (non-significant) - et

Pa3HuLbI.

Figure 1. Cytokine concentration levels in culture medium from wild-type and PPM1D knockout HT-29 cell lines under normal
conditions, upon inhibition with GSK2830371, and upon their induction by TNF

Note. A, relative expression of various cytokines and growth factors in the wild-type HT-29 cell line (HT-29 wt) during incubation with TNF

(20 ng/mL) and with the selective PPM1D inhibitor GSK2830371 (10 uM), and relative expression of various cytokines and growth factors in the
PPM1D gene knockout HT-29 cell line (HT-29 PPM1DKo) during incubation with TNF (20 ng/mL). Incubation with GSK2830371 was performed for
24 hours. Incubation of cells with TNF was carried out for 12 hours. Data are normalized and presented as Z-scores. B, IL-8 cytokine concentration
(pg/mL). Statistical analysis was performed using the One-way ANOVA test; *, p < 0.05, ***, p < 0.0001, ns (non-significant) — no difference.

PPM1D. JlanHble TUHUM UHKyOupoBanuch ¢ TNF B
KoHIeHTpaumu 20 HT/MJI B TedeHre 3 9acoB. bruio
oOHapyeHo, 4yTo B kjeTtoyHoiu JuHuu HT-29 co
CBEPXAKCIpPECcCUei MPOUCXOIUT 3HAUUTEIbHOC YBe-
JIMYEeHNE YPOBHS 3KCITPECCUU TAKMX IMTOKMHOB, KakK
TNF, IL-8w IL-1b, no cpaBHeHU1O ¢ tuHueit HT-29
JIUKOTO TUTIA B OTBeT HA 00padboTKy TNF (puc. 2B).
OmHaKO 3TO HE COIJIaCyeTCsl C JaHHBIMU O TOM, YTO
PPMI1D gaBnsieTrcs HeraTMBHBIM DPETryJIsITOPOM YT
NF-xB [1]. IIpu atom H. Zhong 1 coaBT. TT0Ka3a-
JIY, 4TO MOBBILIEHUE YPOBHS 3Kkcnipeccun PPM 1D B
cllyyae HeWpoBOCHaJCHMsS PETUHAIBLHBIX acTPOLIM-
TOB HAaOJIIOAETCSI COBMECTHO C YBEJIMYCHUEM IKC-
npeccun MPHK mnpoBocmanuTenbHbIX LIUTOKWHOB
(TNF, IL-8, IL-6, IL-1b) [9]. JaHHBIC TUTEepPATyPHI
IPOTUBOPEYNBEI, M Hallla paboTa ITOTYePKUBACT, YTO
PPMI1D moxeT oka3bIiBaThb pa3aIndyHOE BIMSIHUE Ha
curHanbHbIl yTh NF-kB, uto TpeOyet naibHerine-

ro uzydeHusi. OcCoOEHHO aKTyaJbHBbIM 3TO SIBJISICTCS
B omyxoJieBbIX Moaeiasix KPP, roe BblcOKUiT MPOILIEHT
MalueHTOB ¢ cBepxakcrpeccueit PPM1D. T1pu stom
CTOUT OTMETUTD, YTO TaKOi1 3PPeKT MOXKET OBITH 00-
YCJIOBJIEH T€HETUYECKOI HeCTaOMIbHOCTBIO B OIYy-
XOJIEBBIX KJIETOYHBIX JIMHUSIX, L€ CBEPXIKCIIPECCHUs
WIN HOKAyT OJHOrO I'eHa MOTYT HPUBOAUTH K KOM-
TMeHCAaTOPHBIM MEeXaHU3MaM.

BbiBOAI

B pesynbrate paboThl ITOKa3aHO, YTO HOKAYT reHa
PPM1D cymecTBEeHHO He BJIMSIJI Ha YPOBEHb LIUTO-
kuHOB (IL-8, GM-CSF u ap.), HaxoosImmxcst Mo,
KOHTpOJIEM TpaHcKpuniuoHHoro ¢gakropa NF-kB B
ciaydae nHaykuuu TNFE, B cpaBHEHUHM C UCITOIb30Ba-
HUeM cejiekTuBHOro nHruouropa GSK2830371. IMpu
3TOM TOBBIIIEHHAas 2Kcnpeccuss PPM 1D npuBoanna
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PucyHok 2. OTHocuTenbHbIN ypoBeHb akcnpeccun TNF, IL-8 v IL-1b B kneTkax HT-29 gukoro TMna u co CBepxakcnpeccuen

PPM1D

Mpumeyanue. A — cxema HeraTuBHol o6paTHou cBa3u NF-xB u PPM1D (cxema apantupoBaHa u3 [7]). B — oTHOCUTENbHBI YPOBEHb
akcnpeccum TNF, IL-8 v IL-13, HoOpMUpOBaHHLIe NO reHy AomaluHero xo3ancTea GAPDH, y nunum HT-29 gukoro tuna (HT-29 wt)

1y nuuun HT-29 co ceepxakcnpeccueit PPM1D (HT-29 PPM1D). Unky6auums ¢ TNF (20 Hr/mn) npoBoaunu B TeueHne 3 4acos.
CraTucTUyeckuin aHanus nposefeH ¢ nomoubto One-way ANOVA Tecta; * - p < 0,05, **** — p < 0,0001, ns (non-significant) — HeT

pa3HuLbl.

Figure 2. Relative expression levels of TNF, IL-8 and IL-1b in wild-type and PPM1D-overexpressing HT-29 cells

Note. A, negative regulation of NF-kB and PPM1D (adapted from [7]). B, relative expression levels of TNF, IL-8 and IL-1b normalized to the
housekeeping gene GAPDH in wild-type HT-29 (HT-29 wt) and PPM1D-overexpressing HT-29 (HT-29 PPM1D) cells. Incubation with TNF

(20 ng/mL) was performed for 3 hours. Statistical analysis was performed using the One-way ANOVA test; *, p < 0.05, ****, p < 0.0001, ns (non-

significant) — no difference.

K YBEJIMYEHUIO SKCIIPECCUY T€HOB IMPOBOCHATUTEb-
HBIX IUTOKWHOB, Takux Kak IL-8, TNF, IL-1(3, npu
unaykuuu nyti NF-«B ¢ momoipsio TNE

DTO wucclienoBaHNE BBISIBUIO TAapagOKCATHHYIO
poiib PPMID B perynsauuu nytu NF-«B B nuHumn
KPP uenoseka. JlaHHBIE, MOJYyYEHHBIC Ha KJIETOY-
Hoit imHuM HT-29, mpoTuBopeyalye pe3yabsraTaM,
ONyOJIMKOBAHHBIM Ha JPYIMX KJIETOYHBIX JIMHUSIX,
MOTYT OOBSICHSITHCSI OTJIMYHBIM MATTEPHOM 3KCITpeC-
cuu npyrux docdaras cemeiictea PP2C, Kk koTopo-
My TpUHAIeXUT gaHHas docdataza, B HT-29 [1,
9]. OGHapyKeHHbII1 (PEHOTUIT MOXET MPUBOAUTH K

UMMYHOMOIyAsuu B oHKoreHe3ze KPP u TpebGyer
TaTbHEUIIIeTo n3ydeHns. XpOHNYeCKOe BOCTIAJICHIE
MIPOBOLIMPYET MAJIUTHU3ALUIO OIyXOJIM, IPU 3TOM
NpUMEHEeHNEe XUMUUYECKHUX HHruoutopos PPMID
MOXKET HUBEJIUPOBATH 3TH ITOCICACTBHUSI.

bnarogapHocTu

BripaxkaeM nckpeHHioro 6iaaromapHocth Prof. D.
Mannel (Tibingen) 3a J100€3HO NMpenOCTaBICHHbIM
pekoMOMHaHTHBIN yenoBeueckuit TNE Takxke BbI-
paxkaem 6aaromapHocth C.A. HemocnacoBy 3a 1ieH-
HBIE KOMMEHTapUH 110 TEKCTY PYKOITHCH.
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