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Elucidation of the mechanisms of action of the anti-rheumatic drug MTX in the_
inflammatory signaling pathway based on its target protein structure information
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Methotrexate (MTX) is currently used as the anchor drug in the treatment of
rheumatoid arthritis (RA). However, the mechanisms of action of MTX in the RA therapy are not fully
understood. We have previously identified macrophage migration inhibitory factor (MIF) as a novel
MTX-binding protein. MIF is a widely expressed pro-inflammatory cytokine that plays crucial roles in

the regulation of inflammation. MIF signal transduction is initiated by binding to CD74 and
stimulates ERK1/2 MAPK cascade, resulting in the production of various inflammatory cytokines such
as TNF-a. In this study, we report effects of MTX on the formation of MIF-CD74 complex. MD
simulations and MM-GBSA calculations with the MTX-MIF complex and the extracellular domain of CD74
structures showed the MTX binding decreased the stability of the MIF-CD74 complex. Neutron structure
of MIF reveals two hydrogen bonding networks for the MTX binding in the MIF structure.




B X C—19, F—19—1., Z—19 ({:5m)

1. SRR YW DO R

B U U~ F IR MRERER TH Y . BHEIREEIC X 5 B (AHEREREEIZ K U Quality of Life
DELWETZ 670370, FORMBEIIEETHS, BIE. A FRLEFH—F (MIX) 2
BAE ) O~ FREOE —BIRE, 7o —FKT7 v 7L LUK HWLR TS, L, MTX X
bbbl EHEEEOBRERE LT NagERE TSR (DHFR) #HET 25 2 & T, DNA &1k
AN D EERHHE PR E LT SN, T, MTX OB ) v~ FIREICEBIT 5 K
ZhAIE, DHFR (Zxbd 2 BERFEHUEH CITRBAT 2 2 E 238 L < S Il B OV & 2h S s -
EEZLNTWS, /2, MIX ZHWEE Y 7~ FIE Tld, ~T%DHEF CTRIE Mm% 0 & 0F
DRI, ZOHRTRIT UL 2D EOREND DN, T OREMFOTE LW bEA TW
2N, ZEOTES, L ORORIREEZIT O IZIE, MIX OBV v~ F kb3 2 ERERF. RITEA
DRAFEMIAT L ENEETH D, £ 2T, Fax X MX BEELBIEEZHWEZT 7 0 =7 4
sa~ 7T 7 =1L 5T, MIX OFBIER &2 2R 7 EEMORRE 1TV, BEDEEN & %
JBEEMERIET D2 LI Uiz, A TIE, TNO DX R BEMOTDO—>Th b~
77y —lEEMRIERF (MIF) ([2FH L,

MIF (%, 1XEffgi & o X7 CTH Y, L- F—= "7 1 A2k T 25 b— F A 7 —B G & flld
bz, wruryy =0T AREEEFEL, REET A ML E L THHBEET S
ZHERE Y T & LTHIBAILT WD, MIF IERIEDOWBISSIZE G- LT Y | MIF & 25K CD74 (MHC
77 A 11 BEAZESH) OfEaIcX > T, FHio ERKL/2 MAPK 4 A 77— FNEMAL$ 5 2 & T,
JESSEEE IR 70 IL-1 B DO RIEVEY A N A LV OPFEANFEE SN, RIERICHHEES S, MIF-
CD74 SBZORIERINT, B v~F, B2t ) 7~ h—T 2ED%£ < OH CREKREA
BT 522 ERNHMLNTWVWEZ b, MIF IZBEMNRIBEEN L 7> T D, ZThETIZ,
BT RIBEZRAWIZMIFOU a2 ey MEEERIL, MTX A MIF b— F X 7 —BiGMEICLE
HRERTZEERH L, SEBEMN I U X N —JIE & X BiEMmEEEITIC LD, NTX &
MIF O BE/EAEESRIZOW TSN Lz, L LN G, MTX 28 MIF & CD74 OFEAIZED
L OMREEL 5 X BD, F7- MIX 28 MIF-CD74 D 7 F IWARER 2 INEIT 5 O 0T Sz e -
TWiRmo Tz,

2. WMHEOHM

BEET Y U~ F BE CIIMIF BEOTLENRA LD Z & MIF &fs - Lt 7 v T — X k0B s
FERINEE ) v~ FOEENEEREICEET L Z ERRESNTWD Z LD, Rk &
OB D BT 31T 5 MTX OEEF L. CD74 24 L7= MIF HIIC & A > 7 F s IC 5T
HEEERIZESL &P L, MIF-CD74 EEEIEERIZ KIET MTX OEEER %2 & > /37 E [+
HAEREATIC L > THOEMZT 5 Z &, b MR MAaIZE VT, MTX 23 MIF fIIZ X - CiHE
SNDRIEMEY A N IA L OEAZNET H2EBEXE2RTONPALNITLHZEEZHBE LT,
IHIZ, MTIX OB EHLY v~ FIREEOBFEZ B L. MIF &30 5 MTX & OFE S AL,
CD74 & DABEAEFFALIZ DWW T OB ST — X 255 2 L2 A E LT, i aiEdE
RENT 24T 2 T2,

3. WDk

(1) CD74 U = EF o MED{E#Y

KIGEE LA Z ) —VEAERERE Pichia pastoris ZAWVWTC, & hHE D74 Y =)
MRORILRIER 2 1To72, Fio, D74 1 IEX VX7 ETHDZ Eob, aiEtEffEss K 2 A
VDI (sCDTA) DX N ERBFZDERE L T2, b @\ X BREN R ST sCD74
DOKRIGHE IR ZHWT, sCD74 O HE—fFR AT - 7,

(2) MTX {Z & 5 MIF-CD74 &K 5 o B2 %0 5 o> 31t
TFNNET T o AI12E D MIF & CD74 F7-1% sCD74 D & o 7 B AAEF I DWW TR
WML, 72 MX OFEETFTTCHERBEICIAF T T vt A 2470 MIF & CDT4 R &% v R0 8
RIFE EAERIC RIF T MTX OB Z AT LT-, MIX-MIF #EA1KD X #ikE s & BER o sCD74 @
NMR #%3& (PDB entry: 111E) Z Rzt EB R TIEIC I D . MTX 23 MIF-CD74 &R RRIZ I
B DWW TR LT,

(3) MIF o Fh -k A A 1 AT

MIF @ FpvE 1 B IS AT O 7= Do, KEGES OERSM 2 A7 )V —=2 7 Lz, A7 U —=
VTR LR T, EATHB LS == T, vy T T Ray
T LY MIF O RS & & VERS L7=. iBIX BL-03 (J-PARC)IZT. 1ERE L7 ilc e 745
BT7.5 BRME L, PE7REYTT — & 2472, D%, Photon Factory BL-5A (KEK) (2T, [A
UAEAIC IR T X MEBRK LT X RETT —% 2572, FEAEFT —2 & X BEFT —2 %
FAWTHEEIRNT L. MIF OB RESE 2157,



(4) fafEE i 4 V7= MIF-CD74 3 27 F AARERIT )T 5 MTX OREER)F O 24l
bk HERR AR THP-1 fiE O 553858 2 - T MIF F%IC & » TiEEE &5 ERK1/2 MAPK
A — KDY UEE{t% Western blotting (&K Y f##T L7-, ERK1/2 ®V B LIREEIZ T 5
MTX D EARTEIEIZ DU THEHT L 72,

4. WFFERRLR
(1) CD74 U 2> B F > MEDOVERL

RIGWEEIEZA L 7 —VEALEBERZ T, D74 % <

72id sCD74 V) = ey MRD X R 7 R BLR A .g“e\\)’b& @40
L. SDS-PAGE & $t CD74 Hufk% v 7= Western blotting kDa ¥ € ¥
k0, BN EREMREIT T2, TOREE, sCD74 o~ |

B LTI Sy~ D & L S R BN HER SN T 60 NE

HLOO, BHREIWMDETH -T2, 2T, sCD74 [T AR 45 -

W 7 ThHbH~)V b—AFEE X T E (MBP) 4L, '
2N BHE AT o 7=, SDS-PAGE D#h 5. WA 4y 35—

IZMBP-sCD74 D73+ BEIZ—ET DIV RRE LTz,

F7-. Western blotting (2L V., FD/N K sCD74 T 05 e

HHZEIRENTE, FI T MPREAT 74 =T 44—
nv N7 74 —bERA AR aY N T T 4 —

Z VT, MBP-sCD74 O H— k5 Z{T 72, MBP % 7 %7 15 p—
77— TR 52 L TRYBRE, sCD74 2R L7 —

(K1), F# L7 sCD74 2 AW THREX ~aitEA =7 K
NWRIEZEIT S TSR, -~V v 7 AV v F DAY kb
BNESNT-, 2O L6, sCDT4 YV arvry MED
WIEEIIRFINTWDE Z EDBRENTZ, 2, 1 X
brrv~ 777 0 —-FPLEEEE VT, SRS
WIZOWTHRE LIRSS, sCDT4 TR CE&E 2R L
TWABZ RN T2,

1. MBP BllrfzicHsd L 7=
sCD74 Uz B MED SDS-
PAGE. sCD74 @4y 1% : 15 kDa,
MBP D431 & : 43 kDa.

(2) MTX IZ &L 5 MIF-CD74 A& O BLE R B O FFH

MTX @ MIF-CD74 A MRTERICKT T A E R ZFMT 572012, v /v F—AFEAE/#IEEZ W
T MBP-sCD74 #BEL L. MIFOTFNAE T T w¥ A ZiTo0-, FDFEHE, MIF & sCD74 24
By 2 R B BEAERIIA BN o T2, ZOBMEE LT, MBP LS &H7- sCD74 &
W72, CDTA FEIENIZ BT D MIF & OFEAERALAY . MBP 12 X » CTILARAYIZREE LTV 5 AlHE
PEREZHND,

WIZ, LRI DAV MTX-MIF AR D X #Rfksaigis & BEH O sCDT4 @ NMR (2 & 5 SRS %
FAW/ZMD &2 = L—3 3 & MM-GBSA #HRIC L 0 . MTX DA A3 MIF-CD74 B A ATE k2 M IE 4
BN OWTHREF LT, ZOREE . MTX O MIF ~OFESI12 X 0 . MIF-CD74 AR DO EMEIME T
TAHZENREINT,

(3) MIF o FhE -k A A 1 AT

BIBEIZEBWT, X I H LR
WA AVEHRT 23K 225757201 Network1 Network2
X, B Y R TEDOKEIRA KT
7 b2 ONLE A G TR O A T

v

WA RS L. 7 s ARk A i 3 ProMfiiiJ}@f ‘
HILIIEBETHD, PR REE -
FEHTIC K 0 | MIF #E3EN O MTX & OFEA i
AL, CDT4 & ORI EAEFHEALIZ DWW T ¢

DOWEET — X B 15572912, MIF O K
FESLDIER Z21T 2 72,20°CTHI 1 4 A R
FERmAREIE-LZA, 2.0 m® OfE
EAELNT, ORI ET &2 R
L= Z A, HfEfiE~2.0 A oY
T2 nEbNTz, £/, AU X
MEBE LZEZ A, fERE~1.60 A&
DT =2 B 55T, PR E X -
ROBYTT =5 2 CTHAMIT Ly [ 2. 1P §plko Pk T-HESARITIC & 5 R,
MIF OREEZUIEL L (M 2). LOW g WIF #ENESF Y h T —27 DR
Ay MIF GO MTIX FE S EALEER CH [ g o B S 7= KR T/ 7 1 b o o i
% Prol fiFiZH T, Prol, HOH176, THEL R

Ile64, Metl0l DKRFEREE R Y hT—2

(Network 1) OFENBHI SN, F




72, Tyr95, Tyr36, Pro34 Mo 725 KF ARy T —2 (Network 2) DFFELBIHI S, 2
NoDKEBRES Yy BT =213, NTX O MIF ~OFEA 72 5N MTX I K D MIF OV A b A UiE
MPEOLEMEICRBWTEETHD & THRIND,

(4) fafE i 4 AV 7= MIF-CD74 3 27 F ARERIT )T 5 MTX OREER) O 24l

~ a7 7y —URRICEFEE S e N EECRMERE THP-1 fifa D B: 58 % 2 T, MIF I
Yo TIEMAL EN B ERKL/2 MAPK B A — KD U R RIC 5 2 5 MTX D% % Western blotting
WIZE VT LT, ZOREE. MTX OFRNENSEINT 512 L7 -> T, ERK1/2 MAPK 7 A7 — F®D
VBB Lz, 202 Enb, Mg L~ LZiBn T, MTX 23 MIF-CD74 ¥ 7 F VBiER %
FLET D Z EnRE T,

AW LD MIX DS MIFICHREST 5 2 & T, MIF-CD7T4 AR ORLENEZY . F0D
FER . MIF-CD74 ¥ 7 NWARIZERDIEMALNEIND Z ENRBE I N, 6, MIX 1285
MIF OH A b A AEEO L EHREOFEM A2 ST 572012, HAE, MTX-MIF &Ko diE
TR ARG AT 2 D TV D,



5 3 1 1

Matsumura, H., Faponle, AS., Hagedoorn, P-L., Tosha, T., de Visser, SP., Moenne-Loccoz, P. 231
Mechanism of substrate inhibition in cytochrome-c dependent NO reductases from denitrifying 2022
bacteria (CNORs)
Journal of Inorganic Biochemistry 111781
DOl
10.1016/j .jinorgbio.2022.111781
24
2021
Newsletter 11-15
DOl
35
2020
Newsletter 16-21
DOl
Matsumura, H., Furukawa, Y.,Nakagaki, T., Furutani, C., Osanai, S., Noguchi, K., Odaka, M., 5
Yohda, M., Ohtani, H., Michishita, Y., Kawabata, Y., Kitabayashi, A., lkeda, S., Nara, M.,
Komatsuda, A., Takahashi, N., Wakui, H.
Multiple Myeloma-Associated Ig Light Chain Crystalline Cast Nephropathy 2020
Kidney International Reports 1595-1602

DOl
10.1016/j .ekir.2020.06.026




Miyakawa, R., Sato, A., Matsuda, Y., Saito, A., Abe, F., Matsumura, H., Odaka, M., Suzuki, T., 24
Dohmae, N., Komatsuda, A., Takahashi, N., Wakui, H.

Comparative proteomic analysis of renal proteins from IgA nephropathy model mice and control 2020

mice

Clinical and Experimental Nephrology 666-679
DOl

10.1007/s10157-020-01898-5

24 1 0

Neutron crystallography of macrophage migration inhibitory factor for antiinflammatory drug design

2021

Expression and purification of the extracellular domain of HLA class Il histocompatibility antigen gamma chain, CD74

2021

Biophysical and structural characterization of Bence Jones protein associated with multiple myeloma patients

2021




Cysteine modification in macrophage migration inhibitory factor enhances local structure flexibility

2021

HLA 1 vy

73

2021

CutA

73

2021

15

2021




47

2021

47

2021

HMGB1

2020

2020




Ito, S., Matsumura, H., Odaka, M., Wakui, H.

Expression and purification of HMGB1 domains for interaction analysis with antirheumatic drugs

2020

Ezawa, T., Ishida, T., Yamada, M., Tamada, T., Wakui, H., Odaka, M., Matsumura, H.

Structural analysis of macrophage migration inhibitory factor by neutron diffraction

2020

Konno, M., Matsumura, H., Odaka, M., Wakui, H.

Heterologous expression of the human CutA in the methylotrophic yeast Pichia pastoris

2020

Nakagaki, T., Matsumura, H., Odaka, M., Wakui, H.

Interaction analysis of anti-rheumatic drugs with MIF cytokine family d-Dopachrome tautomerase

2020




Matsumura, H., Ezawa, T., Nakagaki, T., Sugishima, K., Omokawa, A., Nagatoishi, S., Tsumoto, K., Tamada, T., Kusaka, K.,
Shigeta, Y., Odaka, M., Hirokawa, M., Wakui, H.

Interaction analysis of anti-rheumatic drug methotrexate with macrophage migration inhibitory factor

2
2020

14 2020
2020

HMGB1

14 2020

2020
MIF D-Dopachrome tautomerase
14 2020

2020




14 2020

2020

(MIF-1) D-Dopachrome tautomerase(MIF-2)

46

2019

MIF

71

2019

2019

2019




TREM-1

13

2019

https://ww.gipc.akita-u.ac. jp/~biomolsci/index.html

(Kariya Yumi)

(10779002) (11401)

(Omokawa Ayumi)

(80722066) (11401)







