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Transcription factor (TF) IKAROS is one of effective target molecules in the
treatment of Multiple myeloma (MM), and Lenalidomide, an anticancer agent, promotes IKAROS protein
degradation via the ubiquitin-proteasome pathway. However, Lenalidomide treatment reduces IKAROS in
not only MM cells but also normal lymphoid progenitors, resulted in infectious diseases caused by
the reduced number of lymphoid cells. To improve the issue, we focused on our finding that a
non-histone chromatin protein PC4 stabilizes IKAROS by the ubiquitin-proteasome pathway independent
manner. We found that the expression of PC4 is induced by TF IRF4, which contributes to MM cell
proliferation. Importantly, the IRF4-mediated induction of PC4 involves IRF4 accumulation.
&Herer?re, the IRF4-PC4 axis could be an additional effective target for reducing IKAROS protein in

cells.

IKAROS PC4 IRF4



B X C—19, F—19—1, Z2—19 (Gtm)

1. WFIEBHIAE S0 DY 5

BB K1 TKAROS 13, FFRMLBETFRIR Y NT—JEKICEL D U 2 _EkeI# 21k, B M
OGBS &2 HE T 5, TF., IEMIAETH 5 2R HIEDIRE CIXHRIA AR L
75 I ROFIENTR S, DOERBEFIE IKAROS & /87 D2 B X F L Ab Rz e LT~
MBI IE THD Z ENHEL N E R o7z, LANL, IKAROS BSRED EEMEN S, Ak ~D LT
Z 3 FEREIIEEEFEDRI T T/ <, BAHM - T #IML - NK M7z EIER U 2 RERE DA b
SlEf s U, Il FIC L 2 YYE7: EOREEREIERNREIC R,

ZZC. FA7=H 1% IKAROS & fkE X — hF—PC4 (Positive coactivator 4) & ORBRMIZHE
HL7, 28X ¥ RCHEBLT 527 v~ T UMK PCA 1E, BAR TR EBLHIEH<> DNA HE{5E1E 72
CLERIEEDN B D, EHE /T LI, PC4 13aKE B Ml T TKAROS & fEA 35 Z &, TKAROS # >
RIBELREIT D ENghote, EHIT, “PC4 T L% IKAROS & X7 L E{LERE” 1%
ZRVEEREMRIC b IGE L e TS o7, 2o Z &b, ZRMEFREML XL T 2
I REEGIRFIZ “PC4 1T X D TKAROS B LMERE” & “L 7T I N2 X B TKAROS 43 fiiiss” DX
FBRNELTWD, £ 2T, “PC4 12 L D IKAROS 22 TALAERE” % PHE -9 LRI o TKAROS
BN TED, LTI REZEDL L THLHORGERIENELND EE X T,

2. Mo BE®

ARFZEIL, ZRIEEBEIEORFEIRL 77 2 FEFHT M LAY OREEZ BN E T 5,
JEEVERRICIZL 7T 2 RO X ISR RPN AAME N R AT RIZA, F O H ., AR EE
BIRICHNRREZ RS Lo L X ORWERANRMBET, V77 I REGORWERIZY >/ 8k4e
ROWINEE S BYYEZR ERFT O D, KR TITRFEEDPFH IR N Lz “PC4 1283
IKAROS Z2EALHERE” ZEEMIZ LTALAME BRI 5,

3. WO Hk

L7392 MEROIET & 72 5700 5 TPC4 o> TKAROS FE-& 6818 2 BEE) & L 7= “PC4-TKAROS
AEABLER #B%T 5,

(1) PC4-TKAROS #5 A ERROWRTE « RKEGEREELAREZ HWTGST # 7+ k PC4 & His # 7tk
I TKAROS Z 581 L . GST pull down assay 3 Z 2 WlE OFES N ERELMEEGH S, HEE
FEAEOEEIL (2) TRMAMITT 5, EERGO%E. PC4 3 LT TKAROS OFE + O fHIk /K48
¥k VERE LT GST pull down assay #3832 72\, PCA-TKAROS # B2 FnEh 0T I/ et
WAERES 5,

(2) kL E AW Te & X7 EREA ISR E « Fl 2 FEICZ R L 72 FLAG # 7' ff & |k PC4
FKEL R U AN ANRY Z— T T 5 4 PCA FEBLR 7 # — % NTEME TKAROS 3% B4 5 b |
LM BEIERK KMS12PE (@B RIFEEL &4, FLAG & 7 & W /- 6= ib e L » INAEME TKAROS @
R 2, TKAROS #5 & 12272 PCA 7 X BRTHIR A TR ET 5,

(3) {bEWDEXET & 7 - TKAROS F5 S IC M EER PCA & /X7 E T X ) BEFIR A FER) & L 723K
FEmiilb et L, BEHAXXTF MLz AT 5, Honsba®mic o0 T,
PCA-TKAROS #& &~ D 528 b EE ML ~D B 2 ]~ HIpusE Bk & ORI 217 9 .

4. BRTERR o oL
(1) PC4 IZ & % TKAROS ZZEAVIT I H DL S SE
ZC{K’T’? L7 :GST-pulldown assay ARV (kDa) ‘ B *ﬁd Long exposure
PC4-TKAROS ] 0 &5 & 0 45 18 % Fe 38 L 7=, 75— <« e
FLAG-Biotin # 7' ftt K PCA R~ ¥ — (L 50— y " IKAROS .

. Sa 50-75kD anti-IKAROS
e AL R) EREE L. ~ 7 ARE MG (0-75KDa)
X63/0 ICHHBHA LCRERB Mtk E L Short exposure
L7z, [RS8 24 H#K % Streptavidin beads 0. Be
THRIEIRRE L, PC4 & PNFEME TKAROS DIk FE: %
T AKX T ay TR, TORE, 25 — — Long exposure
FLAG-Biotin-PC4 o Pk M 12 38 & & 7= A8 20 — . D
TKAROS DPERRIZERD B o7 (K 1), 15— -
F7. BHEZEMIR 2937 R0t N R MEEBEE ant-FLAG
Pk KMSI2PE % VMo RIS BLR C b l4RIC 20 W sror exposure
PC4 & TKAROS OFEANRRBD LRI o7, = 15 — [ ot

D LMD, PC4IZ L D TKAROS ZE(LIZ M E
OFREBITEIE LN Lo T,

FLBio; FLAG-Biotin
WB; Western blot

Inpu IP

Z O, SHOFFEEZEE L, PCA S e | mcptatr
T IR OS5 TKAROS 22 EAL

D% %k LT, (1) PC4-TKAROS [l DFEA FRAT

(- =A% Ty )



(2) 55N IRF4 |2 X % PCA AT FEHIHE -
WAT L TIT7e > TWENT N6 #8855 [K 1 TRF4
\Z &K 5 PC4 DIBAR T HilRERE 2 LH L7, TRF4 13X
TEE MRS LIC AT R T, IKAROS & A A ZTERL
L C B iR s+ HE 4 Il 925 (Ochiai K. et al,
Blood Advances 2018), & b2, EEHISLE
B L7~ A BHITIE, mmﬂpm%:~b¢
% Subl BATFHEEICHES L CEMLFEE T L 2

L B 522 L7z (Cell Reports 2020), IRF4 14,
AP BEEC TIKAROS & [AIERIZTRIERIZAIA 1 D

1oL LTHETFLNATWVS,

Z 2T, 3B BEERR KMS12PE & F V7= IRF4
ChIP-sequence #2417 L. MEME (Multiple Em for
Motif Elicitation) (Z & ¥ ##& DNA & F — 7 BT
B IhoT, 5 &, IRF4A OFEAS DNA ©F — 7
ISRE (Interferon—stimulated response elements)
DEHBEE TR S (K 20), PC4 22— K795
SUBI i&f=¥fE3(Z ISRE 2 & ¢ IRFA A B — 27 %
BMELE (K 2B), 20z &b, 2RMEHEE
HAIZ BT, IRF4 1T LD SUBI & fnFi&ME(L
FIEINFET D BRI,

(3) IRF4 7 2 / ERIEAFIZ L 2 IRFA HERESIE -

IRF4 1%, ISRE EF — 72 IRF4 & L R BN ERE
T 5 2 & TS L OREMIE R T REZ IR LT
% (Ochiai et al. Immunity 2013), EEERZ &

2. EEMRSEEE L=~ 7 2 BN, SRR L 7~ IRF4 A K% LC-MS/MS

Ltk A, IRF4 7 2 BEffiz MR Lz, &561C
T BRERKRERBEA LA,

FR{EffiIL B MM 51T 5 IRFA HERETHI AN B 5-3 % WA

vt he~w 2D IRFA O 7 I/ BRI
92. 4% L &< .~ U7 ABRI CTHH &7z IRF4
TR BRIEREAL AR ETe T X R aE Ik
T hEw T ATHREFESINTWVWD, £ T,
L35 E BEERE KMS12PE T IRF4 A K2R
L (X3), LC-MS/MS B E/HTEEEIZ LY
T BREM AL Z A, B N IRF4 T
HET X VBEMfiERE L, 20206,
IRF4 ORI 7 2 7 &L e bR T 560E
M &~ o ATEMAE BRI @ L TR B
U, IRF4 @ ISRE EF — 7 ~DFERICHE T
5 AREME N R S i,

A%1%. IRF4 ORI T 2 7 BREAGPLERA OB
3 BRI AL, SUBIL & s 3 BN B 1
HIET X REMOER EZH O T 5, %
L. IRF4 |2 Xk % SUBI ¥& {5 FI1EMEAL O HE
\Z kv, PC4 BZJE DS LT IKAROS %2 R Z2EAL
S HREE O F A RETT D,

<G| H 3Tk >
Ochiai K., Kondo H., Okamura Y.,
Yui K.,

T., Nakayama K., Kinoshita K.,

bound by Tkaros/IRF4 complexes function as gene repression in plasma cell”

2018 Apr 24:;2(8) :883-894
Ochiai K., Maienschein—-Cline M.,

A.S., Klein U., Dinner A.R., Singh H.,

germinal center B and plasma cell fates by dynamical control of IRF4”

May 23;38(5):918-29

Simonetti G.,

(kDa)

250

(A) RESNTZ IRFABEEF—2

P=1e-1017 33.58%
SLAACICAAACE

P=1e-250 39.09%

LGAAACIGAAAC

AAANNGAAA

ISRE
(Interferon-stimulated response elements)

Sample 1

Sample 2

(B) PC4 #0— K9 % SUB1 EIZFLD IRF4 #EE

SUB1 gene locus
mr5:32.553‘083732*638.702
171 Sample 1

'03'Sample2
o

1004
oo -

20kb

AAACC AAA
SUB1 Efﬁ?i@ IRF4 {58 MEIsICFEET D
ISRE EF—72
(X 2) 2% EHiEM KMS12PE (2381 %
IRF4 ChIP-sequence

BT CHRAT
| JPAIA A LT 0 2 B i

IRF45//\7 AR LT, 2oZ &b, W72

EMEDN D %,
Control IgG anti-IRF4
TS ST g T eSS

- ) -
- - -
- - & < -
\
S é & FlRF4
- . o > -
- . -
- - -
- ot

(X 3) 23 RulEkR KMS12PE (28517 5

ITgarashi K.

Sciammas R.

IRF4 AW (7~ —Gen)

Shima H., Kurokochi Y., Kimura K., Funayama R., Nagashima

“Zinc finger—IRF composite elements
Blood Advances,
Chen J., Rosenthal R., Brink R., Chong

“Transcriptional regulation of
Immunity, 2013



3 3 2 3

Kyoko Ochiai, Mari Yamaoka, Amrutha Swaminathan, Hiroki Shima, Hitoshi Hiura, Mitsuyo 33(12)
Matsumoto, Daisuke Kurotaki, Jun Nakabayashi, Ryo Funayama, Keiko Nakayama, Takahiro Arima,
Tomokatsu lkawa, Tomohiko Tamura, Roger Sciammas, Philippe Bouvet, Tapas K Kundu, Kazuhiko
Igarashi

Chromatin Protein PC4 Orchestrates B Cell Differentiation by Collaborating with IKAROS and IRF4 2020

Cell Reports 108517

DOl
10.1016/j .celrep.2020.108517

Kyoko Ochiai, Hiroki Shima, Tsuyoshi lkura, Marissa C Franke, Evelyn P Sievert, Roger 2
Sciammas, Kazuhiko lgarashi

Protocol for in vitro BCR-mediated plasma cell differentiation and purification of chromatin- 2021
associated proteins

STAR protocols 100633-100600

DOl
10.1016/j .xpro.2021.100633

Kyoko Ochiai, Kazuhiko lgarashi Dec 27

Exploring novel functions of BACH2 in the acquisition of antigen-specific antibodies 2022

International immunology -

Dol
10.1093/intimm/dxac065

1 0 0

Kyoko Ochiai and Kazuhiko lgarashi

The regulation of B cell chromatin by a non-histone chromatin protein PC4 and its interacting transcription factors

2022




University of California,
Davis

JINCASR

Universite de Lyon




