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[FiE] b bR dsko HeLa & CRISPR/Cas9y A 7 4 % W T IL-1R1 % R 2 & & 7> HeLa itk (CR-R14)
EHW 2, TNENOMBLA S, total RNA ZiH L, ¢cDNA Z2{E# L RT-PCRIZX » TIL-1 a {5 T-IH 2B L
7o MIBBIZBIT A IL-1a B L O IL-IR1OGEHIFEH L, PEL 38 % 272 transfection |2 X DT\, & /87 BHO5EIH
1% western blot (2 X W HEFE L 720 F 72, IL-1IR1® STOP I K> @& 12 HiBIiT # 7 % 3§ A L 7z plasmid # C-R1& L
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& 25, HeLa CTIid CRRIAIZILER L C, MBBEHETOILla BAP RV EFHHL 720 vwolE), CR-RIA4IC
IL-1R1% transfection |2 & ) BHEHR S/ 24, IL-1a OMINGRIIEBREINDL ZEPPELNE o7, 22T,
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Abstract

[Purpose] IL-1a is a representative of the danger-associated molecular patterns released from damaged cells. It
transduced signals by binding to IL-1R1 on the plasma membrane of target cells. However, previous studies have
shown that IL-1R1 is mainly localized in the cell nucleus, indicating that IL-1R1 may have a previously unknown
function. In this study, I explored the unknown function of IL-1R1.

[Methods] HeLa and its derivative cell (CR-R1-4) in which IL-1R1 was deleted using the CRISPR/Cas9 system
were used. Total RNA was extracted from each cell, cDNA was prepared, and IL-1 a gene expression was observed
by RT-PCR. Forced expression of IL-1 a and IL-1R1 in cells was performed by transfection using PEI reagent, and
protein expression was confirmed by western blotting. After collecting cell lysates from the transfectants, the
concentration of IL-1 a in the samples was measured by ELISA method.

[Results] The effect of IL-1R1 deletion itself on IL-1a gene expression was examined, and it was found that IL-1
a mRNA expression was enhanced in CR-R1-4 cells compared to HeLa cells. In IL-1 a transfectants, the amount of
IL-1 a in the cell lysate of HeLa cells was lower than that of CR-R1-4 cells. On the other hand, when IL-1R1 was re-
expressed in CR-R1-4 by transfection, the intracellular degradation of IL-1 @ was enhanced. Subcellular localization
of IL-1a and IL-1R1 was observed by immunofluorescence, and it was found that IL-1a and IL-1R1 were co-
localized in vesicle-like structures dispersed in the cytoplasm.

[Conclusion] The results of this study suggest that IL-IR1 may promote intracellular degradation of IL-1a in
the cytoplasm by binding to IL-1 a intracellularly.
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danger-associated molecular patterns (DAMPs) & #Fh
9 5%V, Interleukin-la (IL-1a ) (Z4CZM 7% DAMPs ©
H Y, MHEACTHIERE (precursor: pIL-1a) & L CEE4A
ENMob, feo#EICL YIS, N- Ko
propiece (pp) IL-1a & C- % 4 fll ® mature (m) IL-1a
e s, 2095, pll-la & miL-1a lZAHAEAHIC
S E A, BRI oM - 125635 A IL-1 receptor 1
(IL-1R1) ICHEBT A EICE ) ¥ 7 F N EET 529,

IL-1R1iZ, HFEPIZ toll/IL-1 receptor (TIR) domain
HELTBHY, ILIRIOMBEAL IS, VY FTh
Lpll-la F/2ld mil-la 25635 &, ILIR3EEAL,
IL-1R1B £ OV IL-1R31j L & 7% — @ TIR domain 23#5 &
THILIZXY, YITFUPmEEND, VolT), IL-
IR2IFHMIBE MIZ TIR domain =& L 7R\W/zodH40 1) F
FCHHILlalldEBETAHILIEITETYH, VI uzeizn
FETEXWIZ &2 5 decoy receptor & ENTW5H, L7z
3o CTIL-1IR1E, IL-1a DY 7 F WMEEIZED 5T TH
575, MBRRZFRE IR S Cw 2 IL-IRIOHIE A 7% <,
TR OPUEZ: &2 L 2BIIImRD THREETH 59, Vol
9, INFTOMELS, IL-1IR1O C K2, HiBiT-tag
RETEI LI oC, MINERESEEIC LA T L
PHOE N E L 570, IREHVRZFEICLD, ILIRIA
AN TIEB O ITBIIRTET 5 2 L RIEHtd il L -
TN E R o720 2O 2L, IL-IRUZKRHMDOBERED B
HURESEERIET DD THS, £IT, AW TIEIL-
IRINZDY)H Y FTHAHpll-lallxt LT, Mg TE
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1. i

FEERIZIE, b b E EHE K O HeLa iz (HeLa)
(JCRB Mg/ x> 7, KB B X U CRISPR/Cas9 A 7 4
v HeLa l281F 4 IL-IR1% &2 L 72fig CR-R1-49
= oz WA 10% 7 2GR (fetal calf
serum; FCS), 50 u g¢/ml A b L 7 <4 ¥ >~ (Sigma-
Aldrich, St. Louis, MO, USA), 50 U/ml~* = ¥ 1) »
(Sigma-Aldrich) % ¥ L 72 Dulbecco' Modified Eagle's
Medium (Thermo Fisher Scientific, Waltham, MA,
USA) T37C, 5% COMF/AETNTHAE L, 72, e b1
JVE T T 1 Bz 9 1 R AR HSC3 (JCRB AN N> 7)) DBz
1%, 10% FCS i1 Rosewell Park Memorial Institute medium
(Thermo Fisher Scientific, Waltham, MA, USA) % H
W7z,
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2. Transfection

pIL-1a B & O IL-IR1D FE I plasmid B &£ O° IL-1R1D C
K OSTOP 2 F v E L IWCHBITY 7% i AL 72
plasmid (C-R1) % Moriyama 57 OEHLL 723 @ % Fw
720 M~ transfection &, 4% plasmid (250 ng) & 7K
) F Ly A3y E# (1 mg/ml, Thermo Fisher
Scientific, Waltham, MA, USA) 1 u 1l %ML, ERET
30 UL 2720 b, MIIZEIN L 37T T8Ik i £ 4
L. transfection #4T- 72

3. Reverse transcriptase-polymerase chain reaction
(RT-PCR)

Y 2 & o RNA #ii i (X, RNeasy mini kit (Qiagen,
Hilden, Germany) % f \» 72 complementary DNA I,
Superscript 11 W55 R (Thermo Fisher) # H\WTH&
W, L 7o PCRIZ, CFX 96 real-time system (Bio-Rad,
Hercules, CA, USA) T TB Green Premix Ex Taq II (¥
B TNA K, BE) EHWTTo 7. RIFFETHER L
plLl-la 794 ~—BHIZLLTFTDEBY TH D (forward
5-CAA GCC TAG GTC AGC ACC TT -3 reverse 5-ATG
TAA TGC AGC AGC CGT GA-3),

"Bon/zPCREWZ, BibzFT 74 (05 u g/ml)
TIN12% 7 A8 — A7 Ve v 75 0kE CRE L,
iBright1500 (Thermo Fisher Scientific) 2 X » TH# L
7o FWIEMET Y P — )L e LTS -actin (forward 5-
CAA CAT TGG CAA TGA GCG GTT C-3 reverse 5-
AGG TCT TTG CGG ATG TCC ACG T-3) & Hw7z,

4 . Enzyme-linked immunosorbent assay (ELISA) 12X
AHIL-1a DER
FNENOMNL (5 x10* cell/24-well plate) % 4EFH L,
185 ] 2 12 transfection % 1T 5 720 & D 22405 5552 |,
MR 2 [N L 720 3O iErR (16900 g, 1 43[H)
D EEH oILla & E % ELISA kit (BioLegend San
Diego, CA, USA) #HWCTllEE L7z,

5. SaEHOLY

CR-R1-4 (5x104 cell/ well) %24 well 7L — MZAN
7z cover slip (IE#Z10 mm, ~ >+ 3, HED) FICHEH L,
FFELOE Y transfectant & ¥ L 72 transfectant 1) >
Pk il A= PR ATV UK (phosphate-buffered saline; PBS) Tk
L, 4% /%7K NVLTINVT e FTRHEEL, 1% triton
X-1004LPE % %27 T 1047 M permeabilization L 72212, 1%
7 MET VT 2 v (bovine serum albumin; BSA) N
PBS (1% BSA-PBS) T7 U&7 %4ro72, Mg
®121E, ~ v APTHIBIT $ifk (X 1004, PROMEGA,
Madison, WI, USA) B L O"7 ¥ FHit b IL-1a itk (x
10075 R, Proteintech, Rosemont, IL, USA) % 1% BSA-



IL-IRIOANEN TL-1 a D52 DT

HSC3 CR-R1-4  Hela
1 CRRI4IZBI A IL-1 a DIEBIHEGH

Positive control T& % HSC3, CR-R1-4# &£ UF HeLa 7* & total RNA
i L, cDNA /E##, PCRIZX D IL-1a mRNA D38 % fE72
L7zo PCR #EWa =570~ A FifINL2% 7 78 — A7 VESIKE)
XD EB L, IL-la (147 bp) B &£ Uinternal control T& % f
-actin (134 bp) DN FOMM 1T 720 WAz L7z 3 MO EE:% 1T
W, AR KEIFT R R L7,

PBS TAM L, =X CUBMIG X7z, 2RPifhke L
T FITC kv FPu~ 7 A IgG Pufk (x10047R, Proteintech)
F 7213 RITC 5 Fhur - FHifk (x 100778, Proteintech)
vy, G LS T 1R UG 28720 & 512 PBS TRk
#, DAPIL-Fluoromount-G (Southern Biotech, Birmingham,
AL USA) #HWTATA FA T AIZHA L, BB LY
WROWFNZ, F— VA 7 ratimEE (BZ-X810, F—
IR, RO &AL,

6. Western blot (WB)

Transfectant % PBS T 2 [l¥ki L7214, 100 u 1 DML
% % W (50 mM Tris-HCL pH 7.5, 150 mM NaCl, 0.5%
Triton X-100) = HWCTHEM LY > T s Uiz, By~
7 v %12% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) % i\ CEA WK E L 720
WB & Hanayama 5 @ F 8 (20 - TIT o 720 — RPUIE
&£ LT, ¥ APLHIBIT #itfk (PROMEGA, Madison, WI,
USA) % 1% BSA-PBS THAHM (x1,000) L, ZERT1E
MBS & 872, 2PUIA & L T, horseradish peroxidase
(HRP) kv FHi~ v A IgG (H+L) #Hifk (x 50007
R, Jackson ImmunoResearch, West Grove, PA, USA)
W, EIRTIREMBL S ¢z, WEEI Y ba—)Lic
1% Glyceraldehyde-3-phosphate dehydrogenase (GAPDH)
M7z 1LIRPUA L LTy ¥tk b GAPDH #Ufk (x
10,0004 R, Proteintech) 3 X 082 %k#fifk & L T HRP 1%
W FPLT HF 1gG (H+L) Bk (x6,000758, Jackson
ImmunoResearch) % ffiff L 72,

7. #Er

7 — & OIEH % Kolmogorov-Smirnov M, S5k
% FWE CHERE L 720 IL-1 a OREERAYSSHZLIE t E %
AT, IL-1a OFMABAG O L IL-1IRIFEHIZ L 2
IL-1 a DAL RMEEE 1X Wilcoxon rank sum 7€ %
WTHBEZME L, p<00BbxHEED) & Lize T
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24 4I8 7.2 gls
(R§FH])

2 Transgene HI3# IL-1 a DRI AYFEEZAL

HeLa (2 IL-1 a % transfection L, 24, 48, 72 3 X UN96HF[H %12,
transfectant O A Z UL 720 MIBEBR T O IL-1 a %%
ELISA |2 X Y #ll58 L 725 Transfection 24FF[H £ D %#100% & L
T, HHEFM D& %515 L 72o Transfection EEk % 5 [T\, FY
it £ R R A 2 7R L72e % p < 005

RTCOT—F I TFIGMHE = FEERFRE TR L7,
w R

1. CR-RI4IZBIT S pIL-1 a HIn T3 O LA

M1z, IL-1R1% K& & 472 CR-R14IZB W T, pIL-1
a DBLETFHBUEALDY D % 02K H, PCRIZ & > THES
L7z0 ZO#EH, positive control T 5 HSC3IZB W T
B 722 147bp D /N > FEBIM T E 720124 L, HeLa Tl
NY FIEMEBTE LD o70 WolE), CRRIATIZ,
HSC3& Ib#E L THIUIFHAY, N FEBT 52 &8
T&72 (K1)s SHIZELISAIZL D ¥ Y7L N)L
TOEBIZOVWTHHERLAL A, CRRI4B LU
HeLa & B2 pIL-la BHEFERT A LN TELh o720

2. Transgene H® pIL-1 a 38BZ1L

DX, ILIR1IOREDS, MW TO pIL-1a 732 E
DI REEREITIPREATALIILAHNE LT,
transfection (2 & - Ciifl| 5 H & & 72 pIL-1 @ DFEFRFNY 72
FEZALIZOWTRES L 720 Transfection 245 ## (Z#ife
W R IR S N opllla & 2100% & L 72 B
transfection 48WF[] #2121, FEEHEOWMAIZ R S 28,
WETAIC A BT A o 720 F 72, transfection 72[F[ %
WIEREBPFELIET I A2EACH 72 (K2), F72,
Z OfEM X HeLa & CR-RIAW & 2B W TEALA D -
2o 2 O Z & H 5, transfection 488F [ LI B @
transfectant (2 3517 % pIL-1 a MR 5B IS5 2 % IL-
IRIOFEZBIZOVWTHET A L & L7

3. IL-1R1C & % pIL-1 a AUHS N 45 i 78 5
HeLa 8 & " CR-R1-4IZ pIL-1a % transfection L, 48
55 3814 12 actinomycin D OFFAE T £ 72 13IEFFEHET T3
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K3 IL-1a OMBENGEO L

HeLa (£X) BXUCRRI4 (M) 1Z1L-1a % transfection L, 48[ {%12 actinomycin D (14 g/ml) FEFET (=) BLOHFET (+) T
SHEMIRGEE L 720 A) REEBOMIERET O IL-1 a % ELISA 12 & D #l%E L7zs MAL L7236 % 6 ATV, P £ EEHEREEIC X )RR 2R
L7z % p <005 ns AEEZZL

B) A) EKRICHIFE 2 WUEL L, B L 2z M0 797 % 12% SDS-PAGE (2 & 1) BB L 72 Western blot (21&, 1 &kPUAE LCTo 4 FHe F IL-la
PUE (X 1,000 ) %, 2kPUE L LC HRP kY FH07 4 F 1gG Pufk (x5000/4F) % Fv 7z, F8fhix ECL substrate(BioRad) & V72, 4t
L7 ERE 4 AT, REM LT -5 ZR LT,

% Z T, CRRI14IZIL-1R1% transfection 3 % Z & |

120 u £ o T, pll-la ®5fH Hela L )V |Z i“([ﬁ]@?‘é?ﬁ*
g 10 GhWEF L7202 O, ILIR1Z CRRIAICEB S 42
[ﬂ\lﬂg{ 80 r ZLi2& o7, pIL-la D45 f#lE, pcDNA transfectant @
3 60 620% F TIET L, HeLa lZBIF 250 F TIZIZES o
='r_l>_ 40 T DHREH RN EN K T 2R L7z (K4),

20 r

0 4. IL-1R1 & pIL-1 a DM ETE
pcDNA IL-1R1 UEofEFE,»e, pll-la & IL-1R1% transfection L 7

4 ILARIZEBUC & 2 IL-1 o OIS e CRRI4IZH W Tpll-la & ILIRIAHI &L T 5 &2
CRRI4IZIL-1a & 3612, peDNA (&, 2> hu—)) %7213 1L K INTzo £ 2T, W ORE D% HEE LS
IR1 (f7) % transfection L7zo [X3 & FARIZALERE L, HIHE 7+ @ WX o TS L7z MSIZR L7728, pll-la & IL-
D Il-1a (}%F{‘% ELIiA iz Jij) W5E L7z A7 L 72 7 MO FEEROF IR LIEHERS R 4R 12 38 L CRAES 2 /R EW - B C
FEREREE DRSS, =200 SR L 720 MEDZ L5, ILRUSHIRLE A C pIL 1
R L, MIBRE MO pll-1a & % ELISA |2 X 0 ill%E a AL, pIL-1a OMINLE PN % REE L T\ A TTHE
L7zc 20455, HeLa TILARUILHETA679 £ 2729 pg/ PEATRIE S N7,
ml &V, actinomycin D L TIX186.1 + 96.1 pg/ml T
Hote (M3)e wolE), CRRIATH, FLMET 5 =
4131 * 1506 pg/ml, ALFEEET3359 + 936 pg/ml =7~ L IL-1IR1® C EK i lZ HiBiT-tag # i AT 5 2 & I2 & - C,
726 2O ENH, CRRIATIE, ‘ﬂHH@,WpILla@ i PR D T & b X TIL-1R1O B 3% B 12 5
2%, HeLa lICHHB L TRHETH L Z ENHL NI o 72 5720, ZTw W T- 72 IL-IR1OAMBE N BT %
(B13)s INFTOBE S, ILARUIBH ICHKICBET S Lot
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IL-1R1

X5 CR-RI-4IZ
CR-R1-412
WY 2R Lize ML L 723

BT 5 IL-1a & IL1IRIO LT

M DOEBRORFRIFERZ R L T2,

Ho2EZLRoTWAD, /2, ILIRLICIE, ¥ 7 FIvinE
WCHBE TIR KAAL YOMFHET L5012z, Boxl, 2,
3 LV )RR 2SI A AN T B T EFRE E L Tw

HOW, FLTINS FAAL VZIEERDPSHE S hTw

. BRBATY 7 OVETNZEML L 72T R BRECA SR
ﬁbfb\éo NS OFEFEIL, AWTEE BT LHOCTE
PR E 72 5 72,

M2 HeLa & CR-R1412BT 5 IL-1 a D FEH & DE W
ZOWTHET L72& 2%, CRRIAIZBWTIE mRNA L
NNV TIL-la ODFEBPHEHRI N TNDE LWL E
hole TOREIL ILIRIAILla Mz EIZT 2 b

O— )V L TWAHREMEEZRT LD TH o745, IL-IRIAH
BFHEBCHFEGTLLEIMEHFEIINETIZRL, ZDX
7 = X BN TG ERE § 2 LED D 5o

WolF), IL-1a ORI EIZEE S 2 IL-IRIDORHRIC
DWTHETAZEEHMWE LT, HeLlaB L U CR-R14
IZB1T % transgene KR D IL-1 a FEH DOFERFIZALIZ DOV
THEF U720 ZO#EE, transfection 24K FIZIEH L X
NOE =7 HH Y, A8 t: E TIXAFED LN H3ERE S
NLEZEDPHONE o720 LOLEDOR, EEERAT S
fEMZ V), transfection 48H [ £ O I 5T mRNA ~®
#zB % actinomycin D |2 & » THW§ 5 = &2 T, #fa
WNILla 0 f#E 2 B LSS LI L2 22T,
HeLa 8 & OF CR-R14IZ pIL-1 a % transfection L, & 512
actinomycin D Z/EH &8 T IL-1 ¢ OMIEPI5 % g L
720 $ 5 &, HelLa Tl actinomycin DEHIZ, FlgE
WIL-1a DEELZWVHPHERTE 720126 LT, CR-R14

TIEILla DML EHERT LI ENTERD 572, Vol
9, CR-RI1-4|ZIL-1R1% transfection 3 5 Z &2 & - C,
BB IL-1 a REDSEA T 5 ERHENE o720 2D
C L IL-IRIASMINEIC BT % IL-1a 532 RAE L TV 5B
TREME A RIET LD TH o7z, FiRD IL-1a mRNA %
BB 2 M5 T, IL-ARL A5 IL-1 a O #1588 % #iii]
LTCWALHREEENH ), T ORBEITIL-IRIZSIL-1a D54
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nucleus

IL-1a & IL-1R % co-transfection L, SRIEE Yl £ 0 W5 T OMILNBEZ IS L 7zo KENEH 5T 25354 L 72 g N o /N gtk

[T B L VI REREFE CHAREERTHDOTHD &
Z2hs Tabb, ILIRUIFMIEA O IL-1 a = % #i$ %
WEEHTLETFHEEIND,

FIT, EOBBANZALIZE 5> TIL-la DB ZW
fil9 0% W~570, HeLallpll-la B & O'IL-1R1%
co-transfection L, ZNENOHMILARFEIZ DWW THETL
72l A, MBS GBI L CTRIET A /Na kg
WZBWCHBEST L2 D720 —fRBYIZ, MBS

T%&//\?*”*“ﬁ&pi TaTT )= LR LT — b
TV =RTAY FO=)VENTWEY, ZDHL, Ju
TT YV —LAHEHTH S MGI2EEH S 7-FEE Tl
IL-IR1DFEBURIE A S22 N C &2 T E TOFEER

THEEELTBY, AHZALEAHTH L, 72, IL14
mRNA O ZEMIZEG T 5B D& LT, tristetraprolin

(TTP) Lt WIH BT FOHEI M SN TBY, TTP
knockout cell @ v 723 B CTlx, IL-1R1 £ mRNA O %
FEPEIZAT S ZLIERBO ST, Fiko &9 I,
plL-la & IL-IRIZSHFET HMBA T > /S— X 2 b
[[5E1E, TL-IRIDBEFEMIICIZAT R b DL # 2 Tw
%o

¥

AWFFECTid, Hela B L ' CRR14% HW T IL-IR1D K

HOBEBRIZOWTHGET L, DT o572

1. CRRI4IZ B WwW T, HeLa &k b ¥ L C, IL-1a
mRNA OFEBIASETR S LTz,

2. Hela B X U8 CR-RI14lZ 3\ T 12 transgene 1 %
IL-1a 68L&, transfection 24HFfHZICE— 27 058 1),
A8EFHIfE F CIRAS DO L NV S, 20k, B
eI 3 BT H > 720

3. Hela Ti&, IL-1a & actinomycin D 1EH £ 3 E: [ T
308% - CHME S 7275, CRRIATIE, pll-la ®
IR I 7 LNV O R IZ R H e
"oz,



4. CR-R1-4\Z IL-1R1% transfection 5% &, pIL-la D%
fE ISR L 720

5. SEEEHEICT pll-la & IL-1R1E, FlI0 R 4R dE
B L CHEET 5/ MaRigEwIZ B TRBIEL T
720

PLEX Y, IL-IRID & pIL-1 a OS5I G- L Twv
HZENHLENERY, ILIRIATIL-1 a D43fR%E 4 LT,
FIEAXBAIZT Y PE— )V L TWAB I REEDRIE S 7z,

RIFFEDOHERENZ B 72 1), HAKEEBGEE ISR 48 11 e
KGR #8%, HARKF DRSS R EHRERB L O
TR DEREZ TRV /2720 e, S OICER R DR OB &
T 5,

AT LT, BRI NSRS L v,
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