w w Byt Z . .
d/',u/ J/’/a@l) oo S F B (6558 e

Wﬁ}.‘."”‘)" ‘;w\.w‘ JJ\Q' 9 "&Uw‘j S gawned
Lo (oS 55 5 900

eﬂebb’ SR dabld ‘\‘5.55 flﬁ

d‘ﬁ‘ ‘Q|J.GS uﬂ).).a (;.3.’]3' emh ‘é‘:‘j, RN ‘é‘:‘ﬁ, 65}3}&7}:4 5_9; ‘6}‘.’5: "qr..ﬁ‘b—\
C}‘ﬁ‘ ‘C}‘J@" u.d)-h s;«.:‘a.; a@b ‘é«;)i a.LS.‘:.ﬂ; g‘;.&ﬁ ‘53‘93_}:&'” a;; 4.5\.‘%&‘—*

Ol Ol VEVIYIN o Gais®
Rahbarif@modares.ac.ir

VEN V0 i VE /Y sl s

oA S

Coa b S5 oo S0 (2l 03 tkeea O s Olops sl oMr (2 (I18) La oS 5 s
s S eSS el s D3 Sa ) G gad e olantl b VL
WS okt S8 (35 o Joate Db 0 45 503 0S50 b sl (3L 5T ) oS s
(SenS 5 g Sldl 5855 b (A e (8L K0) SaS g soms G oot b
Slaedi oS S L oS gl il 035 dmen (S S5 e w Lol S 4S5 S
waS ol 3l 5555 e dske 35l St sl iay 4 e LS el G Jsk (oo Loz
Jsb o3tz pn o on o 515 i 5m Gl e sk (o s 5r SaS L S (o0 1y ol oo s
T ks Ll Dled 5 bl 5 s si5e sl b dlisen (sla S 5 sl ] (slaens
Sl s Bl = S 5505l Sloge iS50 5 53501 ST (oS 53y S S35 = S 5 5
e sl pn 7 e Ll slaoslinal (gl S 5] gt et A 0 (L0l e Ola
3ol e 3 Gl 55 5 e Dlide 35 5e 50 o 4 (S0 e (pl 5o e ol AU
Sl i 5wl e oo 103 Sy sdmn s [ LT 2l i go 45 W S 5 sl 4 5
Sda 5 S sl gl sl Coam Jald sl a3 S bl s 1 wlge nl e
Liea ol sl

S sl (12 Sty (SnS  ss 8 353 p s 453555 gl (oS 5 gng) 10315 AS

4¢


mailto:Rahbarif@modares.ac.ir

Ve J'.;.:L: Y AJM AY 099>

AL psee T ST o DT] (s 5 o ([PE]
Lty o) SLdl b (i slS b s sl s J20)
oS 555551 55 e ab S ([RNases] bajlls 45w, b
S3bwdisb 55SBADP Ol s5ms b a5 5 5 A
Oty Sl 55 5 55 SIY (S5l
p o Lgsor S 4 den Sl 2l S e (55 S
035500 03,5 I e b 55 5058 5 sy Jio LS
Glr 4 e RNA 05 Wl SN 5 b
i sa Ly Was e 5o Y 3l i sb 55U 5l eslind
[ $1s e

d 3OS 5 las SU 3l aal G s 4 pga 20
e el o Shee Lol 5
Loispe SO dshe wogos 6l dsle @ ol sl fuaze
51 e Sl 31 S 5 el il ol adid g
Sl gl (SIE) s e K s s
IVIleds |25 oS p s

S sl okt ate s la S B gl
osba a8 das eSS e das w1y 0 gl 5 25
@ e 3 Kl o 05 0e Hse 8 4 ) e o lasd
s 3555 Gl ol 1S @ als g s il S
ot ol n gy Al B d gk 5 s e e
S s byl 8 nS 4 ey 3 S S )
o JEDl 5l aes (sl | s C(ER) a5 |
a1y 5 S S 5551 0 oS gl = e e
VS spd e oltle Dl s 5 s =308 e
o ol i slize o3 oS 5 sl T 5 Shas o ilSe
o Ol 1y elisass s 681 e 5 S5 SSL s

RSV %}

4 eukaryotic elongation factor 2
5 endoplasmic reticulum

q0

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

DA g dedke -

Sl Ll e Sl o o Jols 228 5 A5
LS B b 1y Ol e 2l Oleys ey 5o 4l G
S O 55 4 o LaaS 53558 sal B cnl 5SS
3yls B b & oYL Sl Jlasl fe oS (3L 5T
(ot @015 sl S e 6,505 IS
S35 55 SemS 5 st 851 b 15 S S RNA
bds Gl glad s o5 5l 4 5 20—
3 es S S S TLare oS g sasl V] 43S
S aS S0 J S Sl dian a8 55 S gl
O PR R P W L s Py
ssba 45 glaas Sl eslial b la oS 55 sl Lilod
S LS o gl 1y G Jshe o lazst]
I YIS Jame s sy se Jsho o 1)

sl 1y Oua Jslw &8 S 5 gal 5l s O
45 (Gda J5) 05 5T L T mamein 5505 aib s S a
Lok ki sy Sl o lad s o ol ) sba
S opl S 15 K i e Olo o3l 1 i
Lol 3l (o3l 5T 51 Slalad b elS (b 5T il 5 oo
ook S ol el s iKY Kos 3l Vsane
LU (L3 5 [IL2]Y S o ol ) LaopS sne
5 ([CX3CL1] nSILSI5 Je) LS 5aS 0l S
Wl odins pois i) 5580 Jra) 2y gla S
5556 5 [VEGF] 3s,e JUs sl s, S [TGFa]

5o ([GM-CSF] 365 Sl s wsl sl S 4SS s

..LS& o.)l.ﬂ'.;'ﬁ.:‘
Ssd o Jom b S ggasl g aS e 4 sazve
Joa) 8L S S el (S S

Pseudomonas aeruginosa (s SL 31 A S 55 S|

Uinterfering RNA
2 Immunotoxins
3 anthrax



Immunotoxins

i SR

Endosome (

Immunotoxins

|

e — WA,

i
==

i e
e O (£

gﬁbg;'”""i‘ 9 S g
o

......
receptons

ADP ribosylation of

DOA e b an SoTa— elongation factor-2

S 5l Y YOA JLw js das o i YL
[V£] (LUMOXITY®) " .S 5555 3 b o o s S 5o
Sl p wwise [VOJ(ELZonris®) 1:_@5,)'\;7\5 5
b o Nst 5 0diS3 58 090 Jsbwr (o ) OLa)s
e Olesle Aol a1 St S gt Lo Sy S5 i
anti-CD22 ) e S g0 ) cooe Lol 5 15 0T (55505
«S PE38 4 45 .| anti-CD22 dsFv (dsFv-PE38
DV asl Jlasl aoas IPE Sl glods oS S
DT « «5 IL3 3l ea—& .S (DT-IL3) Elzonris
513 G W] el asly Jlasl (DAB389) ool S
ol b S o IO LKL 5 0 el e 001
gy ool 5 ol el L S
“Eelhgle 310 )'lu:ﬁ&LS'stjfgphab'-lﬂ'o
casia¥ b gl bl 5o b S5 el ol
BRI AV FCW TN CIFSUVRERTNE ¢ JEPONI | T U
53 b ekt Ayl Al 1A gl e sl e
ol 4o ) Jsd 53 cditees b ol Al e

° tagraxofusp
19 Blastic plasmacytoid dendritic cell neoplasm
' immunogenicity

41

S S 5 gl 5 b 0B b gla S 5 )Y

b 2l A e s
slagslen Lo il S 0 gasl ads 5,0l 4 U
Sy AT 5B o 52 a0l o Jo sl
sl i sae 0L e ke L5 oo (]
DY Tloddassl asls s slacstam 5 [NV ] s s
W oS 5 ol S35 2 83U sl b o iilas]
I & B syl b | plosil I s 5 e plov]
Lo Al Ll slaeslizul (g1 e 5 gasl T g
S5 oS 5 gs) sl (ONtAK®) ¥ S sziss S o
LoodiSsse T Jshe psid Olys 21494 Jl 3 oS
ool als 518 0l dab & pdy Lok
o Sleds K25 (DT-IL2) Ontak (13) [\ ]
omesn s a8 Jigl dal el YAA) 00ols S (g 2
((SJBK) Jlad ¢ 3 5 (translocation) o s Sl>asl
2l S des Olgsa L2 5 e das Ol s
3 e gbadlw g, S IL2 0k 1S (S 5 ns]
S e b 58 e Ol oS s T sl i

¢ Denileukin diftitox
7 Ontak
8 Moxetumomab pasudotox



Ve J'.;.:L: Y AJM AY 099>

(https://clinicaltrials.gov) .JU uiLU'US vy Auls)se oS 5 gl V J gl

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

>
” Al bl ks s 3lse o Ao BRIERVRINY S P g
st
AL CTCL L2
NCT00211198 Ly IV 5 HIC ol S oS s
(1444) NCTO01127451 ” ’ 7| DT (DABSS9) s o
(Ontak®)
I
2 hloleys L suSs e CTCL L2
1 NCT01871727 L eus$s 6 PTCL 5 CTCL L Ontak®) E7777
1 NCT02676778 DT (DAB389) ) .
[ NCT01401530 dbobes (Al 350 o5l
PTCL
b Anti-CD22 dsFv o g 5208 50
NCT01829711 HCL
(Y1) NCT02338050 B-ALL PE (PE38 S 5335l
I (LUMOXITI®)
L L3
(YA NCT02113982 BPE’\CA’L‘
NCT02270463 53331 S
I o DT (DAB389) -
1] Hg%ggg%g; 5378 der EML (Elzonris®)
1 MM
I NCT02858895 lo il 58 PE (PE38) IL-4 MDNAS5
1] NCTO00321555 HCL Anti-Tac scFv
I NCT00924170 ATL PE (PESS) LMB-2
IV ds o clo o Anti-CD3 bisFv N _hi
I NCT02990416 # b | pr 0 AB3EY) A-dmDT390-bisfv
I NCT02943642 ME (UCHT1)
L okiSs e madl 5l o s) Anti-_CD19 &
I NCT02370160 4 DT (DAB389) | Anti-CD22 scFv DT2219ARL
).iu\__zlif)bv:
| S0 ol Anti-Mesothelin
ok OB e
I NCT02810418 o PE24) PE Fab L MB-100
[ NCT02798536 i e TN
I NCT01362790 Lsbsse | PE (PE38) A”“'Mesc’tg‘;'F'C Ss1P
¢ . Anti-EpCAM
FRETIN LA 5
1 NCT02219893 Soeass Slapdl s PE murine 1gG1 MOC31PE
Anti-EpCAM Slass 50l
1 NCT02449239 oale & ol i s Ol 5 PE(PE38) SCFv .
(pseemss) S 5lse
Anti-CD3 murine
L oS s lgG2b
1 NCT02027805 DWORERTNIPHI IRy ST I T-Guard
anti-CD7 murine
1gG2a
. P ANti-EGFR
L -
I NCT02303678 s slelS PE (PE38) <oy D2C7-IT
L oS5 e DLBCL Anti-CD20 scFv
I NCT02361346 , K2 A dsls 5 MT-3724
Jigbvl};)l,aﬁ

4.&_«:}3_5 é.:;’d’ PL ;5_"‘"—“‘ d‘.ﬁ JJL? -y
Elor ol g ake G, a5 5 b S 5 s

v


https://clinicaltrials.gov/

393 aS Sl ol LY 51 (SISl slad P
J> el ey 5 DT PE s Sla S 55 s
Oeaed VLS [YY]LS o 3 5dma ey 2 il ol
o dla)se S el o a3l s 5
S b e sl (gola s ol edle o a
ot gt 3 (S 5lS o s TGS s s
S e P C UV TN N S P P TJY
SIS TG e 5 G G b S sl
Jto ks b 5 « LUMOXITI , Ontak et
Setdgod paoli 5 (SS) s 5 s B als
e ol pon T S s

@ —olat jba & laas 5l esli il s L
osba 1y e DL B S e e Gus (gl 50
5 5 A Al se 5 Glad b 4
Sleos oy Je milse L Sy Lage S 5 e
5 slad gl oo gonna 5l aS ol e, SOL
Ontak Sleys 555 (Jle Olpeas 555 0 20 G o
oo JB 555 it s 0 SRS S5 Se VA LA
o 53 Ll 0 5SS 20 55,5 TV Ol 51 O
ol 2ol Lkl e )ls al 55 03 Gl S
8 08y Bl 4 ol ol s AL ol e age
5 oda sladsha s byl pl 51 o0 Cos sas 4655
LT o3 ooy 7S 3 o Sl 2B Sa 2
dolr (gl ge 55 Oloys o Ll 5 o0y S S 550
Obeys sl Ontak 3l eslawl YoV E Jw 3108 SWS
el 0 B g 1Syl odmze NI 5 CTCL

5 Sbdshe Cossoe Ol JBld 4 gl ool
LIYOIDT 5 [Y£]PE ¥ ]mnsy Joo nlboms bl

17 nephrotoxicity

18 cardiac toxicity

19 off-target and on-target toxicities
20 hemolytic uremic syndrome

2! narrow therapeutic window

aA

Sl (s e Olpeas b oS 5 sml i 2
Sl sl e bl Ll iy 8 sl ) se 500
3)S ake T 5l &S sl s s ane ol 5o
S b g Saa sad sl (6l p et

S Lok (b (LS 5 2l SL) Sl o san
—0ljee ko 0,8 4 0 g foate aas b e 35k
i 53 o5 4 &S G SUS 5 by S
sl 5 los puS b — X5 o Ol il 5 Lad sl
o e S 1 T 5 S d s ol 3505 1) gen
Sl a8 T ol o gens s PE DT L SL
o moles ek s dfmate epdpl A3, 5 S
5 oS S W e S VATE 48 Sl i
Olsea [T+ ]7T(GD3) desl juu ko 55 5 5258 e SIS
oo ALS ppe S e eslin ol Ols (slaoi S
3 Shden S aes b dlasl sl 58" il 5 e
o3l o i S Ol poay (Sehd SIS 5 5 1SS
ol melatl o ;S dio e ol ol NS s
tog 4 Il gl Lol Ay o 5 4y o slite Lo
S50 shs a8 QOIS L Ol e slaoki S (g
LS a eslinal glia S 550 51t 35 Wad sk
Sao L DGl sty 5 L5 Oljs sl 5515 6
in ol 5320 d sl g1l ) s ib
sldol S L JolS slan (ol (53L5 sba penS 55 5
Ol 3 Gua 5 b gla glaslLlS s aS W ls 55>
Col s es S Jas Cind Oods sladsha o Lzl
Joo —da o ladsle 3 et LS Coe s
Olgea [YV]Lleds ="°(VLS) s e ois o 3ok

@ ol 3l 3B VLS (b sla olesTLls s s

12 Shiga

13 glycolipid globotriaosylceramide
' abrin

15 Vascular leak syndrome

16 hepatotoxicity



Ve J'.;.:L: Y AJM AY 099>

R b S 5 sl i 4 2 Sy e
Gl j3 oS —olantl S v ol ol o
Rl ey S AIokeS Sl (X525 Ol (3l
Sl )3 Ba Glad b Coo g SRS 6l
S owloyshegs gl WS ocal cxl o oole
Ly sk 5 Olen (5505 2 08 0330 33 b Olajen
S Jae bl Al S e Azt 53 g ias e LSKES
DT Jol> oy5htess oS 55 sl S DT2219 Slio
«S (CD22 scFv-DT &1 -CD19 scFv i) <l
sl ls polantlba b o cww sid GOl
IYATS s (65 50ms Hls Sl Coo g 5 LS o0
liseel-0

s M5 el e 2 (Sop Blelser el 2l Ll
Olges 8 o L tCaw los g la e S 8 gl 4o &
3l &S ol S gl 5 (o LS 95 e
St 2 o) s (Sanl ALS 5 oL S p o
Wigls el ol gt &S Shlen 55l VL
ot b T s wsid 5B glac o 5a)
Salmds gla o3l ST a il S 5 el
solsas lagesl xT ¥V a3l s ol 4T (ADAS)
0T Al 5 S st 1) b S gl i1 5 0
5 At o o Oy 31 0T w3 Al i o
o ol O s ol il Sl e sl o
L aasls ool 5lobss eslical b codte didy 50 45 oS
LPYJAS o s [t b b sl lesTLls 5o
b S pl Gl Sl S il 4 S
0593 Y0 a4 80 b w35 Sl (5 S oS
oAl S bl S g el ol gl yls LG8 ae
¥l ol

2 anti-drug antibodies

44

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

Jsbor &3 0 Jota 3 05 5 Jin sl g b B
i e Dol (S et p gl Jule Olsew
(DT~ ¢33 Jowi Ontak v 5 (sl (S JUT 25, S50
sl Jf)g_.:;p).u_wjlv-sn,\_.: 3y (W)
DYV elosls 2als o100 (ilesl s, 50 la b e
o 0333 DT s a4 (SO el gl G sl ol 3
23 e ol jen a0 (S il eyl S5 LS s
S5 e S 45 T(GIBB) (51 S ¢ Sl
ol ol 4 et 5558 e 53 5
08 s G 8 glacil 4 Jlas! J sns acad g
GrB .l sl 2als 0T 5558 gl b i ~1 b
TGF0 & (55 lods Dl OF el sla )l &S
s Ly sag sl sl 258 o Jeaze EGFR LK)
DYVILS o pluls 5 olazs]

Ll 5 o S dad o Lozl b s Shes oS bl 5l
Ssh e Ol gladle s lacdl js b Ol Sl a
59 s s b Gda o s 3L ol Sl esli
s ok, S Byl pesdle il Sl (sl
Sl ety s 58 sene gl 5 d e 65,
DI T U WA PRE NVANY- VN0 J1 SHDVRN to] VAPV AN g% O8]
Anti- HER2 dsFV .S & giasl Yo LS Cs sans
b oS | > s 3 (erb-38) PE38 L o 3.ils
Coe yoms Sl s Ob s 5 Mas Olslos S35 2
55 e sl S (B[ o et 5
1 Ga slad s il 5 o W (slajss s Lo et
SSIP 5 1L2 ot .8 Ontak Hze . diS s garns s
da |, mesothelin ((anti-mesothelin dsFv-PE38)
LFeYalus e ol 3

55 01 0l &S g(Gaw) o5 21 Ol il 0l
o2 5l plete sl s ole sladshe 5 5505 slad ke

L;.ol._a.::—\ J;)ls LS‘J" a.\.\wwﬁ.\i d}.\o‘)‘éc.lﬂ:b

22 granzyme B



3o 8 ) el 3 IS 5™ sl 2y L SSIP
Ll slas sl s s (T 5B glacaw i
Sl ,3 ¥ 53 535l e b 4 e s B ISS
b Sl 4 oS Lo gdisne 4 Ye Ohles
LVIs s 0 5508 Sdo o 5o il

Sl sl (Ol o gan Sl b3S sl s e
S sph el S s gl PSlo |5 gl s LS
Gl st BT o ) e b 053l b
o bl bl g slwl b Gl G b 5l #Sl
MHCH s 51 @l sy cnl b alss el [V 55—
s s lSSWS T slad o 5B ozl o
b ,e 035 4S5h L cnl pedle has cnl oraen
SeS gy T slacawsid sLuls JIMHC |
IYATLS o (5,8 sk

45 &S (anti-CD22 dsFv-PE38, HA22)LUMOXITI
o—s) Olays gl YoOA Jlw s g a5 Yoo ¥
2 e s s Al e diSs s oo s
Olzs YU ol et T 36 LTS 5 b dal s
S sbaa bt pl 03 s 1 3550 ey Sk 10l
ol el G 5l I o lad OLL o
ale pa i LB ol 6oL 2T e S 5 sl
U bl 3l o2 b sl ol 3 i i |5 PE38
ol 0Bl Bl 4 bl oo Ty e BB (gob d>
AR L ey by e (Sl (2l pe Ll e S
ool o3 S s Rl o Sle s isu Sl
AL 395 Sless slae, s il bl Ol &y 5o
g

PE38 15 sl a5 31,15 gl Ol en 5 Mokl
PE38 lax

b Sleslai ol LB s S esl 3 2

S LS AP S gl b b S 5 sl

26 Pastan

sl Jals ¢l i sla 5y, :J> ol
o hd (Bre s (b i S sl dS w120
L oS 5 Ol JPEGylation (U558 sl L .ol
2 ebo s gl Gl 5 el sliSS 1  slag s
i o B g 5 T 5] ol s S 50

Area b Ly ol
PEG L osleri 05wl 558 5y, ol PEGylation

Bmal G g ol 055 e b 0T 5 a8 ol

33 4S5 555 Olje e s 5 S 5 e
3o 2Bl P o Bk ) s pl s
s e o J Sha o3l Bl L Kus b
e ol sl el o 1y S 5 gl

ool adses S (Anti-Tac scFv-PE38) LMB-2
Cgr 53 ADAS ol o S il S 5
Sy o Ohlaw & s |, Anti- PE38 03 5 o
Anti-Tac 4 PE38 .. J «>U PEGylation L [¥¢]
il Eals O 15 sl S 55 sieal opl 53 SCFV
BB SV VO Y-SRV - SCIN | P IR e Rty
ol bl osls il ol o8 B Y ol lesT gla i g
S 5 s Sllad 4 LS 0 DS s
sla obeslls o a3 A5 e andad Lo S 5
Irols s e p

Jole S b S S sl oS 5 Jols SIS s
SSIP S 5 sl Y] ol ) S,
A bl Ll 5 5 (antimesothelin dsFv-PE38)
Ll o osls 0L 3550 51 losill (Gse 58 s lad
2 LU T e s (g0 5l s e
A3 e oS o3 5l sl ge 4 Se Olbey 65
o diS St (gy,lds L;LatgngdﬁT Mg 5l 50 e
S 5 s G 3 IV Il Ol 53 (ADAS)

24 PEGylation
25 pentostatin



Ve J'.;.:L: Y AJM AY 099>

Sosagdas Sl oS5l a5l s a
o213 Qi 555 IB gbac sl Ol v ads o>
2 oV K b Y 8 s Al e YAl
o &\:)@anB S 5] oS o i g_r)j:&lf
s e il 5l Bl 5w ) nl o
S 1T L 5 oS S o5 sae 55 gl 5l ol S
G S sl edul 3 355 g Ul (M5 )
Sialesl ol sla olesTS s leses sl s o155 el
L8V 801 () Jsa) L5

b oS 55 58 o 4 e glae—

3l 55 e S 5 el 4y e golie aSGT 525 L
JeolS b OF 50 adlSla Lol il o5 5158
@ e slie = cpl Lol i Sl
s8e 5 sl Jo e sled o e oS 560 sal
Jos ol (IS sba 55 on plonil LS 3 50 s
Ao o 358 o e ol o a £ 4y La S 5 5 sl
FOUN S NP NURPRESC AN g JE U G IO B
Oljee s 53 Al o da slad sl a0 0l 53
D3 e b s rals 1 e e sl sl ol
s S 53 Jls (gl il il 1w ol osls
Ol Gaa |y mesothelin &5 SSIP .S &5 5 g
Gl 3l Caslie cpl il sl ey S glie A e
05 ol Ol Jhals s mesothelin | 55505 5 O g wdlto
S Olgean TACE 25 [EV],—2 o ol
ods3 SSIP s Cuaslie aslsbl pn  sLis 5 SIS
Oly Jals a5 ud osls Ol (glaadllas s ool su i
Sl e —olal SIRNA G b 51 TACE
[EATs 5 0 SSIP @ Gua glad shor sl

s la b S el 3 Shes p55 Al > e
s ks O olgew Furin el T Jl

28 debouganin

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

5l LB 5T Cowpid oliS S o5 a5 )
Gl s gl 5 amslion A Jle b [P ]S Gl
o5 VT I (e 53 15 B e i oS S o
i ) 4 s S Gl [, PE3B I fpegs 5 sl
PE24 ;oo oS 5isimsl A2 A5 PE24
5 s o OLES (658 lms 15 sl HA22-LR-8M
Lix o wlyopt ol s Cdld b s o
[ 1ol 03 S

o | PE24 54515 b 55 LMB-T20 (oS 5 g
T st oS o ezl o o1 s oV
(S Sdshe Gln Com o Bedd 3l
LEVINS 6,55l T ladsbw 5l 3l ol sl )
Olsn i 4 1y 2135 easl 45 opl (8 Oliiea (il
G W PE24 & 1) ooVT i Ve sl
i T 5B i) oSS 5 sla 5
Lo g LMB-T14 S g gasl C 5 opl 4 s
S s opl L (32)(dsFV-PE24 Lk s5e i)
LS me B glacaw sid Gl gl S e e
gt ke T o) Glac 5 gl A 5 sl
e sWoleys 5o LS olas sl slagsslsds 5 (SO
O 1 bS5 gl ader 5085 5
Gl S gl S o ul Sy ol [EY]uas e
WLOIPE24 T Cow sod O 5 ol Bl 5 2o e
03081 LB3ls o> Il syl b WLy 55 3 e
ShSe [EV]aees e ol
> LMB-100 el Lol d o5 smsl Sla S 55 s
O Jsd) cl b ol ds o s sl I
Le¢]

245 )L?;J b gﬁ"b&“‘“‘i\

oo lakl gla e G Lo s v
CD22 Jl‘""‘s):}’“'“ﬂ‘ R O.L\))w‘ & L;LAoKil:-
L s e Jol>= Anti- CD19 scFv s Anti —scFv

" bouganin



b gladhe Cuslis 2alS 4 Xl5 s 5505l
L0V]s 55 Lo S 55 55 5o

ASSaa ol ge Ol gea lagsb gLV

55 el Jsane slagesl 5151 o S sl
Jelse cplaols 55 55 1y Ga 05 51 @ edipd feae
S sS Slm a 3Il gene slagesl il 4 s
w30 1 Ll ol 5058 sla S5 5 Ll
O Jail gl oYU el 395 5l as ol
W S 55 55 youl A 55 55 Laconly il 51 1t [0 ]cas
S s Shas w4 dalsl 3 | el sl |
S el (LS 2 g Gla S S s sl
VEGFR2 A& :peuS 55 65 gosl V-V

53 YO 5 30 Ay S ek, Oly il 5l
i 25 5 s Rl o L sa s Sl
Gl S 5 3 sasl S VGRND-PE .05 dal g
Olpeas PE38 oS53 5l aSs 4 0 O sma (g3l 50
2455 0L) 203KDR ke 635 i 3250 050 o
! Sl Slee o (e S5 el (0l L (VEGFR2
[oN00]ils (505 Ay ialS ame 53 5ol S
CD7 dd S 55 55 goal Y-V

P 3 S e S Olsea CDTT S L
355 51T g p 58 5 sl B3 O,
VHHG l aalllas & s s o OL5 0Ly 158l
OSSPyl Dl 3 eslina 350 (3L S0 Ol seas
PE38 5l poman Ad eslial Jybow Syl ol ade
el ) sl A 63 a3l e i Ol e
5 013 Shas (AL o g0 53 (e S 5 53 500!
AT e Gl (1153 5 5o 5 lad e e
LoVIsls oles 1,

HSV-2 glycoprotein D &b -puS &5 5 gau) Y-V

30 Cluster differentiation

I RCIUUN B g 35 R F] I W KE P o
03, 45 Tl ol i ot l glaadlle s 3505 (o505
555 31 wlisess 5w PE S5 4 oo Daudic 5L
S AL yala g gw gy des e LA S glie
@3le I b slie s furin oy Jobwesy ol s
oS 5 gel 4 Sl e WS e 65 | S0l
SalS oS Al jasie o Sos gandllas o [EA]ASL 50
S Sl 4 Daglie a8 w5l e S 0L
Ol S2als &8 il OF Coenl 5l a5 355 o o
Fhr s Gl e ey hadh el S
e s U3 e nl 5 200 Sl S 5 5 5]
0,8 5 Sas s w0 Vlazl 31 cplcal 1 of

Lor]oaloss Sl gad s ai,y 55 )l
G P B8 S 5yl 3 Shes 0 g a1
SIPE S 55 s sasl Jlo () ol Ol J g 5o
ausld .l ADP-ribosylation L « L se 555
S ¥ ol 5w b 586 s diphthamide
ol dcpl by s e OF s Ses b 55 o (EF2)
> Sles o diphthamide i L L1 o Sl 5456
S Cslod i et e glasdlas j3 e aalsl s
335 4= DPHA 5 DPHL sla, s say, O se—edlite

TOV=0VTs 55 o oo cpomS 5 5 gaul 2iin Conslis
02,5 I b S 5 5 s0al Jos e sl 51 2T > s
e A3 Jee el sk 51 53 Sl Al 3
o G S 55 ) a5 ML U050 5 Shos
S5 o Jsee DAC iS5l oS S ML sl
By s Oy S50 gl odiiS Jlad Olgea Bac
AL poler Al e 3 e S 55 el 4 el
s gla, S L Sl gl s Ol

Ao oS Oly il 3l Sles 558 oo plonil 555 5 s

2 Vascular endothelial growth factor receptor 2



Ve J'.;.:L: Y AJM AY 099>

S S5 e Sl Lz pp S L (L )
o 515 ol ) a3 o L
Ao b Y Ll s b o gas e sl 05
Sl 650 e 035 Bl L L L o | K55
B R e = ek L ST RS SY RN IPL
53 by QLI 5 Jobo 0505 s gim laodiylosl
o i a Ll b WSosaldlg s Sk db
b 5S ary Dog pola] e (Ga) 05 sl Cliv
€5 &S Jar olant NS sl S el
b T S eslinn | syt JEe e e e IS
sl ) Oua jaey olast] Ko 4 S Sius
Sl Al asls Jho w5555 6l 2L LD 5 us
sbds sbad WS sasl e 30 Jlesl
Gl 5 ladhe 53 atenr ot gan 3l (5 K0y
— S sl S 5o el 4 ULl (6)5 8 a8
4= b Lleas sl -0 slailb o Oleys (gl Laas
o5 il GOl w3l o s3 Ar 5l i 8 ol &
b Sl sla 500 el s ol p3Y s sl
S oS ol e S Ssel 4 Bl 3 5 A
bl A el 3 i | el =k S ey
S 7 e el elie (Bae) 05T ol sl
—igr 5 058 Ol Ol 4 4 5 L (s3b 5T
g0 kb oseg S3L I 4 e 35k sl ool BT
038 53 S A JSE & eSSl B3, S 1 e
ol ol 53 K 5 G S5 w5 S Gl
4 e S sl 51 B lde JWl s ph L e e g
oslial ol g SLALSS 51 S Sy Jw st
Sl b el Ll s el bagols ol 51 Je
o A kel Gl A la e S 5 ) Sl
L oS a2l b 53 358 B by 35
bl b Ol w5 Sl Sy S Olgea

Olays s s b 3 maS Ll s s el oY Ll leds

UAJJA%; om'.ﬁ 6)}\;5 C--\-l}

(HSV-2) (oSooaw a2 rans T eoled o e
slasole = San Jo 15 nidsems 5 (S Olpen
HSV-2 glycoprotein D 24 .5 35 o o smrmes o lis
3355 5 Jal s Jb o 05 ST S Ol e
Goore O dshe wdpbe (3 2nS 5 G p esns
 dsh S Sl s 038 S5kl o
el ol o3l | RBBEXOA (oS 53 55 youl Sl J sk
ol 05 5T ade L5l 5 S 5 55 el o]
s Sldlae 534S 5 e S Cda ise Olgsa
e 3 0 3 Shas HSV-2 w4 o301 sla I (555
[OA]CiS cdalive s 0

So0be KT et g (g S 4 A

A GIs 1 ol IS on S s S e
RERCCP FUEN§-JRVRP TN NP PUNPI TN
4 pa e Sho pa > W 4 S e esline | sk
e s ool Saslie 55 5 VL 8 Jie (60
weonl edhe Ky e sl a4 Ol Olays sl
b ooslize ) 53l b S 5 el &S ol Ll
S5 a5 e s s Sl et sl e
b lss oS5 Koo Slbiw as sla lale b alblizs
0815 s Oleys 1) Slays e s polie SO s
o Ll e S sl 53 U5 e e [
2> Jla sl S 5B 1 RS, JIG s S S s
anti-CD3 (sla S 5 gl oS 5 e el
s e 3 Ol s sl antiCD7 1gG-ricin 5 1gG-ricin
am pslie 5 (GVHD) 0L e ale dsy (ol
TV Tl 0l slisl g 5 j2uel 5505, 55

3 G w53 3L sl Al S o nl
ade LT 5 b oS sl sy e oS 5 gl
S s lad o (Lo sen 5 2 sl 58
b sl Ly 5 oees S Sy S
L ALS 5 LS psen 5ol ad 5 (ba oS 5 s



2019;3(4).

[13] Manoukian G, Hagemeister F. Denileukin
diftitox: A novel immunotoxin. Vol. 9, Expert
Opinion on Biological Therapy. 2009.

[14] Janus A, Robak T. Moxetumomab pasudotox
for the treatment of hairy cell leukemia. Expert Opin
Biol Ther. 2019;19(6).

[15] Syed YY. Tagraxofusp: First Global Approval.
Drugs. 2019;79(5) :579-583..

[16] Wang B, Liang M, Yao Z, Vainshtein I, Lee R,

Schneider A, et al. Pharmacokinetic and
pharmacodynamic ~ comparability — study  of
moxetumomab  pasudotox, an immunotoxin

targeting CD22, in cynomolgus monkeys. J Pharm
Sci. 2013;102(1).

[17] Pemmaraju N, Lane AA, Sweet KL, Stein AS,
Vasu S, Blum W, et al. Tagraxofusp in Blastic
Plasmacytoid Dendritic-Cell Neoplasm. N Engl J
Med. 2019;380(17).

[18] Kreitman RJ, Dearden C, Zinzani PL, Delgado
J, Karlin L, Robak T, et al. Moxetumomab
pasudotox in relapsed/refractory hairy cell leukemia.
Leukemia. 2018;32(8).

[19] Naglich JG, Metherall JE, Russell DW, Eidels
L. Expression cloning of a diphtheria toxin receptor:
Identity with a heparin-binding EGF-like growth
factor precursor. Cell. 1992;69(6).

20. [20] Kim JS, Lee MS, Kim JH. Recent Updates
on Outbreaks of Shiga Toxin-Producing Escherichia
coli and Its Potential Reservoirs. Vol. 10, Frontiers
in Cellular and Infection Microbiology. 2020.

[21] Hassan R, Bullock S, Premkumar A, Kreitman
RJ, Kindler H, Willingham MC, et al. Phase | study
of SS1P, a recombinant anti-mesothelin
immunotoxin given as a bolus 1.V. infusion to
patients with mesothelin-expressing mesothelioma,
ovarian, and pancreatic cancers. Clin Cancer Res.
2007;13(17).

[22] Erickson HA, Jund MD, Pennell CA.
Cytotoxicity of human RNase-based immunotoxins

requires cytosolic access and resistance to
ribonuclease inhibition. Protein Eng Des Sel.
2006;19(1).

[23] Smallshaw JE, Ghetie V, Rizo J, Fulmer JR,
Trahan LL, Ghetie MA, et al. Genetic engineering of
an immunotoxin to eliminate pulmonary vascular
leak in mice. Nat Biotechnol. 2003;21(4).

[24] Wang H, Song S, Kou G, Li B, Zhang D, Hou
S, et al. Treatment of hepatocellular carcinoma in a
mouse xenograft model with an immunotoxin which
is engineered to eliminate vascular leak syndrome.
Cancer Immunol Immunother. 2007;56(11).

[25] Meng J, Liu Y, Gao S, Lin S, Gu X, Pomper
MG, et al. A bivalent recombinant immunotoxin
with high potency against tumors with EGFR and
EGFRvIIl  expression. Cancer Biol Ther.

3 M5 s g olen Ja K5 Lolse
K a S Ceds 4 sl
a4

[1] Cruz E, Kayser V. Monoclonal antibody therapy
of solid tumors: Clinical limitations and novel
strategies to enhance treatment efficacy. Vol. 13,
Biologics: Targets and Therapy. 2019.

[2] Munir I, Naseer RD, Sultana A, Naseer A,
Shaukat B, Sultana F. Immunotoxins, an advance
tool for cancer treatment; Review and update. Vol.
75, Acta Poloniae Pharmaceutica - Drug Research.
2018.

[3] Wayne AS, FitzGerald DJ, Kreitman RJ, Pastan
I. Immunotoxins for leukemia. Vol. 123, Blood.
2014,

[4] Spiess K, Jeppesen MG, Malmgaard-Clausen M,
Krzywkowski K, Kledal TN, Rosenkilde MM.
Novel Chemokine-Based Immunotoxins for Potent
and Selective Targeting of Cytomegalovirus
Infected Cells. J Immunol Res. 2017;2017.

[5] Sun M, Tang H, Gao Y, Dai X, Yuan Y, Zhang
C, et al. Constitutive expression and anticancer
potency of a novel immunotoxin onconase-DV3.
Oncol Rep. 2016;35(4).

[6] Mei X, Chen J, Wang J, Zhu J. Immunotoxins:
Targeted Toxin Delivery for Cancer Therapy. Pharm
Front. 2019;01(01).

[7] Pastan I, Hassan R, FitzGerald DJ, Kreitman RJ.
Immunotoxin treatment of cancer. Vol. 58, Annual
Review of Medicine. 2007.

[8] Kreitman RJ, Tallman MS, Robak T, Coutre S,
Wilson WH, Stetler-Stevenson M, et al. Phase | trial
of anti-CD22 recombinant immunotoxin
moxetumomab pasudotox (CAT-8015 or HA22) in
patients with hairy cell leukemia. J Clin Oncol.
2012;30(15).

[9] Alewine C, Xiang L, Yamori T, Niederfellner G,
Bosslet K, Pastan |. Efficacy of RG7787, a next-
generation  mesothelin-targeted  immunotoxin,
against triple-negative breast and gastric cancers.
Mol Cancer Ther. 2014;13(11).

[10] Groth C, van Groningen LFJ, Matos TR,
Bremmers ME, Preijers FWMB, Dolstra H, et al.
Phase I/11 Trial of a Combination of Anti-CD3/CD7
Immunotoxins for Steroid-Refractory Acute Graft-
versus-Host  Disease. Biol Blood Marrow
Transplant. 2019;25(4).

[11] Krishna BA, Spiess K, Poole EL, Lau B, Voigt
S, Kledal TN, et al. Targeting the latent
cytomegalovirus reservoir with an antiviral fusion
toxin protein. Nat Commun. 2017;8.

[12] zhao P, Wang P, Dong S, Zhou Z, Cao Y,
Yagita H, et al. Depletion of PD-1-positive cells
ameliorates autoimmune disease. Nat Biomed Eng.



AFXA| J'.:’.:\.: Y eJL«...’;" AY 099>

engineering of deimmunized biotherapeutics. Vol.
39, Current Opinion in Structural Biology. 2016.
[39] Salvatore G, Beers R, Margulies I, Kreitman
RJ, Pastan I. Improved cytotoxic activity toward cell
lines and fresh leukemia cells of a mutant anti-CD22
immunotoxin obtained by antibody phage display.
Clin Cancer Res. 2002;8(4).

[40] Onda M, Beers R, Xiang L, Lee B, Weldon JE,
Kreitman RJ, et al. Recombinant immunotoxin
against B-cell malignancies with no immunogenicity
in mice by removal of B-cell epitopes. Proc Natl
Acad Sci U S A. 2011;108(14).

[41] Mazor R, Zhang J, Xiang L, Addissie S, Awuah
P, Beers R, et al. Recombinant immunotoxin with T-
cell epitope mutations that greatly reduce
immunogenicity for treatment of mesothelin-
expressing tumors. Mol Cancer Ther. 2015;14(12).
[42] Dingman R, Balu-lyer S V. Immunogenicity of
Protein Pharmaceuticals. Vol. 108, Journal of
Pharmaceutical Sciences. 2019.

[43] Moss DL, Park HW, Mettu RR, Landry SJ.
Deimmunizing substitutions in  Pseudomonas
exotoxin domain Il perturb antigen processing
without eliminating T-cell epitopes. J Biol Chem.
2019;294(12).

[44] Hollevoet K, Mason-Osann E, Liu XF, Imhof-
Jung S, Niederfellner G, Pastan I. In vitro and in vivo
activity of the low-immunogenic antimesothelin
immunotoxin RG7787 in pancreatic cancer. Mol
Cancer Ther. 2014;13(8).

[45] Cizeau J, Grenkow DM, Brown JG, Entwistle
J, MacDonald GC. Engineering and biological
characterization of VB6-845, an Anti-EpCAM
immunotoxin containing a t-cell epitope-depleted
variant of the plant toxin bouganin. J Immunother.
2009;32(6).

[46] Shancer Z, Liu X fen, Nagata S, Zhou Q, Bera
TK, Pastan I. Anti-BCMA immunotoxins produce
durable complete remissions in two mouse myeloma
models. Proc Natl Acad Sci U S A. 2019;116(10).
[47] Hollevoet K, Mason-Osann E, Miiller F, Pastan
I. Methylation-associated partial down-regulation of
mesothelin causes resistance to anti-mesothelin
immunotoxins in a pancreatic cancer cell line. PLoS
One. 2015;10(3).

[48] zZhang Y, Chertov O, Zhang J, Hassan R,
Pastan |. Cytotoxic activity of immunotoxin SS1P is
modulated by TACE-dependent  mesothelin
shedding. Cancer Res. 2011;71(17).

[49] Mansfield E, Chiron MF, Amlot P, Pastan I,
Fitzgerald DJ. Recombinant RFB4 single-chain
immunotoxin that is cytotoxic towards CD22-
positive cells. In: Biochemical Society Transactions.
1997.

[50] Liu XF, FitzGerald DJ, Pastan I. The insulin
receptor negatively regulates the action of
pseudomonas toxin-based immunotoxins and native

UAJJA C‘-;J.Js om'.ﬁ ‘SJJL.J’ b’--ul}

2015;16(12).

[26] Cheung LS, Fu J, Kumar P, Kumar A,
Urbanowski ME, IThms EA, et al. Second-generation
IL-2 receptor-targeted diphtheria fusion toxin
exhibits antitumor activity and synergy with anti—
PD-1 in melanoma. Proc Natl Acad Sci U S A.
2019;116(8).

[27] Jabulowsky RA, Oberoi P, Bédhr-Mahmud H,
Délken B, Wels WS. Surface charge-modification
prevents sequestration and enhances tumor-cell
specificity of a recombinant granzyme B-TGFo
fusion protein. Bioconjug Chem. 2012;23(8).

[28] Schmohl JU, Todhunter D, Taras E, Bachanova
V, Vallera DA. Development of a deimmunized
bispecific immunotoxin dDT2219 against B-cell
malignancies. Toxins (Basel). 2018;10(1).

[29] Olsen E, Duvic M, Frankel A, Kim Y, Martin
A, Vonderheid E, et al. Pivotal phase Il trial of two
dose levels of denileukin diftitox for the treatment of
cutaneous T-cell lymphoma. J Clin Oncol.
2001;19(2).

[30] Kreitman RJ, Hassan R, FitzGerald DJ, Pastan
I. Phase I trial of continuous infusion anti-mesothelin
recombinant immunotoxin SS1P. Clin Cancer Res.
2009;15(16).

[31] Mazor R, King EM, Pastan |. Strategies to
Reduce the Immunogenicity of Recombinant
Immunotoxins. Vol. 188, American Journal of
Pathology. 2018.

[32] Mazor R, Onda M, Park D, Addissie S, Xiang
L, Zhang J, et al. Dual B- and T-cell de-
immunization of recombinant  immunotoxin
targeting mesothelin with high cytotoxic activity.
Oncotarget. 2016;7(21).

[33] Mazor R, Onda M, Pastan I. Immunogenicity
of therapeutic recombinant immunotoxins. Vol. 270,
Immunological Reviews. 2016.

[34] Kreitman RJ, Wilson WH, White JD, Stetler-
Stevenson M, Jaffe ES, Giardina S, et al. Phase | trial
of recombinant immunotoxin anti-Tac(Fv)-PE38
(LMB-2) in patients with hematologic malignancies.
J Clin Oncol. 2000;18(8).

[35] Filpula D, Yang K, Basu A, Hassan R, Xiang L,
Zhang Z, et al. Releasable PEGylation of mesothelin
targeted immunotoxin SS1P achieves single dosage
complete regression of a human carcinoma in mice.
Bioconjug Chem. 2007;18(3).

[36] Gelber EE, Vitetta ES. Effect of
immunosuppressive agents on the immunogenicity
and efficacy of an immunotoxin in mice. Clin Cancer
Res. 1998;4(5).

[37] Hassan R, Miller AC, Sharon E, Thomas A,
Reynolds JC, Ling A, et al. Major cancer regressions
in mesothelioma after treatment with an anti-
mesothelin immunotoxin and immune suppression.
Sci Transl Med. 2013;5(208).

[38] Griswold KE, Bailey-Kellogg C. Design and



Chemother. 2015;59(1).

[57] Dillon RL, Chooniedass S, Premsukh A, Adams
GP, Entwistle J, MacDonald GC, et al. Trastuzumab-
deBouganin  conjugate  overcomes  multiple
mechanisms of T-DM1 drug resistance. J
Immunother. 2016;39(3).

[58] Chandramohan V, Bao X, Yu X, Parker S,
McDowall C, Yu YR, et al. Improved efficacy
against malignant brain tumors with
EGFRWUEGFRvVIII targeting immunotoxin and
checkpoint inhibitor combinations. J Immunother
Cancer. 2019;7(1).

[59] Dillon RL, Chooniedass S, Premsukh A, Adams
GP, Entwistle J, MacDonald GC, et al. Trastuzumab-
deBouganin  conjugate  overcomes  multiple
mechanisms of T-DM1 drug resistance. J
Immunother. 2016;39(3).

[60] Chandramohan V, Bao X, Yu X, Parker S,
McDowall C, Yu YR, et al. Improved efficacy
against malignant brain tumors with
EGFRWU/EGFRvIII targeting immunotoxin and
checkpoint inhibitor combinations. J Immunother
Cancer. 2019;7(1).

[61] Rahbarizadeh F, Rasaee MJ, Forouzandeh M,
Allameh AA. Over expression of anti-MUCL single-
domain antibody fragments in the yeast Pichia
pastoris. Mol Immunol. 2006 Feb;43(5):426-35. doi:
10.1016/j.molimm.2005.03.003. Epub 2005 Mar 25.
PMID: 16337485.

pseudomonas toxin. Cancer Res. 2013;73(7).

[51] Wei H, Bera TK, Wayne AS, Xiang L,
Colantonio S, Chertov O, et al. A modified form of
diphthamide causes immunotoxin resistance in a
lymphoma cell line with a deletion of the WDR85
gene. J Biol Chem. 2013;288(17).

[52] Wei H, Xiang L, Wayne AS, Chertov O,
FitzGerald DJ, Bera TK, et al. Immunotoxin
resistance via reversible methylation of the DPH4
promoter is a unique survival strategy. Proc Natl
Acad Sci U S A. 2012;109(18).

[53] Hu X, Wei H, Xiang L, Chertov O, Wayne AS,
Bera TK, et al. Methylation of the DPH1 promoter
causes  immunotoxin  resistance in  acute
lymphoblastic leukemia cell line KOPN-8. Leuk
Res. 2013;37(11).

[54] Behdani M, Zeinali S, Karimipour M,
Khanahmad H, Schoonooghe S, Aslemarz A, et al.
Development of VEGFR2-specific Nanobody
Pseudomonas exotoxin A conjugated to provide
efficient inhibition of tumor cell growth. N
Biotechnol. 2013;30(2).

[55] Tang J, LiJ, Zhu X, Yu Y, Chen D, Yuan L, et
al. Novel CD7-specific nanobody-based
immunotoxins potently enhanced apoptosis of CD7-
positive malignant cells. Oncotarget. 2016
Jun;7(23):34070-83.

[56] Geoghegan EM, Zhang H, Desai PJ, Biragyn A,
Markham RB. Antiviral activity of a single-domain
antibody immunotoxin binding to glycoprotein D of
herpes simplex virus 2. Antimicrob Agents



VErY 5eb F ojled MY e, R VRGN AT PSP C SIE

Toxicity and immunogenicity; two main challenges of
developing immunotoxins

Payam Zandi!, Fatemeh Rahbarizadeh?”*

1. PhD. Student, department of Medical Biotechnology, Medical School, Tarbiat Modares university,
Tehran, Iran
2.Professor, department of Medical Biotechnology, faculty of Medical School, Tarbiat Modares
university, Tehran, Iran

Rahbarif@modares.ac.ir

Receipt: 2022/04/06 Accepted: 2022/08/27

Abstract

Immunotoxins are an attractive way to treat cancer; in this method, high-
cytotoxic protein toxins target cancer cells specifically. An immunotoxin
consists of a targeting component (an antibody, cytokine, or other protein that
binds to the cell), that is chemically conjugated or fused in DNA level to a
cytotoxic cargo (a bacterium, plant or cytotoxic human protein).
Immunotoxin, with the help of specific receptors, recognizes the target cell
and enters the cell by endocytosis. After entering the cytocell, it kills the target
cancer cell with the help of a toxic component. Although various
immunotoxins with different structures have been studied and tested in recent
decades, only three immunotoxins Denileukin Diftitox, Tagraxofusp and
Moxestumomab Pasudotox - have been clinically approved for the treatment
of leukemia. In this article, we review important research and two challenges
in production and development of immunotoxins that have limited their
clinical success. Further, we highlight methods to overcome these obstacles.
These challenges include target and non-target cell toxicity and immunization.

Keywords: immunotoxins, immunocongucate, toxins, cytotoxic proteins,
non-target toxicity, immunization.



