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Abstract: Macrophage migration inhibitory factor (MIF) is an enzyme-active pleiotropic cytokine that is
expressed in various immune cells and tumor cells. MIF plays diverse roles in inflammation and tumor
progression. It acts as a cytokine involved in immune response and inflammatory lesions. Additionally, MIF is
closely associated with tumor proliferation, metastasis, and other tumor hallmarks, exerting a multifaceted
influence on tumor occurrence and progression. MIF not only functions by being secreted into the extracellular
space as a cytokine but can also be localized within the cytoplasm and nucleus, exhibiting diverse biological
functions. As MIF in promoting tumor progression becomes increasingly recognized, MIF-based therapeutic
strategies have become a hot research topic in oncology. Here, we provide a comprehensive review of MIF with
different subcellular localization about their pro-tumoral functions. A better understanding of MIF in tumor biology
will bring broader perspectives for the development of novel MIF targeting strategies and give promising direction

for future tumor treatments.
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H 2 A0 (B1A), Hoh, MIF R G 3 T 447 6~8
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The structure of macrophage migration inhibitory factor (MIF) gene and protein. A: The structure of MIF gene and

corresponding MIF amino acid (aa) sequence. There are two functional MIF gene polymorphisms: =794 CATT repeats and —173 G/C single

nucleotide polymorphism; B: The three-dimensional crystal structure of human MIF. The protein structure model was generated by SWISS-

MODEL (http://swissmodel.expasy.org); C: Three-dimensional ribbon diagram of human MIF, revealing its homotrimeric subunit structure.

The protein structure model was generated by SWISS-MODEL (http://swissmodel.expasy.org)
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Cys (Cys-80), & AF N — N FF 5%, il ik S A A& 1 K red-
MIF #1424 oxMIF . 1 oxMIF Hi 4 ] BA 45 4 oxMIF W
T = JEARAZ OB TE A7, BH T 4% MIF #5515 538 15,
A 0 T R A R B O RS AR 2R I AR R AR
A UEHE % W1 4T oxMIF T4 5 75 T 40 M 3 T2, 0% 4
FEAH L Th RE RUE R fE 1107 oxMIF 5 redMIF £ 5
5 FERZAS T BIAN R 20 A5 45 LR T I A HE 1) MIF 245%)
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PR VR T AR, TR AT DL 4o 1E 5 20 2UR 20 i 7 AR
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FEAE . Pk, oxMIF 2y MIF () — ff Al #2 7 ) I
TUA BRAE 9 P50 R o BN VB FE VR 7 BT B
2 4yibE MIF 7E B0 B A A1 A
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secretion, UPS) [ & A& AR, 4 s 28 MIF 38 it
Z 2k, A5 FJEZ 4 CD74 BL & CXC At A
¥ 524K 2 (C-X-C motif chemokine receptor 2, CXCR2).
CXC R LN T %24k 4 (CXCR4).CXC ALtk H 132
7 (CXCRT7) AL FRIIEZ A BAE N 32 %G T
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Figure 2 Hallmarks of cancer linked to the secretory MIF.

Secretory MIF is involved in six core hallmarks of cancer:
sustaining cell proliferation, resisting of apoptosis, activating cell
invasion and metastasis, avoiding immune destruction, increasing

angiogenesis, and inducing tumor-related inflammation

WEFER B, 20l R MIF W] UG B s FhHoes L 5 e 2
0 3900 55 22 P I8 A A 38 G R F R L T, 2 iR 4
JHO A 5 1 O B 3 PR 1 X — Th e S el g
24 fif B8 5T 20 B Sk YR %) AR I MLLE 8 48 i B 23 i
1) MIF PR I8 firh % 2./ 75 28 1% & 1 W B (AKT) 15 ‘5
PERTEI . TEIX 5[5 Tl g 2 W B MIF 1 5 5 s
40 MR 1l CD74 32 ks e 45 &, Bl 5 B 3 3k 2 44k
CDA44 [r) 20 i J5 1) 5 45, 51 A2 9 Fh 2 B3 O 0T &5 A 1
FRAG UL R 3 R fE 5 % T, b & B R R T
filg SRC A1 1 i 19 UL %% -3- 30§ (phosphatidylinositol-3
kinase, PI3K) 5| 2 AKT {5 5 18 B B0, S 4 8L M
T2 45 A BAD M BAX B BR A0 2% 0% , 18 400 Jifd /56 06 #IK T
JRTZBT L 4 s B MIF 3k w] DLE 3 5 b 87 48 A 2% 1
CD74 2R 456 5| L 22 28 JF B0 2 1 T/ 48 i A0 18 755
T H % 1 (mitogen-activated protein kinase/extracellular
regulated protein kinases, MAPK/ERK) 15 5 i B it ¥
T LA A ] p53 9 1 5 D fg, a3k i A2 a0 i e 1 5E A G
PUAMRAET: . T 70 WA MIF 3i5d 5 CD74 52k &5
BT LG T T BRI 2 Tl e B 4 i 1 5 G
PUYH AT T2, BE 1] MIF/CD74 45 5 0l B A 5 o o
TRIT IRHT N o

22 B MIF R EMBREZEMETE  SMETE MIF
K B 9RE 4y WA 7 A ) MITF 38 w] DA 33 e 42 28 0
%, PR A H CAE e 3 e o s etk 4 i
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Joe: LR 45 22 Ml e AR . Wang S5 B [
MIF/AKT/ERK/cyclin D1/MMP-2 {55 5 #% 5 3 #% K )
JR R 5 Mg e R LA o AR IR A Y MITF 35
55 i e 240 J 2 IR v E 2 AR CD74 45 5 51l EiRE S
T PR (R0, M9 9R 20 M 18 1 D1 (cyclin D1) LT
4 J& & [ B 2 (matrix metalloproteinase-2, MMP-2) [f]
T PR M A SRAR 2 i e A R 2 e A% . AE D I R
240 e () — TUAE 90 R R B, MITF 3@ 19 i MMP-2 A &
MMP-9 ] 22 1A {2 2 it 968 240 i 452 28 Fn B R 20, e At
FOIEAESE, 43 Wb B MIF 385 I 45 @& 1L 4% % )% 85 1 B/
Toll £ 5Z /& 4 (high mobility group protein 1/Toll-like
receptor 4, HMGB1/TLR4) 4 7 1 4 {12 12 3L i Jes 41 g
TEAE AN FL MR St 5% A% o 43 Wb 28 MITF i % Ji 98 40 e A
7 M4 E B % (reactive oxygen species, ROS) Jf- i g
LR A caveolin-1, BE M5 7 HMGBI H 40 i 1% 1% 20
T T2 20 0 A L J5T v, T S R 20 L 3 TR TLRA (S 5
e Fm g, 5% KT «B (nuclear factor kappa-B, NF-
«B) R AL, HE M0 {2 i MMP-2 () R &9, 28 L prid,
73 WSS MIF W] LA 3 58 o fir g 240 o b 4 Jif e 5 8% 22 8
[0 2 325 184 i b T8 44 I P 12 28 R e 7% g

2.3 B MIF (R H 4RI R HIHIREME O
Tt R I PR SRR 1) 43 i B MIITF 75 i 58 S8 Y 400 i) 41 A
(myeloid-derived suppressor cells, MDSCs) LA & i J83 AH
¢ LW 41 Y. (tumor-associated macrophages, TAMs) ]
SRR TP R B AR Y AR SR b bR 43 W ) MIF
15 B4 i 2% 10 19 CD74 Fl CXCR7 3244 AR FLAE T
R E T A, A RO A R RO 5 N TAMEs [A]
U] A ML A TR iR ) M2 2 Y A AL, iRk i
IR e P2 H ) PEFSOA B (tumor microenvironment, TME)
(I >0, BF 98 R B, AS49R \HA60R 25 I 411 i 24 41
fg ¥k 5 TAMs FL 3% 77 7] LUl i SRC/CD155/MIF {5 %5
Iz 3 T AR PR A G R A il M2 AR A, T M2 Y
TAMs ik >R 3R] DL I 5% i J8 40 Jfg o MIF (1) kW
i 96 43 WA ) MIF BL CXCR2 32 A4 A4 8t 1 77 =075 5 rh 4k
L 200 i 170 frk e A 85 v A, (e g bk 4 B 1) 2 b
T A A AR, a3 T AR A2 I 4 5 R e 2 00 ] A
B, TAMs MDSCs S Hh 1A 20 Ji 75 83 13 855 o
SRR 25 5 T IR e S A0 ) ISR A B O T B, 982D T
21 TR A KAV R T 4 B B 3 A, 3 T 4 o FL A A
PR A=) DR . (A R 2, BRI — DA
TR L CD36" i AH 5% Bl 47 4E 41 )i (cancer-associated
fibroblasts, CAFs) 1] LAy s MIF Sy - 32 it 40 72 40
il AR 55, 7E g R, CD36" CAFs i i i i i
1k/p38/CEBPs il 4/ 5 MIF % it F1 43 s, LA MIF Al
CD74 & #t f¥ 75 204 & CD33" MDSCs, i 1fii #)1 fil] T 41

Ji A 5 ) P g e 3, AR B S % R SR B T o o b
2 MIF 7E JI 98 e 2 10 B A B8 1 Jle o & 4 1) 2 24
$&7~, MIF 1 8 S 200 97 SRUS0RT e AT B R I 18 72 B
EEARIE

24 SHEIMIFRAMBIENRE KEWITEY,
AN DL R R [ 43 i MITF 38 i 5 55 5% 74 52 1k CD74
S5 G W0E MAPK 5 58 %, J0 0 e 20 it e R ik £
A i A A= Bk R T B0 FE 1 41 A & -8 (interleukin-8,
IL-8). i P Bk £ 4 41y A= K 5] 7 (fibroblast growth
factor-basic, bFGF) il Ifil & P & 4= & [A ¥ (vascular
endothelial growth factor, VEGF) % {i& 8t il J8d Il & #r
AU A R AR KR o E TR AT R 2 B I A
K2 —, B 78 3% W] MIF 1 VEGF 7 AT Ji 28 3 135 A1
HAP R RIE S EE X AN R R EM
SR MIF Al VEGF R 1A 2 [R] 11X Fil 2% 1) % R 78 I R
B0 A g A #RIE™ . Bucala B A™HIEH T MIF A1
i gRg I AR il TR B LR PR IR AR, 0T B A i AR £ 9 At
Jei /)N BR 45 TP MIF B s B ik S5 0 IR AR L, sege 2l
S 25 ek /b T e I A A SR T L sk T AR i A )
B U7 MIF £E AR M8 I8 A= Bl b 1Y) 2 A gk
—PFE 1 MIF {2 M8 A4 5 D Rg

25 SHBIMIFIEARERIEMBIHE R5EME
SEZ A BRI R, LR REVH R O &R
PP 2 L 30 iR 1 R AR AN R, Ar W B MIF AR R —
T2 98 20 M DR 1, AT DA ) e b U 5 8 Pt i o
AR 4 43 7 U TL-2 TL-6 IL-8. il 8 ¥R E K -1 @ (tumor
necrosis factor alpha, TNFa). F # % y (interferon
gamma, IFNy) I IL-18 ] 73 W, 3X 28 5 9iE [R5~ ) 79 i
AR DLk — 22 TR ROAE, 38 W] DL I 32 AR 5 (1 7
FOBUE NF-«B %545 5 5 T 18 2, (2 1E 9 0E 1 R A Ak
PR [R k43 s B MIF 42 i 8 48 FH 78— e 72
AR T JFG AR R A D18 A 1Y) R

26 IMAFRMIFIRAMBHAURTELER
A HAAR 3 — T £ 22 Al 4 23 8 K/ 30~ 150 nm
%) £ i 4 I, i e SRR [ S AR ' 22 P A i
oy FREFEE AR ZRR VIR LSS, 7T DLOR T4 i i I
WG R AH P R S 5 e T E B, R 2 1) E 4 3R B
i 8 SRR 1) AR WA 2 5 T IR AR K R B R 245
H AT, &4 K I MIF 7£ & Sl (temozolomide, TMZ)
TS 247 1 2 J5 968 240 i o s Ak b ik B . TMZ SO
i 38 i £ B A wA A MIF R 8 2 21 & 8 & A R 0 i
[ ¥ 3 (tissue inhibitors of metalloproteinase 3, TIMP3),
HE— 25 W PI3K/AKT {5 5 I I 2 0k R0/ 240 i 14 7 A1
Il 200 0 T, DT ok J2 )5 989 24 i 1 A 325 TMLZ Tl 25
RS S W TR, N RS e 40 RS T8I Ak



Gk XA SR S 0B E A P W A S % 0 ) T R T e I STt - 2089 -

W o 3Rk MITF, ol o if v aE a2 E, IR
Kupffer 2 B2 £ 14 38 U & MIF 1) 7R, 5] i1k
KK F-B (transforming growth factor-£, TGF-f) 43 i
G, 8L TGF-p 15 5 ¥ 5 18 B (2 2F I B R 40 i & 1%
B, R TR MDSCs F1H 5 40
TE AR, IXAE RO IE H— AN B w407, A F)
TR T R A A R AR I i AR Ak, MITF [F]FE 15
FAE T /IS B il e 11 A0 38k v E G AE i R 1) 2
REIE A ARG TES . H AT, 5¢ T4 b 44 o MIF 21
S5 TR A B B B HE U T R R AR 2R A T T A A
FLED, M — PR ER . EA DL R2, S
R H1 47 1E MIF Jy MIF 7] BLEEN H 120 i 3 & 4% HH
A5 D Re s it 1 LAl
3 ENCTYEREE A MIF 72 A8 R p1E A

5550 U 536 () FE A 48 B XL AN [R], MIF A
W7 % 5 I il A7 CE 40 ML P, B AT O O 4 R IR 4 T Y
MIF [FIFE B A AW 500 1 5F HOR 5 B 2 ARV T Re,
Forb At S 9 B MIF BE W] DUE NI 2 5 22 o o ) i
A A2, T H AT BAE 23 1 B4R T Al B R 2 A

AThae, 180 DL B H 5 H At 2 B A B AR B0 A S
S I (F3).

3.1 ELLTFEAEREH MIF A X ZESMEEEME 7R
SR, A M P9 B MIF B PR R AL b R < 00 i s
BV H AR S Ay g 0 AN AR - 2 AL IS R B (thiol-
protein oxidoreductase, TPOR) ¥ 1%, ‘&A1 H1 A~ [ (14 ff
RO BT 5. MIF (1 5AR S A0 i PR B A 2R T
W T % 3 5L 2 TR R R A0 D- %2 E2 68 25 AR B M) I g
XM M R MIF (1) N 3 il 220 B2 A D e 4 ik 5007
T TPOR {5 P /2 38 2 37 T MIF H0a f 45 57 1) 2 Jok 2 R
(Cys)-TH AR (Ala)-7t &R (Lew)- Y- B &R (Cys) BP
CALCEJFA 2P, HAT, AR A B 50K I MIF P Ff
BT 5 0 2 ] PR DR IBG, RN TT 5 A I 2, 5% MIF
il 37 1 AN VBT B /DN 23— 40 ) ) A PR vh st — e
MIETT R, X3 7R 9T 38 MIF B3 1 A7 506 T MIF
RAEHAD LY rEE T REFIRE A 2R .

32 ENFHAARMMIFAIZY S FHEE KEH
FEW, MIFFE N7 THAR S 5 Z T B s 3 & A
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Figure 3 Biological function of MIF in cytoplasm. A: MIF plays enzymatic activity in cytoplasm, including tautomerase activity and

TROR activity; B: Cytoplasmic MIF also provides chaperone function for SOD1, NLRP3, and insulin for their correct folding; C:

Cytoplasmic MIF directly interacts with different proteins to exert regulatory function. MIF-JABI interaction inhibits AP-1 transcriptional

activation, while MIF-p53 interaction induces p53 degradation through promoting the binding of p53 with MDM?2
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PEHIP. 4 f 2% N MIF 5 Cu/Zn i S8 A1) B AL B 1
(superoxide dismutase 1, SOD1) {47 &, B 1L R 7S
KA SOD1 L B, MIF iX — Iy Be AR M T H 7 7 4F
TEFEVEYE, H L0 7 FE AR I 1 15 JFG 19 o il £ A 3 12
To R AE 22 R B W IR AT BRI 4 S N MITF AT
U8 = R A% U4E 2 SOD1 43 T-FAR, Bi 1 SOD1 4
R AT B AT T BOR 2 46 LA4E R SOD1 ) 1E 5 45 44
A ThRE, 2 HR L ROS (177 A2 DUARIE 22 R 4 (1) 1E
W D) REE 2, X0 T MR 4 iR h i T g # ROS L &
Fr 51 2 A 40 B O 1 2 O¢ H ), MIF 12 5 NLRP3
JRE PR G LR, o rh MIF /8 4 NLRP3 143 1 £ 15
F € R 45 0 F1 e 12E NLRP3 5 3% & 25 (1 17 4 B 1
MY, B A SCERRTE, MIF 0] L& A 18 5 B 41 Pl 43 1
OB HH R JB B 2R, Yk 255 G I R I 2 N SR AR Y B 5 O HL
AR i B 2 1 AR A A A, HE— 20 3R B MIF AR R4+
AR LE & A AT B A RA4ERr R R ZAEH. H
I, AR A W 0 B 6 ) B MULF A6 A 23 1 FEAR LE IR
AR B F, MIF & B A4F R4 TR s 3 2
b bR A DK R 1 110 4 2 AN A 28 o T s ) PR R AR R R
AR EEVANE
3.3 MIFEAREABIES-ERHEEEALER
BhEEAER 40 P2 P9 MIF ] ad i 8 (-85 A B
(protein-protein interaction, PPT) & £ i = I §E . MIF
FESVE S A0 P & Jun BOE X 3-E 8 2R 1 (c-Jun
activation domain-binding protein-1, JAB1) #H H.1f 1,
T8 3 4 ) A% B s DR 70 B2 1 1 (activator protein 1,
AP-1) 1Y% e 0E 1 F DL R 3k 4 i ) 390 3 A i
TG ) R p27°P [ % A, Bk e R 48 E AN HE BT 40 A
FETZ, SeAb, 40 B 2K P9 MIF R] DA B i JRg 20 g 326 ket
AR A PR, AT b 3k i, MIF ZE4H i A EL
5 pS3 HEAEH, Wit 52 5E p53 5 B3 12 &
MDM2 (1] 45 & BL# B AR p53 7KF, 5S040 M 98 T2 A0 o
T p21 A BAX ik & FEAK, T pS3 B 5l &2 1
2111, JE0 S0 L 7 AR 0 YL 0 T, i il B 4 N G B MR BT
FETION B DL B Bl 2R 1 41, MIF 38 7] B 40 i ¢
W 2 i EE B R A A BLAE QAR R AR R B S19 B AL
T HAFE A ESY, 2 X e B A BAE A
FEME TR A DL & S5 2 MIF AHEAEHE AR
A B TR L
4 ENLTFREZEI MIF 72 P8 F 89 1E B

FEIEH A4, MIF E 8B40 T4 iy, /b
EALT ML T AE — 28 NS E TR @ K S DNA
SR 2 75 5 MIF R A4 5 A, i 5t K 3 MIF 215t
b5 HoZ 5 Ar % VA 52, MIF 5 78 R & R (K78) 2.
A T LLYRk S5 MIF 58 1215 5 K F (apoptosis inducing

factor, AIF) 2 [A] (P40 ELAE FH, AT #] MIF 4% ) 4, 1%
— I B H & A X LWEALET 6 (histone deacetylase
6, HDAC6) 18 57 BF 78 38 B, 3F N 40 i #% A 1)
MIF B A A% BRI o, 1Mo FLAT DL — S i i 4% 9 2R A
U pS53 B R AR AR TR, A 3 vk 9 400 P 1 5 RS BT
YU FET- "

41 MIF FAREZ AN B BZEREEEM 2016 F,
Wang 25128 B MIF 1] BAE Ay — Fiiz B2 B 76 40 i 7% Y
RAFLEY) RS . MIF i1 AIF 35 55 3 40 i #% , 2400 3%
(Kl ZH DNA DL AL B SO 48 il DNA $i . B A57E
R AL, MIF 1% B2 B 35 A7 A5 AN 1R 1 3 5% S5 4 g A

S AR AR A S M B e E Y, AT 2 XX
HRIRE, H LA 2 A AT LS 5 MIF (4% & o,
FH 5 i 355 I i A 5 ] A 5] S 40 g DNA 453493, i W
MIF f{4% 58 i 5 JE K 41 DNA #5455 % P AR 57,
4.2 HBEZA MIF ZERESE N SEREA R REM
MRTEFEFR U8 — DU0F 7R B, 40 A% e
A7 MIF A B e K% R Tt 37 1 0 L B e 400 B 2 %o 7 7K
DNA 5 il B K #EOCHAE o #£ S, MIF 2 A\ 41
Mt d il 5 5 R R A% S R A 8§ 1 (poly ADP-
ribose polymerase 1, PARP1) # F.1F F 4% % 4 £ DNA
AL AT, MIF R ATY) &) Y 7 dsDNA 33 (1 4 i #%
TR, DAHAT MR 40 J 75 S 3138 52 (1 =5 7K ~F DNA & |
M. MIF A% 2 i 7% 4 50 A% R I 7% M 6 = 1) DNA 2§
A HEN T 1) DNA S ZE KR 31 2 5C B 2, AT LARK 1k b
IR 2 il DNA 453495 A1 356 DR AN R e, T MITF 8 AN 3% R 1
A2 S5 ¥t 1 3 T DA P A R B 1) 9 DR R R
R, BT ST SR, MIF 40 & 82 8 n 7 B 41 A itk
EL 93 5 22 b SR 7R T 1) R A=, 2% B MITF o IE &% 40 i A
e 2 Ak R 2H RS M 04 PT BR B AA [E I B0 S
B, X5 I H 41 P 5 R R e PR A A2 R
R B UK B R 2R W A — 807, Bk DNA &K F
ST \DNA 5145 Bz A 2 754 Fo Al 3 8 25 mT LA S|
iEC MIF [ 4% 5 {57, MIF 7 40 J A% P4 B A% I B 0% 1 DA S
5ENEARAEMEAERIN, & 5HIEEE 2 1YY
e A AR R R 2.
5 #[E MIF BB 24 & 3R

% F MIF 76 i b 8 v R BV F H s g A ATT
AR, BT F ) MIF [R196 97 SR I O 28 5 Bl 8 2 1R
TS . H AT, 5 EE T 3 RS WS X MIF 3k 47 58 ) -
@ @it 51 MIF 5T MIF 5Z 4R [ FldAd, 809> 74k
B AN MIF VB A 20 W B 40 B R -1~ X6 R 345 5 B80S
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CD74 Z [8] (A TLAT F LW T i 5 5 3 %, JF e 28 2 3L
HUAZ A0 a1k B -1 (monocyte chemotactic protein 1,

N

EBaxBOl BaxG03 \: o . :’ISO-I AV41l
'BaxM159 Imalumabi ;Milatuzumabs 14-IPP P425 |
1ON203 | dasecscsss ‘ \CPSI-1306 ____ '

1. Anti-MIF 2. Antibodies 3. Small molecule

monoclonal antibodies  against MIF receptors

Inhibit MIF
tautomerase activity

Small molecule
inhibitors

inhibitors

Block MIF
binding to receptors

Promote MIF

degration PROTAC

H _ — =1 — | H
HISO-1 AVALL, inhibitors VDI

| P425  CPSI-1306 |

Figure 4

Schematic diagram for the therapeutic strategies of targeting MIF. Currently, there are three strategies targeting MIF:

(D Monoclonal antibodies against MIF and MIF receptors, and small molecule compounds to block MIF binding to receptors; (2) Inhibiting

MIF enzyme activity by small molecule compounds; 3 Promoting MIF degration through PROTAC strategy

Table 1 Common inhibitors of MIF

. . Pharmacological . .
Classification Chemical name Mechanism Reference
approache
Small molecule ISO-1 (S,R)-3-(4-Hydroxyphenyl)-4,5-dihydro-5- Competitive inhibitor [75]
inhibitor isoxazole acetic acid methyl ester Binds to the tautomerase region of MIF, leading
to structural changes that block MIF-CD74
binding and thus MIF function
Ibudilast (also 1, 3-Isobutyryl-2-isopropylpyrazolo (1,5-a) Allosteric inhibitor [76]
known as AV411) pyridine Blocks catalytic (tautomerase activity) and
chemotactic functions of MIF
4-1PP 4-lodo-6-phenylpyrmidine Irreversible inhibitor [77-81]
Covalently adducts MIF at N-terminal proline,
altering their structure and preventing function
P425 6,6'-[(3,3-Dimethoxy[1,1'-biphenyl]-4,4'-diyl)bis Targets an area at the interface of two MIF [82]
(azo)]bis[4-amino-5-hydroxy-1,3- trimers and inhibits MIF-CD74 interaction and
napthalenedisulphonic acid] tetrasodium salt tautomerase activity
CPSI-1306 2-[3-(2,4-Difluorophenyl)-4,5-dihydro-5- Competitive inhibitor [83,84]
isoxazolyl]-1-(4-morpholinyl) ethanone Binds to the tautomerase region of MIF
IPG1094 Unknown Unknown
PROTAC MD13 8-((2-(2,6-Dioxopiperidin-3-yl)-1,3- Induces MIF degradation through binding to E3  [85]
dioxoisoindolin-4-yl)amino)-N-(4-(7-hydroxy-2- ligase cereblon
oxo0-2H-benzo[e][1,3]oxazin-3(4H)-yl)phenyl)
octanamide
Anti-MIF BaxB01, BaxG03, Anti-MIF monoclonal antibody Reduced cell growth and viability by inhibiting  [86]
antibody BaxM159 MIF-induced phosphorylation of the central

Imalumab (also

known as

BAX69), ON203
Antibody Milatuzumab

directed against

Anti-CD74 monoclonal antibody

MIF receptors

Anti-oxMIF monoclonal antibody

kinases p44/42 mitogen-activated protein kinase

Regulate the steady level of circulating oxMIF  [32,87]
and total MIF
Prevents MIF from binding to CD74 [88]
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Table 2

MIF inhibitors in clinical trials. TMZ: Temozolomide; GBM: Glioblastoma multiforme; VEGF: Vascular endothelial growth

factor; CLL: Chronic lymphocytic leukemia; GVHD: Graft-versus-host disease; AML: Acute myeloid leukemia; ALL: Acute lymphoblastic

leukemia; NSCLC: Non-small cell lung cancer

Title Status Condition Intervention NCT number

Anti-MIF intervention
Phase I study of anti-MIF antibody in Completed - Metastatic adenocarcinoma of the  Biological: anti-MIF antibody NCTO01765790
solid tumors colon or rectum

- Malignant solid tumors
Study to evaluate ibudilast and TMZ Active, not - Glioblastoma Drug: MN-166 NCT03782415
combo treatment in newly diagnosed and recruiting - Recurrent glioblastoma Drug: temozolomide
recurrent glioblastoma -GBM

- Newly diagnosed glioblastoma
Phase 11 a study of BAX69 and 5-FU/ Terminated - Metastatic colorectal cancer Biological: BAX69 + infusional 5- NCT02448810
leucovorin or panitumumab versus FU/LV
standard of care in subjects with Biological: BAX69 + panitumumab
metastatic colorectal cancer Biological: BAX69 + 5-FU/LV
Axitinib for the treatment of advanced Completed - Hepatocellular carcinoma Drug: axitinib (AG-013736) NCTO01210495
hepatocellular carcinoma Other: best supportive care

Drug: placebo

Cardiorespiratory fitness in children and Recruiting - All types of ediatric cancer Behavioral: experimental: moderate NCT04765020
adolescents after cancer treatment to high-intensity exercise
Phase I/II a two-arm dose-escalation Terminated - Refractory ovarian cancer with Biological: BAX69 single-route arm NCT02540356
study of BAX69 in subjects with recurrent symptomatic malignant Biological: BAX69 double-route
malignant ascites of ovarian cancer ascites arm
Anti-CD74 intervention
Effect of expression of CD74 and VEGF Unknown - Malignant pleural mesothelioma Other: CD74, VEGF detection NCT02761863
on outcome of treatment in patients with
malignant pleural mesothelioma
Vascularity impact on the treatment Completed - Malignant pleural mesotheliomas  Other: marker CD74 and VEGF NCT02603315
outcome in malignant pleural
mesothelioma
Phase I trial of anti-CD74 (hLL1) Completed - Non-hodgkin lymphoma Drug: hLL1 NCT00504972
antibody therapy in B cell malignancies -CLL
Phase I/II study of different doses and Completed - CLL Biological: milatuzumab NCT00603668
dose schedules of milatuzumab (hLL1) in
CLL
Phase I study of milatuzumab for GVHD Terminated - GVHD (acute or chronic) Drug: milatuzumab NCTO01663766

- AML or ALL

- Myelodysplastic syndrome
The humanized monoclonal antibody Unknown -CLL Drug: milatuzumab NCT00868478
milatuzumab for refractory CLL
Veltuzumab and milatuzumab in treating Completed - Lymphoma Biological: milatuzumab NCT00989586
patients with relapsed or refractory B-cell Biological: veltuzumab
non-hodgkin lymphoma Procedure: correlative/special studies
MIF involvement in AML Active,not - AML NA NCT03918655

recruiting

An open-label, multicenter, phase IT Unknown - NSCLC Drug: LDK378 NCTO01964157
study of LDK378 in patients with
NSCLC harboring ROS1 rearrangement
A study of LDK378 in patients with Unknown - NSCLC harboring ROS1 Drug: LDK378 (ceritinib) NCT03399487
NSCLC harboring ROS1 rearrangement rearrangement
A study of hLL1-DOX (milatuzumab- Terminated - Multiple myeloma Drug: hLL1-DOX NCTO01101594
doxorubicin antibody-drug conjugate) in
patients with multiple myeloma
Phase I/II study of hLL1 in multiple Completed - Multiple myeloma Biological: milatuzumab NCT00421525
myeloma - Myeloma, plasma-cell

- Plasmacytoma
Bortezomib, mitoxantrone, etoposide, Completed - Adult acute megakaryoblastic Drug: bortezomib NCT01127009

and cytarabine in relapsed or refractory
AML

leukemia (M7)
- Adult acute minimally

differentiated myeloid leukemia (MO)
- Adult acute monoblastic leukemia

(M5a)

Drug: mitoxantrone hydrochloride
Drug: etoposide
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Continued
Title Status Condition Intervention NCT number

Ixazomib, mitoxantrone hydrochloride, =~ Completed - Recurrent adult AML Drug: ixazomib NCT02070458
etoposide, and intermediate-dose - Refractory AML Drug: mitoxantrone hydrochloride
cytarabine in relapsed or refractory AML Drug: etoposide

Drug: cytarabine
MLN 9708 in induction and Completed - AML Drug: MLN9708 NCT02582359
consolidation for adults with AML > 60 Drug: cytarabine
years of age Drug: daunorubicin
Study of STRO-001, an anti-CD74 Active, not - B-cell lymphoma Drug: STRO-001 NCT03424603

antibody drug conjugate, in patients with recruiting
advanced B-cell malignancies

- Non-hodgkin lymphoma
- Multiple myeloma

MCP-1) F5 #9821, 400151 B A% 200 fid F MDSCs 1] Ji 98 7k
IREE SRR, FEAG I8 G % 40 O 58 7% 1, 75 377K~
S 71 H A0 A ol 20 g JoT R 400 e R 3 B K RCRTY . 4-1PP
J& — T AN AT 30 (¥ MIF 1] 550, A 58 3 B 4-1PP A L&
i A NF-xB i 4% i 35 W2 A0 B PR 8 240 M 1 385 D %
FUT . AE 4 T IR 0 WF 78 P R B, 4-TPP 3 i BH Ik
MIF/CD74/AMPK {5 ‘5 % ‘3 18 % 5 5 /i /89 20 f 3t
T W RN, RN 5 R AR T 4-
IPP I 80T 50 02 I3 Bk 4 it g LA B S PR ) 4 R
4-IPP & 1] DL3E it BFL I MIF/CXCR4 15 5 %% S B 410 1)
e T P 40 BE A R R P 8 DA R A ) G ) B A
F£10, 4-TPP 5 1] LLIE i L W MIF/CD74 P4k, 32 1M
T c-Jun 2 5 K Ui B4 B§ (c-Jun N-terminal kinase, INK),
0 f1) FEODR Ji T8 4 B 38 B O % S LR TN, P425 2
— Pk B AL B A, i K AE S MIF 25
&, B MIF/CD74 &Y B TE ™. CPSI-1306 & —
P2 T 5 7 bk, BT DS MIF AR 5 4 i 3 1 A7
RLEE A FE M T M, CPSI-1306 AT LU ] MIF 4
P I A R DR - 30k, i K B2 40 o e g A < A i e,
TE IS s op B — i 1R T = ™ AME =BT
JiR 8 IO I 7 b R B, CPSI-1306 7 4 &1 %) = BA 4 7L ik
et 240 PR AR K R AT R AR Y o ZE AR I ST, CPSI-
1306 it B AR J5E Az /0 B7L i o A5 284 o i R AR K RN
. TPG1094 Jy 4 BR 15 3R At I PR 1R #E [R) MIF 1) /)
G FHEI S, AT CLBE W RS R 40 b2 4k CD74 B A 5
)RS 5, 75 SEARIR AT DL R ] g G 2 0
TR BE I 1, 2 32 T G2 2 I, A7 2303 ) fiek 8 A=
K, H AT IEAE AT B i 5 3238 VR T S A4 i R DA A
2 RN R 0 UG PR (NCT05112159).

5.2 $B[a) MIF f£f2H9 PROTAC 3 F MDI13 £ il
TER T X MIF B A S 46 B P A7 s 501 ) #E 1) MIF
) PROTAC, T LA S 4 B fige Jif 23 240 B 79 1) MIF . 7E
AN 0 F 2 56, MD13 2 25 300 AS549 41 g (1) 3 5,
LML AT RS 38 1 PH W MAPK 3 B, 5 S04 i A 31 H
Tt T G2/M A, MD13 7E R 41 Bk S50 rh -t 28 I HH 4 i

60 44T e 1 A
53 HIMIFEGEEHKE BaxG03.BaxB01 Al BaxM159
s2 Pt MIF (1) 5 41 N JRAL 5 e FE B4, BaxB01 5 MIF [
AN IE J5 il 45 #3045 4, T BaxGO3 Al BaxM 159 NIl 55
MIF ) C 3 45 &, i@ 3 BT MIF &5 CD74 45 & 301~
TS 5 B R DU R AR R, 3 M R BT AR IR 4 9 Ak
SEIG 35 7 H A T A e 2 SE R e Y Imalumab
& — Fh 58 4 N VR AL I 5T MIF 358 B ik, 45 ik 5
oxMIF #H BEAFE A . K a7 7 24 & Bl imalumab E
BRENALAFFEMRETIRERIEER, o4 %
P iR a2 M 45 L e R ) Tb/Ma I PR, (R
DR 2 JE WIF A5 AN B 8 2% 0P . ON203 /2 58 AU
oxMIF 45T, IIfei PR BT 0t 70 S8 /s 76 /17 51 e /s B 7 P RS
FE AR A, ON203 Y 7 tH AL T imalumab [1)97 2%, HAE
SRR R RR TV A AT — P I R IR R VPAST
5.4 UMIF ZRBRRIEGAE  MIF 1 [FJEZ 4K CD74
TE K Z2 H0 g v i B2 R0k, H AT CBCR R VR T IR
F L &, milatuzumab S 55 — AN HE N IR R R 56 A BT
CD74 Hiufk, H T IELER 7 T8 7 I8 & S 3
18 14 90k L 4 B £ 10 AN 22 R M B R, I PR AL R
milatuzumab F1 & e KBRS R AT 3R & 2 K 1o B
B A,
6 RESRE

KEHFLR I, MIF 5 R 40 e 2 28 28
i 988 s 92 00 o P PR 958 T2 o I 0 2 DA R 9 RE A€ fie
Jo S5 V) A G, M2 7 THT 5 M fie S8 1 2B R
1k, B MIF (9 25900 kT s va 7 A 2= .
MIF BE v DLAE A 4t ) 7 A7 76 T A M &b, (5] B S DL
BCE T AR IO TR A7 7E T A M 2%, 38 vT DL A7 T 40
Ji K% 2 1 A% IR T 3 P, MITF 22 6 (1) 30 40 i 5 o7 5 L %2
FEM AW ThRe S IR G . SR, 4 M4k 20 o 3 . 4m
A% 9 (9 MIF B A4 NEEBR R 2 40 P9 A0S [ 9 2
PR 2R AE th € MIF V.40 i 52 A7 07 B A B A BRI R H]
AR5 L2 T8 AT [ .40 i 465 14 1) MITF 7E 4544
AR EH A AR X B 7 3% 28 ] 0 75 2t — 25 i
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