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! Cytokine Release Syndrome (CRS)

2 Immune effector cell associated neurotoxicity syndrome
(ICANS)

® Tocilizumab

* Chimeric antigen receptor- Natural killer cell (CAR-NK)
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2 Transmembrane domain
® T cells Redirected for Universal Cytokine Killing
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Table 2: Evidence of efficacy of three major CAR-T-cell products in the treatment of refractory or relapsed
large B-cell lymphomas.
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Table 3. Complications and limitations of CAR-T in the treatment of non-Hodgkin lymphoma.

s ,le] Codguxn oobdol 39 9 o)y OllisMo/ guals’ sl S5 g
CRS (ZUMA-1 5 30,8 AY )Y 59, RURW- R FRU-S- P B S
9o ;010 1 S W a0l
Ly wiwl g Glog julwed b J s JB
ICANS (Mo, £+ dg02) a>g5 b8 59 Wb wle suidsS g cul u5~°-° .
3,10 &l CRS L cdele
GBS mas sl wojloe
Solons 052 RC 51y &2 Ohlesm 3l g2 )2 b s o

(CD19 ol cowd 31 30) S5.55T 41,8 @
)90 Microenviron buwgs ;o ©

G Rd o wd [0 Codgdone

I
ouazmy g ouglw paed ddgi -
(axha V-F) (Vb oy ploj -
YUl 4y 32 -

sl g mi 5 gl CAR-T pwaige ‘U)gs“"T oole
> 3 (TRUCKs gl Jud) TL-12 0sile 15 giesl
Mg S Syl slalsle e Sssll CART

s el L ady by s kane

ve

NHL 3 ouig] gy —F-Y—F-Y

CAR-T sl 5 @bl ssete Jbid & ) sla gy
Sooolaial s els g lao sl s apgad o
5 CD19 \lojad 5,5 B0n sl alfgs yogs CAR-T

Cawd 5l S8b sge 3l 6T gl jelaie 4 CD20 L, CD22

! Dual CARs



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

v : ]

s olpen Gl ade Won Gilem 5 e g
sl Ygano 4 CAR-T sla Jsho G35, 1 Ssill 0,15
|, CARNK (sl Jshor (Solsil) sigd dngs Lo 395
solel" Jgame G lgie @ ol BauSlaal 51 olg o
s e b ol @ (e 8 05 oy S as
5| 4l was >lb CAR &b 3l L & CAR-NK
s5le) NK gla ol 15 S0isS (slopanslSo 5 b
Gl WS oe ahom o084 1S (Jeke oyl plulis
ol 1) gl e Sl gess L8 Jlisl o (S
shoslainl Sl pndy wlhide 5 goie Joku milin .00 o
5 oad Wl oy ool slashe anle Lalize mlie
Fadpods 9yie g ogil adgi slp 1) are) (S sy o
a1, CAR-NK oS35 ol 55lse walp lo ko o
ok slaple;s Gom Jousd 55 w08 5 Sl gla ;S

(F Jgoz) Wlos,S o
adsl Sl algd ¥-O-F

@"Laﬂ)Lf 39 CAR-NK i5u,il 51 b swled s
&l,l MD Anderson Sy 55 56 5o e ¢ Rezvani
b os 93 5l Gie CAR-NK sl Jol o] ;o a5 o
o,00 NHL g ALL 4 Mo ol)les ;0 CD19 ale
Vsl Ve as ol plis mls s )3 1,8 eolal
ICANS L CRS j5r 90 25 b6 ol by o
olis b Oldllas oopl poopdle [VAlLs svaliaw
o5l 5l slos S il ade WCAR-NK 45 ailssls
s>, LB HER2 § BCMA £D22 £DI19 ale>
S5y adsl Sloiagy 5wl slaygag yo [NA]as

swsuaaal GD2 g HER2 ade wiedon sWCAR-NK

2 Graft-versus-host disease (GvHD)

(shie CARNK bsbs U lygignsl —O-F

adgl (Sl aplgls 9 Lo
@S izl 5l (S ol 4 (grmb 00niS a5l
oor o s el QUls (SIS el s
@5l osn 1y uans 4 eagll 5 Sl (slaJsbe
b o ladshe Gl 55k (Shs Wl (LS gsle el
Jols S5 a4 e3pm e 5 6095 sladebe b
s | byl oS e g eoS s sla K
NK sl Jslo T sl Jsbo b anslio o [V0]cal 05,5
Vg GHlowm Oozmed (22)lse Sl o S Hlas (l)ls
lmdi &..J)jﬂ @L;.o )‘l oolazw! O&A‘ g 009 UL).\A ade

A¥lewd seal i

CAR-NK ;1 sslasiuwl ghio —1-0-Y

4o B slocusgaone WCAR-NK 4 a>g5 Lol JJo
OBk 59z (Jle ploie 4 Canlaare; (> 0 CAR-T
@ CAR-T o> (p)lse | (S 535,55 5 (525 i
Mg Jdo 4 NK laJolo (Jlie ;o gy Jlad
aoey ! 00 GreS Plse S g Soal S
5/ NK sla ok dngs oSal piman [16]0i5 oo sl
IPSC (slaJoho «SU oy asmmo (55 polai cilidee wlie
dagi 53 Sy e a5 sl pald Jolo bk

[17]555 oo Ggmmme €' G s o3lel Y gama
CAR-T 4 o CAR-NK (gbl30 ~¥ -0

Cuje cpiiz ooe bl ekl 4y CAR-NK sle Jolu

293 4l Fggel 03> ;0 1) ook axg S
S s adei b o Jobo cpl iYL el cailes,S
Siwolil pyoiw 5l gladl gals as L o5eS ol

L Off-the-shelf



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

Ivelewt ssile (8L jgeg Lanos 5,Se

4 3585 aile gousie sl > lizen ax ST ilosy

CAR-NK gloJglw guals gLl .F Jgax

Table 4. Key benefits of CAR-NK cells.

S il 3 end g <y ol daly
Sl ks IL-1, TL- wiile) 568 el slagnS s 958 | Nigmy slows 9 CRS gy s puSadir Shals
2305 GVHD 55,0 pae 56 (GVHD) ¢y 50 ake

S35l oy el

by palatsl o35l ololid 4 (Sly pae
NK b_ll.) ‘5&&@_\5; Ja...;y (8995 el 6995)

31 " e gl oolel Jyaze' colw oSl
31 6ol olaxi yloys gl p plw BasssTual
R

GlEg0 5 509500 Collad

2958 sl
sladobs o5 5 lules NK 18 clls
ek 005 Jlab (slooni e b 5l Sy
(INKG2D uuile)

Sl39 3 y9098 55T )13 Jleim! Grals
oloys I 2

Sk 05, (3L oy e3> wile (il 5l eolaiul
oo Wl o5 ol sla Joluw s NK-92
(&iPSC)

b 0ty (39 k0 3 O ol cogeil Al e
<500y o yiwd (5l

il palS Jelge G Smen ) Seied (o rwd Elgs

L5t (Sl -7 ¥
SS 292 pae walr sl jgegi 3 (ol S ) ( Sy
S conay Byl C Sy 5 ol 5
el 5 00,08 5bay CD19 wiile plapys il &5 s>
el lags il plo sl sloygeys 5o igh o Glo
L 4 e aies ol VY] cll Lg g Keals
Sa3e98 sladsbe Ol 0 a5 oy sl €5

b oo anlol jg095 0, g aiile oo (BL Bas 5 0T w8l

! Antigen Heterogeneity

1

00is] o § (S Copridg —F-0-Y
39,50 WALl LCARNK jiin ol 5 Llio 4 a2 b
= b beSe s a4 ooy eanl o ool ol
Jo ol b wisd grhe CART ol slosilly 3500
dpe) 5 ohus fedinS Sl leesls 4 LS
a5l 5l ooliasl ool 3L liman wsl> cloges8
5 plgs wlidl sl CRISPR-Cas9 oaiile o5 Lilps
29 s S pmee 3l LCAR-NK IS

B9 o0 Dgmo 0592 (nl )
sl b ,gogi yo LGl —F-Y

ooy o az81 CAR glajshe L olisise
2o Ll 008 slml Sl Syt sl ety

5 ] S55eal ¢ jses e §,Se sduzy Conle



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

6Lm Q‘.&.S_é CAR GL‘I’JﬁL” w OB g;"lm
20,5 a3l jg095 (hndal Cooglie

y e Gl ol byl -F-F-Y
bl

Sty g3t 5las o) Mt (pl p Al sl
a6 S Bue Sl b was s GCAR el onls
L CAR oS 5 o 3551 58 Jlaia (2als ol 035
sk lrey! looasS Lo aile Kis slaleys
Lol gwarge dosle (S L ablis Gl ol
4 48) TL-12 wle ouisS Jbd slo S s i3 S
95 pyaelipgil glp (widsme "CAR-TRUCKS
oSl &y 3585 Gl ool Ohol sesi L
5 Pnslon asle ol ol Gisb 3 Jborss
b gegs J21o 4 e 30,5 alox 5l (mdge Jlin]
oo 50 Glogiow)l5 )0 lae M) G olyis
Coibge a5 wload el wol> slojgess sloillr
adgl sales ax 31 0il sgaze 05> (pl 0 LCAR
CAR- 5 CAR-T ;| oolawl yog pdy Sl caums L
Syl a5k Lol el asl> lajgeg (S0 50 NK
5 ) Bloo g e Gl oS5 sleo S, g a5l
0an| e el bl Sjgpe S lien (el
Gk 5 sl (mhaniz cwaige p b Slides

IVYlast 55 et ol 63,8 slo Sig b oo,

ady 3 9 5y whdo wdgi wiul 3 -V-Y

CAR-NK ¢ CART oy onls -)-v-¥

2T cells Redirected for Universal Cytokine Killing

v

0395 4 B ok (owyiwd 9 (S b &lgo —Y-F-¥
G909

B9, 9 (& Log il 03,28 LSl 6l)ls ul> sla g0
<l 4 CAR GlaJoho S9i ilo o5 aitan (oanibo s
pShie Jobog)ls S05L
Sl oo (Sa3ed ' gag5 b dasi e slocandlg e
=Ulg CAR la ok 51 o> casms yo [YY] oS

4 S s sl oaslb Q')“G‘:.;T elolis

s3> g “‘-‘5-“’6’“

5,05 (559095 sl Jghe

P95 0 y9098 busro 9 S —¥-F-Y
slasliy Sk (Treg aile sl ;5055 o slo Joks . 0iS oo
b o g i 5 L MDSC sla Jslo s M2 g4
o I, CAR o Jshe <odles dL-10 4 TGF-B
slodsae YL ol ol poedle
Q& ymie Jel> sloygegs o PD-L1 asle (gloaisS ,lge

2gb 0 CAR slo Jsho S

Ivfloss

il sl g angl —F5 ¥

@ el sloygegs ;o wiedie sl ST 5l 6 ks 9z

sladshe igdios Ol oo (ormb slacdl jo Sl
Ages g 8L dad locaw] 4 e ailgs o CAR
U‘)L"“‘J )d oS (oW} )5): s U“‘ &M&JW
o b 4, 0 a5 09y HER2 us CAR-T ocnisszély o

28,5 o0 Ol
Lawl plgd o Codguxo —B-F-Y

lﬂ‘jd u)g.:.'kso oodlive ).u A.aJs‘ G...:Ls as ‘50)‘9.0 L) LS"

! Cancer-Associated Fibroblasts (CAFs)



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

Lulpd co g 38 Sl JooS5 5l G CAR sla sl
S O VW Ollosy gl oo 0ils S5k Loy 43 GMP
U ainSee 8 Buiohn Slydsesd Cod &5

[flsge sl CAR (slaJoko ;355 (gl ormlio sliad

SR orbdte gla dl>—-A-Y

@k s a4 eadglpatt CAR sla ol odgs
22,10 (g iy oelie ;o gz slacusgame (0,8 (il
by atan ¥ U Y og0> CAR-T odgi :anl,8 og poyks;
gyt @ ol booblen Gln &5 e
sl sladobe cons DYlas o sbul cosgase
b ocos cal See slem T sbyJske o Sk
Aol asl gals Sleys cend aiile piin slagleys
Ol (paass CiS laowe i iy S le g 4 ks
S5 Sz 5 ause enoiisel (8 slaes 5 GMP
ol g oade Gl osill slaSal, aams o LIl I,
L CAR-T 559l sla sl amwy Jolis lacusgass
solaul gl oolel &yg0ds 0ilgs co a5 sl CAR-NK

IV]05 15 )13 oolis] 8,50 Jlow (i )0 g g
solasd! LMo -1-¥

9 Vb sl CAR slaJoloo b leyo 5 adgi (slaas o
Sl @ Sl Grdipyws o Gl sl 5l (S
O WJyame 4 diws CAR-T (loys auze &l e
Sydise 35l et ;8 gl Yo Beeyen b
e 5 pdiebie o OBl 4 axgs b CAR-NK
owolS CAR-T a4y cos boaiyjo 09, o0 il “Sﬁjjgﬂ
Jolse VPl il sgama (golamdl slaosls 5o Lol wsly
(8 2B (Brae dlse s loy Jold anje » S5e
(iad Cawl GMP Sl o guds ol 4 5l
b 53 ICANS 4 CRS wiile il 65lee loys aiy e

Dgd bl

YA

Sl ol dl> 0 s Jolss CAR slo Jolos adgs ..x.st
ot glao laslinl g aid g (6,9ld aieli plaS 2 aS

b slw 59T gom—V-)-Y-¥

boolew Gl 095 51 T slodshe CAR-T Gl
)...u CAR-NK L.S‘)" JJBMGA LS)BT&QD (QJL...J oauS lawl
5 IPSC ladshe SU w9 b oo mloe

[Y’]w‘ O )ONK b}.‘é}

S5y it —Y 1Y ¥

=9 n9sd )5Sy 5l eolainl b Jsere jsbay b Joles
ol S oo o)y 1, CAR 0w S 05 omg g, b
5 wbly 9 CAR ly mhw casiS s dl> g6

Irlewd ooy yo o she

TSl 9 IS5 -F-)-V-¥
Loy clie ciS bamme o sl o5 Jsil 51 g
L TL-15 JL2 wisle suiiS'Sy 20 slonlS s (0558
©oulS 285 TL-15 (CAR-NK s s oo iS5 TL-21

Dvlsjls Sawes cllsd 5 b ok sl Lais o

o1l S ialosl g CadnS J pus -F-)-v-¥

v (egds a5l b b Joke Glew 4 3,5 51 S
9228 3 29,50 Sogll pae (iS5 LB CAR (L
G550 1nj sl Gl lon dlyo (nl igd (tales]
o Gl o Gl Wi o Shee el b (Soll

Al asls

slows 4 33,5 —0-)-V-¥

! Leukapheresis
2 Ex vivo



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

slosfulinl Glae Wb (G5 U sk 6jslae
CAR- wasie YL 0 :-EMA ¢ FDA .05 slxl GMP
5 Sy DYgaxe lgieas FDA Ol ja0 cow LT
Loyl 5o of alie Wgd oo bl Ay 2g)locan;
iae Vob Sy [Y0]5,5 o vy EMA Laug
JLe VO Plas Sowe gl Wb CAR lojo cov )l
IS Jll (e85 ohbs ) n s sl Gl S

(55 otlng b Sesell S same (6l 05 44 i yS
N PY PERTERVI SRR S

JB (S glagilr L CAR i gl igise]
sladze i Gloys clae g (owtws il olen g2y
Ohlosr (s yiws 53 S plpb & i Wlgi oo Oleys YL
5wl ohlas bl culs, 5 Slo,edbl [v0]sgs
dlas ow SYsb @l 5l g ICANS (CRS ogill slacSns,
4 5k b sgame sl 35 CAR-NK o aail
iPSC 5 Sjgll wlie 51 ooliiul oyls Blis xudys
S5 bS5 sk slane 3550 50 2l SIS
b la sk sl (il 6l (55 Ghalng o)l 2929 ogill
wals olitiepe slodsly Wl (Sl e RalS
el sloygey o b sl slesTls DyvIast
4 el sl ,ges5 ;0 CAR-NK L CAR-T ; ooliu
S Sllaxde apad Cole ) diejls oo Sy Judo
2ibohe jolie (( B Glade 5 el [YP]
(Pilee o pde aiiws CAR-NK 4 CAR-T aswg
e Ve b 9wy Al s o) e sl
Gooid cnl 5l DB g el colitul oaiS e
oo b ity ol Ry L CARNK gl o ogunine
el 1) Sl SVsame arug 5 S, (ials

Syle iy Sladon 5 et ol 4 Lo Lol wsS e

Ya

GRS 9 gl dgmy lp ol e Ve
e 32

055 Sl 5l ookl 1 Sua35l8s e 5 (ygusloss]
5 Py kS Wl e ok 2S5 ciS (ol
5 Yok pled ln 05 GRalng S @l 3, ane alS
215 6ly LCAR-NK L CAR-T g £ige ceellad
slodobe o2zl Glpl g sate slajes 4 5l
g ane ials g ol g el 1 e solel § Ss5el]
Do 4 Joss oo

O Ollasde g Oy o ( Swosl -1)-Y

b (Sl V-1 -Y
LCAR-NK 3 CAR-T a>g LB isujil se>s L
siten ol Gl lizes sl sla S
3ot ady Jdo 4 a5l CAR-T as)le opimls
Sgd oo dlml CAR sla b vy b plgaw o>
Sl cauSaags WS b aws s 5l CRS wul

«CRS

g liwss 5l oolitul Lol CRS a pawe [flecnl e
S ohlew (P ICANS ol aa5eSs 5565 5lS 4
U oS 9 0,0, 3l Wilgl oo a5 Wigd oo gmas OS]
(Dae SYsb Ollas ail e wal Sholawdl 5 miis
953 ol (53, s 5 CAR sl Jsbo (S Lol
5o el adisgaed 5l o gl el 5l o500 Cogac
3 CRS  plge a5 wwo o las eosls (CAR-NK
5« CAR-T I aS 29 BBl 4 ICANS

Dysleas snis sonliv 3 GVHD

5y &y yio —¥-N1-Y
ool & s o CAR gla ko 51 oolizal 5 atss

ey Jolhe soles PGMP s )ls 15 Lo 5 Modliops

! Good Manufacturing Practice



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

LY Tass Wl ) 095 damme 9,50 532580l 23k 5 (Joko
Gk asle olagyly welr slojgey ane) 5o
4 olb-aix L gs sl CAR g abshis sWCAR
IR Jeit (Gisl aiz plpes oS 3ae sl
S ) Ol (el wese a8 ) 5]
CAR ounl )3 (oo G153 523 (paied (Sdjy addn s
ol Saiglgions] 5 Kaj Sledb 5l olizasl b ol
S She b ablas olly L colais] sCAR g
Oleys Coddge Jlaiz 0 Sog, (nl 0,5 (Fhb j3es8 (0,8
k7S nl poedle aas oo NP lagul plos
S oley 5 anze els glagts, 5 CAR sla sl
S oo lgen 1y lagleys nl Fod 2 dnngl s
sbdse 5 Earas S b bgld nl oS5
5 waxd sbpl,s (Hhb Wlgoe oS cngin
CAR- 3 CAR-T ouns] jlaslpiir ot ceyu |, aige
3 Sy9ly i Olidod siejls Ll sl 39, NK
atd (Shp 4 azgi g bole)s oS 5 Johe (cwiige
Al llew 5o eul g Jlasl pdsu il a4 Sliws sl p

Arung j0 oS gldcysgumo- 1YY

CAR- 5 CAR-T (sla sk Y oy Jomsliy o yile
b drwgl 4 alis gy, (goueile sla il L NK
g Sgazme plgs ol ASle axlge Cusgas b, 8]
el o 5o sk cnl sl 5 sk s Jobe (S
olo b aan wiz 5l o Jobo (K g Conl SoolisS
byesi FBl A wpdioe ey LIS el el
S 3l g 0551 Ol (S95eal walx o yges5 50 094
208 0 Siler 2 4 i e 5nl Gl
@S o hame poade i ol pwaipe o Soarn

2 Dual/Trispecific

CAR-NK
slagyls 5 il slocs iy o3l gl o
ol g ARl Rl lp ) die) (S waige
L CAR wux o s el 00,5 o2l,8 CAR sla Jolo
CrSdae Gl (byd ghie o glasbas olhb
o ITVIaiS o wald 1) ile (2 )lse 2alS 5 558
aS ool CAR-TRUCKS drwg g slosygles ;)
5 S 008 Jb sl st S3lnise 305 1, sl
Lo Joho (sl 9 39 it )3 g S b5 1) Ho005 Laome
L Universal CARs [YAlab Sgugs ol (slaygegs o
P95 e Bk 5l ol lem o JU) LB sl CAR
I, S5l slasbo adgs oSl HLA g TCR B> 4
SeS lean e 5wy by hall 4 a5 wles S el 2
4 CRISPR-Cas9 L pgij (ialpg comizmen [YA] S
Seary Rl g (Gl e pln 50 Sueglie plgs al3Sl
LCAR .S 5 .cawl 00,5 SS CAR slo ol (S
N hood laghy, axwss 9 o5k b sla oaisS )l
saals Sl 4 il 3 slas gl alex 5l 5s vivo
aie) 50 LYALOS o malj3 1) cisu 51 l3dl 5 Lo )lse
b o IL-15 5l ool aiile glacd iy (CAR-NK
00,8 wald Sl oo )5 ln ez @ (ol
A (sl M ety 5l LSS U o e
drwgi Oyl Jelo mlio g ojgess calizee gloil 4y Loy
s Johenir owsine b ladbiainr sl
Sl sl ebbdiged sl 00,5 sbml swas lleis
45,90 v Jshw ¢ CAR-Macrophages Jolis (5,qls

SasS b Glejen wiilyd e 45 axtes CAR-NK-T

! Checkpoint inhibitors



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

S Gl sl gps; b sloosls 5 (5,5l8 gl
oyl o Gyls g e tllr onl n el
5 FooyS b laalesl,l5 plnil (Jsho (it
G500 Span & 03lel 5 Sl SV game 3350 dawg

(O Jgoz) ol

woils dadsle Gl el g 905 (el ouiS

Slpbaiw ol b Gloduzn (owiige slasil il
).)‘).' B LS)L“’PBLM Lu (IL'lS A..JLA) OJHSWP

Glale )0 dawgl oM job 4 el 005 losL sla,guS

CAR-NK g CAR-T s Jobw b yloyo azwgi o ol sbrcudgumxo . Jgus

Table 5. Key limitations in the development of CAR-T and CAR-NK cell therapies.

Sl e a5 s oo (S35 3"
D5 0 (6 505505 o, Slae yols Cuvs

Sl aws b sl i B0 g o g oS la sl
Jsko sbcusgase ok (St g ogazeplgs | L atie sz ) ey 003G, sl | W G Ugiaw by (owaiie ®
S g owled (SBL oy o ole (AL-15 Jw)

e saisls jleslaiwle
(BB1-4 Jio) sy Joud

Ol 098 e 1L (555058 sl ok
bl 5 (CD19 Ske) Gow 5.1
S o )13 CAR (sl ol Lawgs
Feals el gl ygegs ;o JSio ()l

ol

- b 99 ‘_thCAR my L4
63970 L3l g S Sun e

29098 sl Iy

Ol 9 59095 5095 o barma p ale
0355 Lol wesls baJsbe sl
& palie slagys Hen) suate slags
laoxi 25 L oi)losl slacnlS gw
sl CAR b &) (o

979 G sy (g3l ®
05 JUS! (owg g 9
"SI sl gy axwgi e
Yos5le

G395 )l SRR
S5k Blse Ol (s
N slcusgase 5 golaidl el sla il
b

ICANS 5 CRS ails oo)lse 1 srasl ®
R L
o5l azds
b5 slaools 4y 5L b e
Saeasdy L8 Glsl gl i

9 Sei3gll Y pamo anugi @
S puan g1y 00kl
Ogwlogil g 63w bl @
adgi aiyl
Sl sl alesT 15 plosit
035 youiz g Jod ywS

! Bispecific/Tandem

£)




3)

4)

5)

6)

7)

8)

9

10) Rezvani,

Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

Tumors, New England Journal of Medicine,
p- 339. DOL: 10.1056/NEJMo0al910607

Maude et al., 2018, Tisagenlecleucel in
Children and Young Adults with B-Cell
Lymphoblastic Leukemia, New England
Journal of Medicine, pp. 439—448. DOI:
10.1056/NEJMoal709866

Neelapu et al., 2017, Axicabtagene
Ciloleucel CAR T-Cell Therapy in
Refractory Large B-Cell Lymphoma New
England Journal of Medicine, pp. 2531-
2544. DOI: 10.1056/NEJMoal707447

Sadelain et al., 2013, The basic principles of
chimeric antigen receptor (CAR) design,
Cancer Discovery, pp. 3.
DOI:10.1158/2159-8290.CD-12-0548

June, 2018, CAR T cell immunotherapy for
human cancer, Science, p. 1361-1364.
DOI:10.1126/Science.aar6711

Eshhar, 1997, The T-body approach to
cancer immunotherapy: From basic research
to clinical application, Springer Seminars in
Immunopathology, p- 367. DOI:

10.1007/BF00970292

Sharpe et al., 2015, Genetically modified T
cells for cancer therapy: opportunities and
challenges, Disease Models and

Mechanisms, p. 337-350. DOI:

10.1242/dmm.018036

Kalos, 2011, T cells with chimeric
antigen receptors have potent antitumor
effects and can establish memory in
patients  with
Science Translational Medicine, p. 95.
DOI: 10.1126/scitranslmed.3002842

advanced leukemia,

2017, Engineering natural
killer cells for cancer immunotherapy,
Molecular Therapy, p. 1942. DOL
10.1016/j.ymthe.2017.06.012

£y

Lamogi 9 (g s ez 1F-Y

CAR-NK 5 CART sloshe 5 cine ol yigige
stz FB Jov (o> slaeetn oloyd 5o onaa
ooy plis etz (b (s85pl g 05 ol
ebeasgame wal> sl ygess o (bl b oFlel
5 o3yl 5 @lpe (il P e
ol b caidge wle sl owins laallr
o s alox 51 il gl slocsd iy [Flwlons b oo,
5 slaabgai> sCAR LCAR-TRUCK (CAR 40>
5 2l s ln Slogill slaceo B pgis alng
oa! hbsy L CAR-NK [oAluslos,S nalp el
P pot09y80 9 &g (g yd s g Bl g e
Clcusgame 4 axgi b [oa] WS o lgen 1 ey 4
oy wgame Gl laosls 5 s iy elide sl
oo b CAR oS5 eanl Clidow o5 ogdio
SR g Jobedizr (cwdige (ouyil BB glaoass
Saa Vb il mizen MV aiS S0 pass
Sl ol ie g sesl o I SlasdMe Sule, 5 ol ylos
Gl oles o el 5900 Lapleys cnl b angs
w3 S Gl glaosls 5 s cwiige slags sy
Sleyd ;0 CAR-NK 5 CAR-T (gl 00iiS gl (sloos]

) sy 68, wal (sl yges5 )0 0594 (b e

: &b

1) Porter et al, 2011, Chimeric antigen
receptor-modified T cells in chronic
lymphoid leukemia, New England Journal of
Medicine, pp- 725-733. DOI:
10.1056/NEJMoal103849

2) Liu, 2020, Use of CAR-Transduced Natural
Killer Cells in CD19-Positive Lymphoid


https://pubmed.ncbi.nlm.nih.gov/?term=%22Sharpe%20M%22%5bAuthor%5d

Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

11) Kalos, 2011, T cells with chimeric antigen
receptors have potent antitumor effects and
can establish memory in patients with
advanced leukemia, Science Translational
Medicine, p- 95. DOLI:
10.1126/scitranslmed.3002842

12) Rezvani, 2017, Engineering natural killer
cells for cancer immunotherapy, Molecular
Therapy, p- 1942. DOI:
10.1016/j.ymthe.2017.06.012

13) Gardner, 2017, B-cell acute lymphoblastic
leukemia  with  CDI19 loss  after
blinatumomab  therapy, New England
Journal of Medicine, p. 2530. DOI:
10.1056/NEJMc1700150

14) Sehn, 2021, Diffuse large B-cell lymphoma:
optimizing outcome in the context of clinical
and biologic heterogeneity, Blood, p. 564.
DOI: 10.1056/NEJMra2027612

15) Schuster, 2019, Tisagenlecleucel in adult
relapsed or refractory diffuse large B-cell
lymphoma, New England Journal of
Medicine, p. 45.
DOI:10.1056/NEJMoal 804980

16) Abramson, 2020, Lisocabtagene maraleucel
for patients with relapsed or refractory large
B-cell lymphomas (TRANSCEND NHL
001): a multicentre seamless design study,
The Lancet, p. 705. DOI: 10.1016/S0140-
6736(20)31366-0

17) Vivier, 2011, Innate or adaptive immunity?
The example of natural killer cells, Science,
p.44-9. DOLI: 10.1126/science.1198687

18) Rezvani et al.,, 2017, Engineering Natural
Killer Cells for Cancer Immunotherapy,
Molecular Therapy, p. 1769-1781. DOI:
10.1016/j.ymthe.2017.06.012

19) Shimasaki et al., 2020, NK cells for cancer
immunotherapy, Nature Reviews Clinical
Oncology, p. 85. DOI: 10.1038/s41573-019-
0052-1

Y

20) Rezvani et al, 2015, The application of
natural killer cell immunotherapy for the
treatment  of Frontiers in
Immunology, p. 115. DOI:
10.3389/fimmu.2015.00578

cancer.

21) Shimasaki, N., Coustan-Smith, E., Kamiya,
T., & Campana, D. (2020). Expansion and
characterization of human natural killer cells

for cancer immunotherapy. Cytotherapy,
P.88 DOI: 10.1016/j.jcyt.2020.01.001

22) Liu et al,, 2018, Cord blood NK cells
engineered to express IL-15 and a CD19-
targeted CAR show long-term persistence
and potent antitumor activity. Leukemia, PP.

520-531. DOI: 10.1038/s41375-017-0005-9

23) Newick et al., 2017, CAR T Cell Therapy
for Solid Tumors, Annual Review of
Medicine, p. 79, DOI: 10.1146/annurev-
med-062315-120245

24) Majzner & Mackall, 2018, Tumor Antigen
Escape from CAR T-cell Therapy, Cancer
Discovery, p- 1219-1226. DOI:
10.1158/2159-8290.CD-18-0442

25) Zhao et al., 2019, Seeking biomarkers for
acute graft-versus-host disease: where we
are and where we are heading? Biomarker
Research, p. 133 DOI: 10.1186/s40364-019-
0167-x

26) Joyce et al., 2021, Women in cancer research
and oncology, Cancer Cell, p. 285-287. DOI:
10.1016/j.ccell.2021.02.008

27) Maus & Levine, 2016, Chimeric Antigen
Receptor T-Cell Therapy for the Community
Oncologist Annual Review of Medicine,
Oncologist, p. 608-17, DOI:
10.1634/theoncologist.2015-0421

28) Morgan et al., 2010, Case report of a serious
adverse event following the administration
of T cells transduced with a chimeric antigen
receptor recognizing ERBB,, Molecular
Therapy, p. 1127, DOI: 10.1038/mt.2010.24



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

29) Fesnak et al., 2016, Engineered T cells: the

promise and challenges of cancer
immunotherapy, Nature Reviews Drug
Discovery, p. 566-81. DOLI:

10.1038/nrc.2016.97

30) Rydyznski & Waggoner, 2015, Boosting
vaccine efficacy the natural (killer) way,
Trends in Immunology, p. 536-46. DOI:
10.1016/.it.2015.07.004

31) Depil et al., 2020, 'Off-the-shelf allogeneic
CAR T cells: development and challenges,

¢¢

Nature Reviews Drug Discovery, p. 185-
199., DOI: 10.1038/541573-019-0051-2

32) Rafiq et al., 2020, Engineering strategies to
overcome the current roadblocks in CAR T
cell therapy, Nature Reviews Clinical
Oncology, p. 147-167. DOLI:
10.1038/s41571-019-0297-y

33) Klichinsky et al.,, 2020, Human chimeric
antigen receptor macrophages for cancer
immunotherapy, Nature Biotechnology, p.
947-53. DOIL: 10.1038/s41587-020-0462-y



Microbial Biotechnology and Bioprocess Engineering 1 (1) (2026) 27-45

U\mm,,

MICROBIAL BIOTECHNOLOGY AND /\4 YL ‘
BIOPROCESS ENGINEERING ([ 2% ) ) sl o

02157416262
02157416806

https://mbbe.irost.ir

et Y ,~‘|

e https://mbbe.irost.ir

Exploring novel strategies for engineering CAR-NK and CAR-T
cells to overcome the microenvironment of solid tumors

Mehdi Mondali ' **

“! Master's student in cellular and molecular biology, Imam Hussein Comprehensive University, Tehran, Iran.

Article Info

Document Type:
Review Paper

Paper History:

Received: 2025-09-10
Rrevised: 2026-02-21
Accepted: 2026-02-23

ABSTRACT

Keywords:

CAR-T,

CAR-NK,

Cancer Immunotherapy,
Hematologic
Malignancies,

Solid Tumors,

Future Perspectives

How to cite this paper:

Objective: Engineered cell-based immunotherapy, particularly CAR-T and CAR-NK, has
revolutionized cancer treatment over the past decade. CAR-T cells were first successfully
used in the treatment of hematologic malignancies such as pediatric acute lymphoblastic
leukemia and non-Hodgkin's lymphoma, demonstrating remarkable clinical outcomes. The
development of various CAR generations, incorporating co-stimulatory domains like
CD28 and 4-1BB, has enhanced the stability and anti-tumor potency of these cells. In
contrast, CAR-NK, as a novel alternative, offers the potential for greater safety, reduced
toxicity, and allogeneic use.

Current Methods: This article employs an analytical-research approach, systematically
reviewing credible scientific sources to examine the design principles, functionality,
clinical data, limitations, and ethical and regulatory considerations of CAR-T and CAR-
NK. Recent innovations such as multi-target CARs, TRUCKSs, genome editing, and the
prospects for solid tumor applications are also analyzed.

Findings: Study results indicate that CAR-T is now a standard treatment for certain blood
cancers, achieving high response rates and long-term survival in patients. However,
adverse effects like cytokine release syndrome and neurotoxicity pose significant
limitations. In contrast, CAR-NK cells have shown notable efficacy, lower toxicity, and
the potential for allogeneic production in early clinical trials, though their shorter
persistence and reduced proliferation compared to CAR-T remain key challenges.
Conclusion: Immunotherapy with CAR-T and CAR-NK cells represents not just a major
step but a revolutionary leap in cancer treatment. While CAR-T is now established as a
powerful weapon against blood cancers, challenges related to side effects and costs remain
barriers to its broader application.
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