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Abstract

Human interferon gamma (hIFN-y) as a pleiotropic cytokine, modulates both innate and adaptive immune
networks and is important to the function of virtually most immune cells such as macrophages and T
lymphocytes. It was originally discovered, and named, as a secretory factor that interferes with viral
replication. The hIFN-y has a multitude of roles in immune modulation and broad-spectrum pathogen
defense including fungal, bacterial, and viral infections. In 1986, early clinical trials of IFN-y initiated to
evaluate its therapeutic potential. The initial studies focused on the tolerability and pharmacology of IFN-
vy and systematically determined its antitumor and anti-infection activities. Nowadays, it has been
approved for treatment of chronic granulomatous disease and malignant osteopetrosis, and its application
as an immunotherapeutic agent against cancer and inherited and autoimmune disorders is an increasing
prospect. The hIFN-y has been heterologously expressed in different expression systems including
prokaryotic, protozoan, fungal (yeasts), plant, insect and mammalian cells. However, these expression
systems did not reveal satisfactory results in terms of yield, the biological activity of the recombinant
protein or economic viability. Thus, it is essential to find an efficient expression system to produce
glycosylated recombinant hIFN-y with correct folding, biologically active and a high half-life in the
bloodstream. The review aims to gather available information from previous studies on the production of
hIFN-y and provides direction to future researches in this field.
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Figure 1- IFNGR1/IFNGR2 structure and IFN-y signal sobal Sl 5 bl ol Gl L Ot SIS
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Table 1- Human IFNs with chromosomal locations and NCBI GenBank accession Nos.

Sub- Accetion No.  Chromosomal ORE Protein  Molecular
Type type Gene (NCBI position (bp) (ad) weight
GenBank) (Da)
| o hIFN- BC112302 9p22 570 189 19386.14
al/13 BC104164 9p22 567 188 19269.12
hIFN-a2 BC113640 9p22 570 189 19409.04
hIFN-04 BC093757 9p22 570 189 19694.49
hIFN-a5 BC096730 9p22 570 189 20060.93
hIFN-a6 BC114000 9p22 570 189 19606.43
hIFN-a7 BC104830 9p22 570 189 19484.28
hIFN-a8 BC103972 9p22 570 189 19406.13
hIFN- BC104159 9p22 570 189 19707.64
al0 M28585 9p22 570 189 19282.04
hIFN- BC098355 9p22 570 189 19299.02
ald BC101638 9p22 570 189 19312.09
B hIFN- M25460 9p21.3 564 187 19983.94
€ al6 BC100872 9p21.3 627 208 22093.55
K hIFN- AY 358855 9p21.2 624 207 22196.45
T al7 L25664 588 195 19620.33
o hIFN- BC117290 9p21.3 588 195 20155.39
] Y 021 V00543 12q14 501 166 16776.15
1] A hIFN-B BC074985 19qg13.2 603 200 20018.05
hIFN-¢ BC113581 19qg13.2 603 200 19754.90
hIFN-x AY336717 19q13.2 591 196 19584.72
hIFN-t JN806234 19q13.2 540 179 17478.28
hIFN-o
hIFN-y
hIFN-A1
hIFN-A2
hIFN-A3
hIFN-24
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Figure 2- Sequence and 3D structure of hIFN-y. A)
Amino acid sequence of hIFN-y with signal peptide, N-
glycosylation sites, Hisii;, and conserved domain in C
terminal (Razaghi et al., 2016a). B) Thev3D structure of
symmetrical homodimeric hlFN-y (Heidari-Japelaghi et
al., 2019a).
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“dshe 55 (oS, 5 cmles 3 5 IFN-Y T s sle
~aslp S e w by sses Gladshe w3 S Sl L o sl
4 gamme Oy @3S Wl (Apoptosis) Jshe odd (g5,
Major histocompatibility complex, ) b 83l Lol
Copogds gagl Sl 5 esls Sl I 51 SIS (MHC

.(Martinez-Sabadell et al., 2022) .5 . S > |,

(S Sadde 53 TNy (5550 28 Ul 3 L
5138 Olosla Jaw 5 5 Ol Oloys g O oS 558 S
(US Food and Drug Administration, FDA) . »1 (sl
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Enzyme-linked ) w3l U ki Slugsel o5l
Sy g0 DY suame 5l s i L (immunospot, ELISPOT
Sl S el s SO opl S5 oy ol Lo
S BV 4 el (B Comer 3 IGRA asits
ol Gl Corer b s B sk 4 bl
ool 3, 80ee 36 o s 4 T |y el sl
(Yangetal., 2022) 5,5 .o ;I 3 Oljue

Lsls pll 1y Il e 518 K (1997) Of,Kas 5 Condos
IFN- L Oless o Olslogs plod o 0 035 SRl b S
SU s bt Ol 5 2alS SOl oesdle L sdalin y
S 2alS Oloys wab 5l e ole 53 i sdalie s S
65 2l s 1l Ol 4en L3 slojis Oluls
2 e s Slasls 5 IFNy Oljes s o sl Ol
5 IRF-L STATL o bl 4 e o & i Olley
SUIFN-Y s 5 onl 4 3 s, BAL slad b s IRF-9
Loy oS S 1) ool slajls Sl Jusl 3 b
Olge 4 Ll g5 o M. tuberculosis il 5 55 Ol cwsl 2l 580
3,255 0l eslinad 550 o 4 Sl Ol 53 (SGS Ol S
IFN-y il (2016) 01, 5 Ali Khan .(Miller et al., 2009)
glcdle Lol s S ey » MDR-TB olles &3, I
4 e &S W3S edalie a3l Sle 45 1, IS0 se Cbylane i
Olsles 53 M. tuberculosis (g SU 4 Cnd O sare o] &b
35 S S NIFN-Y Lol g G b Sl Ll 5 opl a5
A2 3l Sl s Slas (i)l o se 5 il

Mo 08 sk 5 sene o SLSOL glacisie
5 o594 (Mycobacterium avium Complex, MAC) avium
@ e MAC Cisie .ol Jalil d= 55 5o OG5 Ol
S ALl s e el e e Ml sy Solew
A Ol a3l Sk 0505 5 sdile skiy sene s slo
by cwslie s & MAC (555 lacs sie Olays (L0
S g SO UFN-y a8 sl sl enls Olis .l Hlads YU
ol ol sladls Sl s caslie RIBl Cer Sl

.(Martinez-Planas et al., 2021)

Muir et al., ) ¢l e HBV & M Ol 53 35,m ol 5
S e HBV Cijis glagionw 5l ealizal L (2006
el Ol s et $AS e de 5 sk
o 3o IS ladla 5 IFN-00 SGS & s 5
i Olge o IFN-ald oS sl Ol mls 85 8
HBV o 03 5T il 3 HBY 125 oS 53 03,5
Slosely s b GESOLe Gojb Sl IFN-0l4 s Lol
5 IFN-02 5 S 5 eslizul b alie i, « IFN-y 5 IFN-a
S5 esnstd F ki ol Esl 5 035 s IFN-y
LS o spdoe [ HBY 250 plblen o5k 4 &8 553
(Chen et al., 2021)

dlis oS 5 dolas (Open-label) 5L vz addlae SO
oo IFN-y Sloys W 3l o) Cg (Low-interventional)
2 3 JLVA YL oy L COVIDA19 2 yie 4 Sis Oyl
- Sy g 0t et U e IFN-y A3 ploil et 5
IEN-y a5 sl 0Ll a5 55, 0 (b s 555 03 L
gimer 5 Sl oo o s Cslhe Sl 4 e
Y ol Olisles 53 Odd (s 5 o5 Sde Jsb als
ol 655 Lss o asls opl e 50 sdasOLES &S A 3,
a5 il S S5 PNy &S Sl ol esdle
L B R N T~ SN LVB LG e
(Myasnikov et al., 2021) Lzl o5 5 sacdl o Jis

S8 sk les 0Ly

Mycobacterium s ;SL L isde axd 53 o 500 Solow
0303 )l 3 il o ) kS i 5l 43 > duberculosi
Multidrug ) —alises gla g5ls 4 polis (slad s sl I w
L s Sleys Jelse 4 5L (resistant strains, MDR-TB
Interferon-) LS 055 zul (g3lwsll o das o b3l
oAl 53 e 2S5 4b 4 (gamma release assays, IGRA
odd ST IFN-y Ll 5 b 51 M. tuberculosis < sae
Lid 5 Lhad b= 3 S T gladshe buy
2 e i 93 el b 3 sk e ealid AL
(Enzyme-linked immunosorbent assay, ELISA) |5,V Q)ﬁj
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‘J‘JL“?")‘”L‘W‘JA‘LQ‘JLA:Jszj“i)Mf)u(.;LAC"’}Q;
S b Ohles s HIV s Ol o(Leukemia) oo s)
Sools pliz diiean (Aspergillus) .55 .l 5 (Candida)
s bk e Sl 2006 slacisie Olys ¢l L
Granulocyte-macrophage colony stimulating factor, GM-)
Cyse 4 IFN-y 5 GM-CSF .ol 54> 4 IFN-y 5 (CSF
o pslie b lalisle 4 e Olbes Obys Gln (oS5
(Non-neutropenic infection) o ,8 slaci e 5 Ol
C,\cjl.’d ”:N"Y S ol el esls OliS J\J).J:& R
Valley ) o, o5 s lew (Milanes-Virelles et al., 2008)
=L (Coccidioidomycosis) ;s sk 534S S el L (fever
S Olsge o (Coccidioides) ols 530S 5S 56 o gie
Dbl spd e atlis (SW5 e AiSAAg 5 e Sobew
Ot 5 ol al 4 D S8 S s S s sl el
5heslizal sls 0L 1, IFN-y W g 2als 5 IL-4 o>
3,8 AS 1y Golew 8,8 IFN-y Lol jan )65 (slag)ls
ulﬁ%}) ﬁ)BM 6})‘3 L: ”_-13 9 |L-4 Qsjjﬁl 9
ool Sl 2L WD B B N e (Dupilumab)
Ll o ¥ & sl L;uéwg 03 S5 s oS 3l Ol 1S

(Tsai etal., 2020) LS Oleys |, Cisae

ssb w HIV L Sigie o) dsb 5 o oS i el
Olss 5l 3 48L R el e 25 b Jpene
- -als (Antiretroviral treatment, ART) w5 95 5,45
Oboss G S s sbw e ole 4 il 5o L
chle ar SIS Wi esls Ol aald sl 5 HIV 4 S
Sols s 55k 4 ART 3l ux TNF-a 5 IL-1B dL-6 s
35 3 VL ey BB sk Olizas Ll e ials
ART & oS g ol b aglin 53 IFN=Y oomen 55 dals
5 pbete B Sl (Sae das e 0L oS 3l Sslie ol
Okay et al., ) &S Ll HIV cosie slisslem 53 1) oge

Cryptococcus s ,SL & ol sl 5155 (2020

LS‘J" FDA k.wj: ol J..:ii: L;“j)b QL&)J G.A gﬂl}- JL‘>— L
Idiopathic pulmonary ) Solsdl S5y Somd oo
ol s Sse Solen SO IPE 5,106 5 5o (fibrosis, IPF
S gl sy 3 Sas 0505 Cows Gl wligy e KUl L &S
kgl ladsle 250 pasin S0 Culg 0 5 il
TNF- PDGF TGF-B dile 355 5 (Sa S st sl
Dy Ly 5 SU 5 V= gl s 1, L SG L] @
@ el ol (basic fibroblast growth factor, bFGF) ;L
A el oS pl 0dd b, S e sl e
e R R R s DT
@adze U gla leslLlS 048G .(Selman et al., 2004)
ol i wlisle Ll el o pbail IPF Oleys g
ol s Ol 1y Jad LB ise 3 dl s b bl
el U gt slagls o (glen i 1Sl )
IPF Oleys 3 g0 saseiue IFN-y 558 L IPF o5 Ll )
S e |y IPF o iy ool Sas IFN=y L Oloys
Sl sl IFN-y L IPF Oloys slatassy mls ks
IPF ohles sy b ol s (Raghu, 2017)
4 2w (Prednisolone) o5l s505 5 L S 5 53 IFN-y L Ol s
Loaclie jo SLos O3St LS 5 o) JS b b Ll
ey ol b .(Ziesche et al., 1999) as oles 4 Ods50s 5
3 Ses Gy IFN-y Gl o5 5 s 2l alosTl s
ssb a olen iy 5 S e 0l 5 il 65U s
Jeov o Jle s (Raghu et al, 2004) sl x5 5 JB
i3 5 ,LYU ACTIMMUNE® U IPF oy b slesils
35S gss (ool ¥ 3L U lsllS SO rasn ol s
Al s el el sl &S s Wigls Lo J xS
55 b e b Cais I L IPF Oy 53 ACTIMMUNE®
1870 L, o ol 0l e mld A b 4 5 Shes
L awslie ;3 ACTIMMUNE® U Oloys o Oleg 31 Ao s
Ol= (Placebo) Lissls L Oboys o Ollew 31 doys VYV

.(NCT00075998) Lisls cows 3115 54+
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A Sl 5 laddls kil 5 NO ulg glaspes
3 5eaS s dias0lil a5 b sbaesls elul 5 5 Th2 slagsls
S cl opl s 2ol CF Olley GWPBMC s IFN-y
s 1 CF (solag Oleys 81y s Dbt il IFNy
5 Cmad 33 b LlesTlS s L(Moss et al., 2009)
L IFN-yb Ve+r=0+ g 350> 5 CF w M jlew i
win VY Sde 4 5 atin 5 b e (gl K3 4 1 Ll
S s s BB SRl s £ b s LS Silys
sdalie Lsgls blis 53 IFN=y Verr pg o535 o ol sSU
Coa o3 s BB bl sle & e ol bl
Llx 53 DNA 5 Sl he Gl dL8 s Lis 55
g men 53 55 sdalie L3 L IFN-Y L 0leys o Olslay
5 53 ol pail o L3 (sl e bl gl s
L edalie axlllas OLL 53 leg 33 o Bl L (S5
Ciste 5l A0 S s =35 (Moss et al., 2004)
S S s ok Lol e 5l S COVID-19
4, js 2 5 (Acute respiratory distress syndrome, ARDS)
el el clad She 5t (2020) O,Kaa 5 HU oo
COVID-19 (s)lew 53 4y Ssmd b &S Sl o plabis
M Slew R slds 0T LS s 1 Sl B3
a3 LS bt s adles ol |, COVID-19
Sl 5y Oloman (Ao ;3 N0/0) Slaw £7 53 55 08 (2 5
05 Olegr 31 S il 55 Lol IFN-y landly ol s
Slewdly 53 IFN-y 2als S sls 0L ol s 3 5o,
4 M Obilogs 53 ) Samd 4l sl st fole S 0

.o/ COVID-19

55kl S sese olew Oloys sl IFN-y1D 144) Jlu s
FDA LG 5,4 (Chronic granulomatous disease, CGD)
Gl i 50 5 s 55 G5l Il G CGD Lo 551 3
-8 u.gﬂ @Tuﬁj@ V"’Jj oeals ple L et s s
s gl Bl ol s Sl ST Slid A S
el G50 e S 03 dSl e M 5 05 Sends
o355 b 5 2l SL slacisie 5ICGD Ol jley e o

oS e Bl 6l IFNRy oS bl 51K e )

2SS RS e LSk S mls s NEOfOTMaN
e s el SSen s cusee HIV @ S Ol
2L S s el Ol el 3 B e e
LIFN-y1b Yoo L Ver pg o= 53 Oles oS swss 2L
Ls S il ZBas sluld Ol s oesdle | Ll
L Sl 5l doys VW Glas VO o 5l (NCT00012467)
3 de,s YY S IFEN-y1b Vev pg U Sl doys YUl yls
Sre gl i3S wia Y5l e IFNSYID Yoo pg b sl
1,5 (Pappas et al., 2004) L35 o6 Ssl BB sl
wh iy HIV s Clbeas b slacssie [ials gl IFN-ylb
Obsbogs 55 36 558 53 aale VY L L3S K s
LIFNY U ol Jler 5 skin 43 Sobsl HIV & Sk
SR Oles Cod atia A Sl 4 gl 5 Dy 0 Lad gl
Y/80 lagie jsb 4 W S G rae iyl oS Jlley A S
Olslegs 45 Jm s ckimils Il xia A s Clbies b i sie
OLES VY s 53 o Sbe Hsb & IFN-y1D L Ol ys cos
Cisie g 5s oks 4 IFN-YID L Oloys conl 5 ssdle sl
(Cytomegalovirus) s » s e s 5 Jes dL LS sl

(Riddell et al., 2001) s 5; 5o

65'}))‘.& 6\#6}‘?}2&‘3 K] j)‘ CJYW‘

S col Sl Pt S (Cystic fibrosis, CF) SieS 55,08
SetnS Jamd glid Colds sdiS o las O0F o L Sl o
Cystic fibrosis transmembrane conductance regulator, )
bl IS JUS o 5 Shas 55 Il sbwl 5 (CFTR
s D3k o S aenl e Dl 5 isde LCF syl s
—r o Ohles Aoy A e oLl Colg 5o
5 G bl Obwd 5 WL g3lesSt CF Ollay 553
Sbisie 4 e &S L)l (NO) G 2o ST S 5 ) el
Sl S b oL SL s b e Lo ege oL SU
5 e SB (0psonin) s sl Al 5 oL sSL sl
- sk e Sl el 5 en S aslie WS s
S o SaS s el 0 a5 55 B Sl A 5

2o s Sl 0o Sds s RNy LUls & ax g L

- oY liano 5 Sy ¥ oslecd /o033l 0399 g grmt] 5 S sides
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ol (1992) OKas 5 Key as o 2als CGD Ol )by
la IS gl sl S IFN-y1b a5 s S R
OP Olylews o IFN-y1D 5 i S O o alin (glo g 4 1
N T LY
SIS 5 WPBL s AeeSTypn a5 Rl (SIS i
OP Oljlas 055 S L slalndgss sla sl A S sie
(IS gl a5 sl Eel IFN-yLD &S sl osls OLES
Ol pieil i (Il 5 S50 S 5 Shes 35
53 Caulg e (Kim et al., 2007; Imel et al., 2019) s 45 .
U 4 sy FDA Lug ACTIMMUNE® (Y+++ JL
ek OP o M Ohley 5o (Solew S iy Oley (Il

S Coul Les b gHlen S (Scleroderma) e 55 Ml
Ly i (D alar 51 O s glapllil 5 SHIS (655
4 03 IS 5 s DS a5l IS e i 56 LaalS
ol 0l i gyl bl s atlis LolS b
Ll 5 oo TNFa 5 IL-6 dL-4 PDGF TGF-f aile al e o5
IS U OIS e s e S 5 s )
A5 pals s Al pUls (S il ol s 4 IFN-y
Sdshe 5 Sl 5 AL Wls s O3S
i 53 Sl ol eslizal eyss ISl Olays L3zl
IFN-y Slae s b gl 5 s b sla bl
Sl azdls ol o 4 veols); b o33 Al Oyl s
.(Grassegger et al., 1998)

Solem OLoys 53 IFN-y Ao glapisl 51 eslazul

JUslS 550 95l & Eldelumab 5 (HUZAF) Fontolizumab
S LB slals Oly s e Jeate IFN-y & &S ool LI
Ob,s ¢l Fontolizumab .S o e |, IFN-y Loy
Crohn’s disease, ) 03,5 (olen Lilbo el o ley
Rheumatoid ) s gley, <o 5,0 oLupus) sy (CD
Multiple sclerosis, ) ©8 e .35 Sl 5 (arthritis, RA
byes ol b (o)l ol s J= L3 (MS
Sl a0 il (S5 sy el 5 eap 0L 5 it

S sy Sl ol 5L s,se 0Ll Lz SU slad b
e 1 COD Ohlay 53 s sdalin gal Lailis IFN-y
Cdd eslinal 3yse IFNylb b sla bl 5 sl
(lzu et al,, 2020) sls 2alS CGD Olyley L3 1y el sie
IFN- 5 Ode SV b a3l (2004) O, 5 Marciano
4L Olyleg sl 13 s 5550 CGD Ollew s55 1, 71D
Sl s wka 5o b 4w gl 5 Sse 4 |, IFN-YLD JLs
550 CGD lays 5 IFN-y oS ey o ol 0 WOT .55 S
SalS & e ACTIMMUNE® 5l oslinul oS (5, 5b 4 o
slacisie doys OF (ol lacisie ol b Aoy WV
23 G S, o3 W 5 S Glacisie do a1
Sl Sl o S b oLl SO sl Ol les
035 53 slow Cuds g ol CGD 4 S Ohlesy (555 INF-y
-6 Lok pedle w S 13 asdllas 548 Jlo Y-YO
Trimethoprim-sulfamethoxazole, ) Js;L.S sweld s oo 2 520
Lol 5l aw,s e (Itraconazol) Js36 81 ,ml 5 (TMP-SMX
L Oloys cod &S Ghlas s § 13 INFoy L Oleys Cos
Lile (g 28 Saie Loolse Jyene 5sb 4 kinils 13 INFry
Coslad 5 op il glacisie @ ol s gl sie
(oo el i gie (wamen L sls 0L 1, (Lymphadenitis)
sy S o383 8 Pl IRLS Lol s Bl ad
ooolss EalS el INFy L ooleys oS sls ol bl =l
Filiz et ) 5550 COD Olle 2 3 55l dsl S 5 ks

.al., 2022
S (Congenital osteopetrosis, OP) (ssl3,3b Ol gl S
<l (Osteosclerotic) sy Sl ginal Jlgsenal 536 (5l
Jol> 5 (Osteoclast) cowdS gzl 3 Shas ;3 jais s 4 &S
o 5l e b b et 5 d OP syl e bl Ol il
(SFS WLighe e &S 350 e pasiie 0h bkl
0 5 wlsil (g,8 (Thrombocytopenia) o s s 5
Obley J515 locn S0 03 dal a5 S e ol
Sla Lishe a4 e &S Ao Cpme LenST s A5 55 OP
bl sl .(Blin-Wakkach et al., 2004) s 53 o Lds 5 5 S

5 1y isie s s ST g g bl L IFNYLD oS
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3 Esr 03 e UM dFN-y o355 a4 da S cxla
S IFN-B sl b= s aS o Wil MS (gl 0s Y b
SJls Slee 3k 3l syls Jlaasl 4 358 e eslizad MS Ol
2l s a8 e Jes IFNyy S8 4 el 3l
Sl 3 as O iy i MS & Mae Obbe 555 b
W3S il 1y IFN-y oaS s sk b S oy S oS
sl Ol Sl Il Sd ity s ey B el
~Jshe s 1 Jlb Sl sl 28l MRI gl (promes
o Ohyler 53 WS gt e s 5 303 OLES eae (sl
Ol 1, TGF-B 253l 5 IFNy 5 TNF-a dL-1B 2l coleys
Sl S IFN-y 03,8 2ot 6 das o 0L sl cnl ol
L2l okt MS ssg lp kxSl @S S
.(Skurkovich and Skurkovich, 2003; Arellano et al., 2015)

;;;LGJJ bj

ob S acans omils s 4 oS 5 hIFN-y 51 I oslinud
sy S 51 Scpl sl cal sl s Sl Sl s
5 eSS hIFNy e, odis ol > @l Ses
L8 5 pslde Ol o gn KI5 o oS Sl s s S Gk
5 oot sloilsl ml Jis e 4 sk s 0
L (Cutaneous lymphoma) .. N‘u Golew Oboys 53 oI
oS5 hIFN-y 0l Sy vy psssl sla B 51 salizal
Sb sl oo (Dummer, 2005) 55 iswcsls, el
Ob e Jsbo 3y 3 Ad-IFNy Silssl i a_tass
J& b0 Lguwsls «(Zhao et al, 2007) by,
Ol o 5 (Zuo et al., 2011) (Nasopharyngeal carcinoma)

Llesls 0l 1, (Xie et al., 2013) _l S5l

DRTeed
oY Ay gl S 5 hIFN-y « Sleys slas )8 51 8«
LS4 w Gy Sk Ol s w IFN-y ws sl L
adlas b1V 0403l o bl gl e eslanad 55 (hge
(Interferon gamma release assay, IGRA) IFN-y (s ;lusl;l
slacissae oLs (M. tuberculosis slacs sie ol Cg
Koo Sl g 25 o OB ool 3y e (ol b (sl

a JUslS g ool S s AMGBIL s 8w 5 £56

ot 1 Ol 5 el fame IFN-y & &8 el Ll LS 40
(Miller etal., 2009) .S .-

el IS s e Sl olew K CD s le
Bl il sl 5 axdls IE eds bl Ol 55 IFN-y
5 HUZAF  _iso il 5 wsl 358 e sdalie bl s of
oo S50 LdE U oy CD (g by Obys s Eldelumab
—oals ol b gl LTS 51 Lol LR P
or 4 3 IFNY s 55l L CD (sl Oloys oS
Sl ols S Olse o HUZAF Gy ol bosjls 2o
3.8 e Sl eslind 3550 OS5 5S 63y, ol olen Ol

.(Cui etal., 2013; Sandborn et al., 2017)

Systemic lupus erythematosus, ) Setuwew byl o s
Slaiisl md 5 Gk 5l oSl gl Il S (SLE
Slaas oz J S5 5 SAS 5 sladenl ol 5o ST
Bgh g 03y Haslis Od Jelis Lafl,u( B el s
IFN-y o sl SLE Olley 45 Llosls 0L bty
sbul gl IFN-y 06,8« oge gladde 55 5 axils oYU
Sl Wlg o IFN-y oplpls .ol 5L 3,50 SLE (5 les
G oS3l a8 Wlesls OLzs La za st 355 SLE (g len dudis
- IGRA U503 5l eslizal b 055 (glawdly 53 IFN-y ol
o M Ohben 53 olew 80 Ol SL3)N g L5
b (Zhang et al., 2022) 5, 15 eslizal 5,56 SLE
Oloys AMG-811 JU kS 5ge sl 5l eslizad LI 3L U
31y OLE IFN-y (g5ledlé b &g 53 1) SLE Oljles oo

(NCT00818948)
b SO LS cl i bl e SO RA
o 1 IFN-y sl b Sldlas 3 5d o jasein ThL L Las
i dals I3 250 RA Gl Slys (55l G Ol e
Olays 3 IFN-y lagisl a5 conl oals Olis b olesls
(Sigidin et al., 2001) dzes 138 56 (5,03 sxe ,sb 4 RA
Ol el e OF 53 45 el gl g IO S MIS
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fﬂ b8 (nclusion bodies) el Jgl=sl gla s 5
b sl | Sl SIS sy, W5 e
B3 ey b 0o il e 1y 28 SIS0 ¢ 505
Lol b 55T n 35ms DLl O 3 DS 5 ol
sldshe 5 (Saccharomyces cerevisiae) ol ez LSl
el el o oslind S 55 hIFNSY W5 g )5
Als 1y s el O 5 Sl bt ) s
5 (Hyper-glycosylation) 5550083558 s 4 e
b S5 ofan Sasll dlal s 4 o5l sladshe
oobaidl Ll Sl Oog panie 5 ol ligolen Jolss
Egelkrout et ) tlaz S5 5l 3 O Ky Jlizal 5550 Ol
A e il Sl glagian glsl Y Jsie (al, 2012

Aas e 0L |y oS 555 IFN-y s 5

5hedd s, IFN-y ,laas M. tuberculosis sls sl law s
Sheslizal 353 o 6,8 o3Il Lo s3] pl e T glad s
ool 53 e 4 O Comer A, s @ Losesl ol
(Zwerling et al., 2012) ol asl58l Jl 55 Ole

GSen M e elil s, Gl st ol
hIFN-y oS 5 5

Jawjj odes )jlé “ g_»zsj.’:‘y hIFN"Y J\:.S)j 4J~ﬁt7- Jl}- DL
St 3 S 250 el (S5l 5 25 S Slaptns
E. coli ,sL «(.S55 hIFN-y Wy Cgr o550 Sl
Sosor 5 N5 St el Clsen Gl oS
Dy yems ol SL Gl Glaatens G 5508 5 5L
5 pome Sl plaileds W 6 Sl e ool L

J:Jy E) Q}:‘”y\i)'jgcg_N ok 4 dex S o Ol

oS 55 hIFN-y sasS ) 5 ol 8 cilses Lo S gl =Y Jgo>

Table 2- Types of various non-plants expression systems producing recombinant hIFN-y.

Expression

Yield

Biological

system Organism (mg/L) activity? References
Mamalian cells Homo sapiens (Human tissue culture) 6 1.93 x 107 IU/mg  Leister et al., 2013
Monkey cells 6.2 x 102 IU/ml Gray et al., 1982
Mouse (Mus spp.) 23x 106 1x 107 IU/mg Bagis et al., 2011
Rat cells (Rattus spp.) 4 x 10° 1U/ml Nakajima et al., 1992
Chinese hamster ovary cells (Cricetulus sp.) 1 % 10° IU/ml Haynes and Weissman, 1983
Mouse mammary gland 350-570 5x 107 IU/ml Lagutin et al., 1999
Insect Spodoptera spp. 2 Active Chenetal., 2011
Protozoa Leishmania sp. 9.5 Active Davoudi et al., 2011
Yeast S. cerevisiae 2.5 x 10* IU/ml Derynck et al., 1983
Pichia pastoris 1-16 x 10°® Active Razaghi et al., 2016b
Bacteria Bacillus subtilis 2-20 Active Rojas Contreras et al., 2010
E. coli Active Arbabi et al., 2003
E. coli 1700 9 x 107 IU/L Huang et al., 2013
E. coli 3.43x 107 IU/ml  Heidari-Japelaghi et al., 2019a

International unit, ) Wi s a1y 53 5 Ikl € s0s b anglis 55 sy Siste ol ;3 NIFN-y S 556 55 5 bibls il acslin b e Cled O3 2

3‘5,\»‘54 QL:: (IU/mI) wﬁ%mﬂé:ﬁﬁ%}(lU/FﬂQ) J}leJsu,:‘J)ﬂ C;;;L:ﬂﬁ‘(lulg FW) 4;>L‘U|J:: el.:§ Q)U QJL: O3y f_)f]:hd\)\‘u(lu

Ols E.coli 53YaAY Jle 55 5 el (giluailocan Sudbgn Ly
sl Sdis 350 4 5l Osmen kY 4 E. coli g SL s
S35 Sidmr Sk 5V Shs MU us, ce e
Ly o 0352 e 3 Ol (S5 (g 3500ms OT S50 50
S dpame VL 5 Slee 5 i SLy b B
"o ME Glr bl 550 Sl Gapten (2 5228 5

(Razaghi etal., 2016a) 55, » Lot 4 S 55 sla

E.coli ;s hIFN-y S 55 s n Mg

m 53 3315 )3 5 e 53 LHIFN=Y 55 0 VA aas 3
wr S Gk 5L s S e a0 SLATT gl
I ol b s a5 Sl Olpe 4 Sass s MRNA
s bdske 31 hIFN-y S5 Sile ol J«S B v.?‘)’b/\.:.»
i3 345 3 (Denaturation) (gileacs jwls an e Aol
NIFN- 015 8 505 CDNA I35 oS 55 DNA (5,515 anme s L
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Table 3- Recombinant hIFN-y produced in different plant-based expression systems.
Type of expression system Plant Transformation type Yield/Bioactivity References
Stable expression Rape Agrobacterium - Bagheri et al., 2010

Tomato Agrobacterium --- Ebrahimi et al., 2012
Squash Plant viral vector 10-12 pg/g FW Nassaj Hosseini et al., 2012
Tobacco Plant viral vector 119 + 0.8ug/g FW Jiang et al., 2019
Tobacco Agrobacterium 4.82 x 10° IU/mL Heidari-Japelaghi et al., 2020a
Safflower Agrobacterium Yaghtin et al., 2012

Transient expression Tobacco Plant viral vector
Tobacco Agro-infiltration
Tobacco Agro-infiltration
Cell suspension Rice Agrobacterium
Chloroplast engineering Tobacco Biolistic

TSP 5-10%
17.21 x 10° IU/g F
6.72 x 10° IU/mL

699.79 ng/g cell

TSP 0.42%

Mori et al., 1993
Heidari-Japelaghi et al., 2019b
Heidari-Japelaghi et al., 2020b
Chen et al., 2004

Razmi et al., 2019

O3 SN S LS55 s Mg 5 Ol
ol b (Davoudi et al., 2011) ol (5, sl slad g L wline
S U5 el dkuls 4 ol s Shes s 4 s
duizal 5,50 Ol le @l Vb apr 5 s

23,58 ol K
S 5 s
05 S8 s, by pslas (Methylotrophic yeast)

Glaase &S Wlesls Ol latass
s 3 |1y hIEN-y (Overexpression) ol .l b dsl
P. e 3l eslawal (5 S 5,158 P.opastoris by 5 gl
ebcurs Jds 4 S 58 Sy A5 Sy pastoris
pH ;5 s LL;).LN <YL L;K;— Ol S5 Tmwd () gzt
Sl et Ol 55 ol 4 (Sl Jlaa| 288 5 ol
CiSha 0550 4 i 5 Ol 5 053 SUS-N 5 s
Ahmad ) wib e wlie 53 W5 sl losl g Ll o
Sl Olse ol 5 eslizal el ol pl3 L (et al., 2014
5 ol AT o o 55 S 58 GlaneSsn WS S

RUIUH IS WO ZS W I E U PR

059 4 Oslr 0L gl s 53 IFN-Y Coanl 4 a5 L
Sls gl 53 ek OF Olsl L glas p )8 5 ol
3ol oW Sste s sy sl Ol
= @}AVS) Ll Ol S YU slas WS 65 (630550

Nl QLS sl el S5 sl sy L
ST Sl i 4 Ol 5 OLS 3 O3S
OSas ELCOli U aline 5 onp ogline JalS 5b 4y a3 58008
O Jd e b Os g Blwslar 5 a1y oSS cl

S bl Ol O 3 DS 5 !

St S o 53 oS 55 NIFN-y 0L

o Se olis gladile s hIFNy oS58 Ol
s (Baculovirus-infected insect cells, BIIC) .5, 5450
WiShow Oy 4 S C..US Js 4 o e
oeals) Ol LU (ol 5 Vb 05l 5,858
38 0es Oljee A5 25 g ddate Sbb SN (B @ s
el by e anslie LB E.coli (5 S 5o A5 Ol b 550
Rl G Gl e St S e R 0
Shadl laca sl el oMCes cpl 055 Gb s 56
Gl o G gbaS 5l el bl bas
Trypanosomatidae ol 5= 31 Trypanosoma  Leishmania
Shigolen s JKI L tarentolae o555, . tzes
S Olge 4 45 ol (Tarentolae annularis) S el
Jed S 58 bt Ol e S s Sl e
8L O seedly eaeS s (Erythropoietin) - o g 5 %)
el 4l axw 55 IFN-y 5 (Tissue plasminogen activator)
P2 s, 5 mes o Shy bl Sl e
- Solent b w3208 5 0Ll 2S5 5l slad sk U A lis

(aj.,j O30 4 OS5l) aseus z? Ol Olsl gl 1

V¥ lwno) 9 3l 1Y 0 losls /0003190 0590 [ G j (Soos 9 Sl ) (oo



wedd 5 NIEN Ll L8 05 5 0!

O 5 5,5

S My o BEocoli o SU ey 4 oS,
G oee Sl gladda 3 s eld ol esaed LS S8
A5 5l a5 L epl by S el A5 e 18

335 i) Sl Ol g5

&lw

Ahmad, M., Hirz, M., Pichler, H., & Schwab, H. (2014). Protein
expression in Pichia pastoris: recent achievements and
perspectives for heterologous protein production. Applid
Microbiology and Biotechnology, 98, 5301el7. DOI:
https://doi.org/10.1007/s00253-014-5732-5

Ali Khan, T., Mazhar, H., Saleha, S., Nawaz Tipu, H., Muhammad,
N., & Nasser Abbas, M. (2016). Interferon-gamma improves
macrophages function against M. tuberculosis in multidrug-
resistant tuberculosis patients. Chemotherapy Research and
Practice, 2016. 7295390.
https://dx.doi.org/10.1155/2016/7295390

Arbabi, M., Alasti, F., Sanati, M.H., Hosseini, S., Deldar, A., &
Maghsoudi, N. (2003). Cloning and expression of human
gamma-interferon c¢cDNA in E. coli. Iranian Journal of
Biotechnology, 1(2), 87-94.

Arellano, G., Ottum, P.A., Reyes, L.I., Burgos, P.l., & Naves, R.
(2015).  Stage-specific role of interferon-gamma in
experimental autoimmune encephalomyelitis and multiple
sclerosis.  Frontiers in  Immunology, 6, 492. DOI:
https://doi.org/10.3389/fimmu.2015.00492

Armstrong-James, D., Teo, |.A., Shrivastava, S., Petrou, M.A.,
Taube, D., Dorling, A., et al. (2010). Exogenous interferon-
gamma immunotherapy for invasive fungal infections in
kidney  transplant  patients. ~ American  Journal  of
Transplantation, 10(8), 1796-1803. DOI: https://doi.
10.1111/j.1600-6143.2010.03094.x

Bagheri, K., Jalali Javaran, M., Mahboudi, F., Moeini, A., &
Zebarjadi, A.R. (2010). Expression of human interferon
gamma in Brassica napus seeds. African Journal of
Biotechnology, 9(32), 5066-5072.

Bagis, H., Aktoprakligil, D., Gunes, C., Arat, S., Akkoc, T.,
Cetinkaya, G., et al. (2011). Expression of biologically active
human interferon gamma in the milk of transgenic mice under
the control of the murine whey acidic protein gene promoter.
Biochemical Genetics, 49, 251-257. DOl:
https://doi.org/10.1007/s10528-010-9403-7

Bahonar, S., Palizban, F., & Montazeri, H. (2022). Expression
profile of tumor educated platelets as biomarkers for diagnosis
and early detection of cancer. Genetic Engineering and
Biosafety Journal, 11(1), 54-63. URL: http://gebsj.ir/article-1-
412-fa.html

Blin-Wakkach, C., Wakkach, A., Sexton, P.M., Rochet, N., &
Carle, G.F. 2004. Hematological defects in the oc/oc mouse, a
model of infantile malignant osteopetrosis. Leukemia, 18(9),
1505-151. DOI: https://doi.org/10.1038/sj.leu.2403449

Bolko, L., Jiang, W., Tawara, N., Landon-Cardinal, O., Anquetil,
C., Benveniste, O., et al. (2021). The role of interferons type I,
Il and Il in myositis: a review. Brain Pathology, 31, e12955.
DOI: https://doi.org/10.1111/bpa.12955

A4S das e ol il Sl L;Laav.:m.”w: 5 Shas ansles
33 QTJLTJJM.}&Q}U(S}J&.):YL{ s Shes L S 55 IFN-y

53 0k s pl bl e s 4 Oy Sl o gt

Chen, J., Li, Y., Lai, F., Wang, Y., Sutter, K., Dittmer, U., et al.
(2021). Functional comparison of interferon-a subtypes reveals
potent hepatitis B virus suppression by a concerted action of
interferon-o. and interferon-y signaling. Hepatology, 73(2),
486-502. DOI: https://doi. 10.1002/hep.31282

Chen, T.L., Lin, Y.L, Lee, Y.L., Yang, N.S., & Chan, M.T. (2004).
Expression of bioactive human interferon gamma in transgenic
rice cell suspension cultures. Transgenic Research, 13(5), 499-
510. DOI: https://doi.org/10.1007/s11248-004-2376-8

Chen, W.S., Villaflores, O.B., Jinn, T.R., Chan, M.T., Chang, Y.C.,
& Wu, T.Y. (2011). Expression of recombinant human
interferon-gamma with antiviral activity in the bi-cistronic
baculovirus-insect/larval system. Bioscience, Biotechnology
and Biochemistry, 75(7), 1342-1348. DOI:
https://doi.org/10.1271/bbb.110107

Chung, B.K., Yusufi, F.N., Yang, Y., & Lee, D.Y. (2013).
Enhanced expression of codon optimized interferon gamma in
CHO cells. Journal of Biotechnology 167(3): 326-333. DOI:
https://doi.org/10.1016/j.jbiotec.2013.07.011

Condos, R., Rom, W.N., & Schluger, N.W. (1997). Treatment of
multidrug-resistant pulmonary tuberculosis with interferon-
gamma via aerosol. Lancet, 349(9064), 1513-1515. DOI:
https://doi.org/10.1016/S0140-6736(96)12273-X

Cui, D., Huang, G., Yang, D., Huang, B., & An, B. (2013). Efficacy
and safety of interferon-gamma-targeted therapy in Crohn’s
disease: a systematic review and meta-analysis of randomized
controlled trials. Clinics and Research in Hepatology and
Gastroenterology, 37(5), 507-513. DOI:
https://doi.org/10.1016/j.clinre.2012.12.004

Czarniecki, C.W., & Sonnenfeld, G. (2006). Clinical applications of
interferon-gamma. In: Meager A (ed.) The interferons:
characterization and application. Wiley-VCH Weinheim, 309-
336. DOI: https://doi.org/10.1002/3527608206.ch11

Davoudi, N., Hemmati, A., Khodayari, Z., Adeli, A, &
Hemayatkar, M. (2011). Cloning and expression of human
IFN- in Leishmania tarentolae. World Journal of Microbiology
and Biotechnology, 27, 1893-1899. DOl:
https://doi.org/10.1007/s11274-010-0648-4

De Leede, L.G., Humphries, J.E., Bechet, A.C., Van Hoogdalem,
E.J., & Spencer, D.G. (2008). Novel controlled release Lemna—
derived IFN-alpha2b  (Locteron): pharmacokinetics,
pharmacodynamics, and tolerability in a phase I clinical trial.
Journal of Interferon and Cytokine Research, 28(2), 113-122.
DOlI: https://doi.org/10.1089/jir.2007.0073

Derynck, R., Singh, A., & Goeddel, D.V. (1983). Expression of the
human interferon-gamma cDNA in yeast. Nucleic Acids
Research, 11(6), 1819-1837. DOI:
https://doi.org/10.1093/nar/11.6.1819




OLea 5 S

weld 5 NIFN Ll 6L 055 0!

Di Bisceglie, A.M., & Hoofnagle, J.H. (2002). Optimal therapy of
hepatitis C. Hepatology 36(S1): S121-S127. DOI:
https://doi.org/10.1002/hep.1840360716

Dummer R. 2005. Emerging drugs in cutaneous T-cell lymphomas.
Expert Opinion on Emerging Drugs, 10, 381-392. DOI:
https://doi. 10.1517/14728214.10.2.381

Dunn, G.P., Koebel, C.M., & Schreiber, R.D. (2006). Interferons,
immunity and cancer immunoediting. Nature Reviews
Immunology, 6(11), 836-848. DOl:
https://doi.org/10.1038/nri1961

Ebrahimi, N., Rajabi Memari, H., Ebrahimi, M.A., & Roayaei
Ardakani, M. (2012). Cloning, transformation and expression
of human gamma interferon gene in tomato (Lycopersicon
Esculentum Mill.). Biotechnology and Biotechnological
Equipment, 26(2), 2925-2929. DOl:
https://doi.org/10.5504/BBEQ.2012.0004

Edelbaum, O., Stein, D., Holland, N., Gafni, Y., Livneh, O.,
Novick, D., et al. (1992). Expression of active human
interferon-beta in transgenic plants. Journal of Interferon and
Cytokine Research, 12(6), 449-453. DOI:
https://doi.org/10.1089/jir.1992.12.449

Egelkrout, E., Rajan, V., & Howard, J.A. (2012). Overproduction of
recombinant proteins in plants. Plant Science, 184, 83-101.
DOI: https://doi.org/10.1016/j.plantsci.2011.12.005

Filiz, S., Uygun, D.FX., Sanal, O., Camcioglu, Y., Somer, A.,
Barlan, 1., et al. (2022). The demographic datas of chronic
granulomatous disease patients and the comparation of the
clinical datas before and after interferon-gamma treatment in
our country. Asthma Allergy Immunology, 11(3), 153-161.

Fukuzawa, N., Tabayashi, N., Okinaka, Y., Furusawa, R., Furuta,
K., Kagaya, U., et al. (2010). Production of biologically active
Atlantic salmon interferon in transgenic potato and rice plants.
Journal of Bioscience and Bioengineering, 110(2), 201-207.
DOI: https://doi.org/10.1016/j.jbiosc.2010.02.005

Grassegger, A., Schuler, G., Hessenberger, G., Walder-Hantich, B.,
Jabkowski, J., MacHeiner, W., et al. (1998). Interferon-gamma
in the treatment of systemic sclerosis: a randomized controlled
multicentre trial. British Journal of Dermatology, 139(4), 639-
648. DOI: https://doi.org/10.1046/j.1365-2133.1998.02460.x

Gray, P.W.,, Leung, D.W., Pennica, D., Yelverton, E., Najarian, R.,
Simonsen, C.C., et al. (1982). Expression of human immune
interferon c¢cDNA in E. coli and monkey cells. Nature,
295(5849), 503-508. DOI: https://doi.org/10.1038/295503a0

Gyurova, |.E., Ali, A., & Waggoner, S.N. (2020). Natural killer cell
regulation of B cell responses in the context of viral infection.
Viral Immunology, 33(4), 334-341. DOI:
https://doi.org/10.1089/vim.2019.0129

Hashioka, S., McGeer, E.G., Miyaoka, T., Wake, R., Horiguchi, J.,
& McGeer, P.L. (2015). Interferon-y-induced neurotoxicity of
human astrocytes. CNS & Neurological Disorders-Drug
Targets, 14(2), 251-256. DOl: https://doi.
10.2174/1871527314666150217122305

Haynes, J.,, & Weissman, C. (1983). Constitutive, long-term
production of human interferons by hamster cells contalning
multiple copies of a cloned interferon gene. Nucleic Acids
Research, 11(3), 687-706. DOL:
https://doi.org/10.1093/nar/11.3.687

Heidari-Japelaghi, R., Haddad, R., Valizadeh, M., Dorani-Uliaie,
E., & Jalali-Javaran, M. (2019a). Elastin-like polypeptide

fusions for high-level expression and purification of human
IFN-y in Escherichia coli. Analytical Biochemistry, 585,
113401. DOI: https://doi.org/10.1016/j.ab.2019.113401

Heidari-Japelaghi, R., Valizadeh, M., Haddad, R., Dorani-Uliaie,
E., & Jalali-Javaran, M. (2020a). Fusion to elastin-like
polypeptide increases production of bioactive human IFN-y in
tobacco. Transgenic  Research, 29, 381-394. DOI:
https://doi.org/10.1007/s11248-020-00205-y

Heidari-Japelaghi, R., Valizadeh, M., Haddad, R., Dorani-Uliaie,
E., & Jalali-Javaran, M. (2020b). Production of bioactive
human IFN-y protein by agroinfiltration in tobacco. Protein
Expression and  Purification, 173, 105616. DOI:
https://doi.org/10.1016/j.pep.2020.105616

Heidari-Japelaghi, R., Valizadeh, M., Haddad, R., Dorani-Uliaie,
E., & Jalali-Javaran, M. (2019b). Elastin-like polypeptide
fusions enhance transient expression of human IFN-y in
tobacco leaves. South African Journal of Botany, 125, 321-328.
DOI: https://doi.org/10.1016/j.sajb.2019.08.003

Hirata, T., & Kizuka, Y. (2021). N-glycosylation. In: Lauc G,
Trbojevié-Akmaci¢ 1 (eds.) The role of glycosylation in health
and disease. Advances in experimental medicine and biology.
vol 1325, Springer, Cham.

Hu, ZJ., Xu, J, Yin, JM,, Li, L., Hou, W., Zhang, L.L., et al.
(2020). Lower circulating interferon-gamma is a risk factor for
lung fibrosis in COVID-19 patients. Frontiers in immunology,
11, 585647. DOI: https://doi.org/10.3389/fimmu.2020.585647

Huang, S.K., Jin, J.Y., Guan, Y.X,, Yao, Z., Cao, K., & Yao, S.J.
(2013). Refolding of recombinant human interferon gamma
inclusion bodies in vitro assisted by colloidal thermo-sensitive
poly(N-isopropylacrylamide) brushes grafted onto the surface
of uniform polystyrene cores. Biochemical Engineering
Journal, 74, 20-26. DOI:
https://doi.org/10.1016/j.bej.2013.02.015

Imel, E.A., Ziyue Liu, Z., Acton, D., Coffman, M., Gebregziabher,
N., Tong, Y., et al. (2019). Interferon gamma-1b does not
increase markers of bone resorption in autosomal dominant
osteopetrosis. Journal of Bone and Mineral Research, 34(8),
1436-1445. DOI: https://doi.org/10.1002/jbmr.3715

lzu, A.E., Jaffe, H.S., Curnutte, J.T., & Ezekowitz, R.A.B. (2020).
Interferon-gamma treatment of chronic granulomatous disease.
In: Anti-infective applications of interferon-gamma. CRC
Press, 11-28.

Jiang, M.C., Hu, C.C,, Lin, N.S., & Hsu, Y.H. (2019). Production of
human IFN-y protein in Nicotiana benthamiana plant through
an enhanced expression system based on bamboo mosaic virus.
Viruses, 11(509), 1-18. DOl:
https://doi.org/10.3390/v11060509

Jorgovanovic, D., Song, M., Wang, L., & Zhang, Y. (2020). Roles
of IFN-y in tumor progression and regression: a review.
Biomarker Research, 8, 49, DOI:
https://doi.org/10.1186/s40364-020-00228-x

Key, L.LJr., Ries, W.L., Rodriguiz, R.M., & Hatcher, H.C. (1992).
Recombinant human interferon gamma therapy for
osteopetrosis. The Journal of Pediatrics, 121(1), 119-124. DOI:
https://doi.org/10.1016/S0022-3476(05)82557-0

Kim, D-Y., Han, D-K., Beak, H-J., Jung, S-T., Kook, H., & Hwang,
Y-J. (2007). Long-term recombinant interferon-y treatment in 2
cases of osteopetrosis. Korean Journal of Pediatrics, 50(11),

V¥ lwno) 9 3l 1Y 0 losls /0003190 0590 [ G j (Soos 9 Sl ) (oo

1129-1133.




wedd 5 NIEN Ll L8 05 5 0!

O 5 5,5

Lagutin, O.V., Dobrovolsky, V.N., Vinogradova, T.V., Kyndiakov,
B.N., Khodarovich, Y.M., Jenkins, N., et al. (1999). Efficient
human IFN-gamma expression in the mammary gland of
transgenic mice. Journal of Interferon and Cytokine Research,
19(2), 137-144. DOI:
https://doi.org/10.1089/107999099314289

Leister, P., Tileva, M., Krachmarova, E., & Nacheva, G. (2013).
Expression of human interferon-gamma gene in human tissue
culture cells. Biotechnology and Biotechnological Equipment,
27(1), 3573-3576. DOI:
https://doi.org/10.5504/BBEQ.2012.0128

Marciano, B.E., Wesley, R., De Carlo, E.S., Anderson, V.L.,
Barnhart, L.A., Darnell, D., et al. (2004). Long-term interferon-
gamma therapy for patients with chronic granulomatous
disease. Clinical Infectious Diseases, 39(5), 692-699. DOI:
https://doi.org/10.1086/422993

Martinez-Planas, A., Baquero-Artigao, F., Santiago, B., Fortuny, C.,
Méndez-Echevarria, A., Del Rosal, T., et al. (2021). Interferon-
gamma release assays differentiate between mycobacterium
avium complex and tuberculous lymphadenitis in children. The
Journal of Pediatrics, 236, 211-218. DOI:
https://doi.org/10.1016/j.jpeds.2021.05.008

Martinez-Sabadell, A., Arenas, E.J., & Arribas, J. (2022). IFN-y
signaling in natural and therapy-induced antitumor responses
IFN-y signaling in antitumor responses. Clinical Cancer
Research, 28(7), 1243-1249. DOIl:
https://doi.org/10.1158/1078-0432.CCR-21-3226

Mikulecky, P., Zahradnik, J., Kolenko, P., Cem}'r, J., Charnavets, T.,
Kolarova, L., et al. (2016). Crystal structure of human
interferon-y receptor 2 reveals the structural basis for receptor
specificity. Acta Crystallographica Section D: Structural
Biology, 72(9), 1017-1025. DOI:
https://doi.org/10.1107/S2059798316012237

Milanes-Virelles, M., Garcia-Garcia, |., Santos-Herrera, Y., Valdes-
Quintana, M., Valenzuela-Silva, C.M., Jimenez-Madrigal, G.,
et al. (2008). Adjuvant interferon gamma in patients with
pulmonary atypical Mycobacteriosis: a randomized, double-
blind, placebocontrolled study. BMC Infectious Diseases, 8,
17. DOI: https://doi.org/10.1186/1471-2334-8-17

Miller, C.H., Maher, S.G., & Young, H.A. (2009). Clinical use of
interferon-y. Annals of the New York Academy of Science
Journal, 1182(1), 69-79. DOI: https://doi.org/10.1111/j.1749-
6632.2009.05069.x

Mironova, R., Niwa, T., Dimitrova, R., Boyanova, M., & Ivanov, .
(2003). Glycation and post-translational processing of human
interferon-y expressed in Escherichia coli. Journal of
Biological ~ Chemistry,  278(51), 51068-51074. DOI:
https://doi.org/10.1074/jbc.M307470200

Mori, M., Zhang, G.H., Kaido, M., Okuno, T., & Furusawa, I.
(1993). Efficient production of human gamma interferon in
tobacco protoplasts by genetically engineered brome mosaic
virus RNAs. Journal of General Virology, 74(7), 1255-1260.
DOI: https://doi.org/10.1099/0022-1317-74-7-1255

Moss, R.B., Hsu, Y.P., & Olds, L. (2009). Cytokine dysregulation
in activated cystic fibrosis (CF) peripheral lymphocytes.
Clinical and Experimental Immunology, 120(3), 518-525. DOI:
https://doi.org/10.1046/j.1365-2249.2000.01232.x

Moss, R.B., Mayer-Hamblett, N., Wagener, J., Daines, C., Hale, K.,
Ahrens, R., et al. (2004). Randomized, double-blind,
placebocontrolled, dose-escalating study of aerosolized

interferon gamma-1b in patients with mild to moderate cystic
fibrosis lung disease. Pediatric Pulmonology, 39(3), 209-218.
DOI: https://doi.org/10.1002/ppul.20152

Muir, AJ., Sylvestre, P.B., & Rockey, D.C. (2006). Interferon
gamma-1b for the treatment of fibrosis in chronic hepatitis C
infection. Journal of Viral Hepatitis, 13(5), 322-328. DOI:
https://doi.org/10.1111/j.1365-2893.2005.00689.x

Myasnikov, A.L., Berns, S.A., Talyzin, P.A., & Ershov, F.I. (2021).
Interferon gamma in the treatment of patients with moderate
COVID-19. Problems of Virology, 66, 47-54. DOI:
https://doi.org/10.36233/0507-4088-24

Nacheva, G., Todorova, K., Boyanova, M., Berzal-Herranz, A,
Karshikoff, A., & Ivanov, I. (2003). Human interferon gamma:
significance of the C-terminal flexible domain for its biological
activity. Archives of Biochemistry and Biophysics, 413(1), 91-
98. DOI: https://doi.org/10.1016/S0003-9861(03)00113-9

Nakajima, T., Tsunoda, S., Nakada, S., Nagata, S., & Oda, K.
(1992). Hyperproduction of human interferon y by rat cells
maintained in low-serum medium using the fibronectin gene
promoter. Journal of Biochemistry, 112(5), 590-597. DOI:
https://doi.org/10.1093/oxfordjournals.jbchem.a123945

Nassaj Hosseini, S.M., Shams-Bakhsh, M., Salamanian, AH., &
Yeh, S.D. (2012). Expression and purification of human
interferon gamma using a plant viral vector. Progress in

Biological Sciences, 2(2), 104-115. DOI:
10.22059/pbs.2013.2715
Ni, L, & Lu, J. (2018). Interferon gamma in cancer

immunotherapy. Cancer Medicine, 7(9), 4509-4516. DOI:
https://doi.org/10.1002/cam4.1700

Okay, G., Koc, M.M., Guler, E.M., Yabaci, A., Kocyigit, A., &
Akkoyunlu, Y. (2020). The effect of antiretroviral therapy on
IL-6, IL-1B, TNF-a, IFN-y levels and their relationship with
HIV-RNA and CD4+ T cells in HIV patients. Current HIV
Research, 18(5), 354-361. DOI:
https://doi.org/10.2174/1570162X18666200712174642

Pappas, P., Bustamante, B., Ticona, E., Hamill, R.J., Johnson, P.C.,
Reboli, A., et al. (2004). Recombinant interferon-ylb as
adjunctive therapy for AIDS-related acute cryptococcal
meningitis. The Journal of Infectious Diseases, 189(12), 2185-
2191. DOI: https://doi.org/10.1086/420829

Premzl, M. (2020). Comparative genomic analysis of eutherian
interferon genes. Genome, 112(6), 4749-4759. DOI:
https://doi.org/10.1016/j.ygeno0.2020.08.029

Raghu, G., Brown, K.K., Bradford, W.Z., Starko, K., Noble, P.W.,
Schwartz, D.A., et al. (2004). A placebo-controlled trial of
interferon gamma-1b in patients with idiopathic pulmonary
fibrosis. The New England Journal of Medicine, 350(2), 125-
133. DOI: 10.1056/NEJM0a030511

Raghu, G. (2017). Idiopathic pulmonary fibrosis: Lessons from
clinical trials over the past 25 years. European Respiratory
Journal, 50(4), 1701209. DOI: 10.1183/13993003.01209-2017

Razaghi, A., Owens, L., & Heimann, K. (2016a). Review of the
recombinant human interferon gamma  as an
immunotherapeutic: impacts of production platforms and
glycosylation. Journal of Biotechnology, 240, 48-60. DOI:
https://doi.org/10.1016/j.jbiotec.2016.10.022

Razaghi, A., Tan, E., Lua, L., Owens, L., Karthikeyan, O.P., &
Heimann, K. (2016b). Is Pichia pastoris a realistic platform for
industrial production of recombinant human interferon gamma?




OLea 5 S

weld 5 NIFN Ll 6L 055 0!

Biologicals, 45, 52-60. DOl:
https://doi.org/10.1016/j.biologicals.2016.09.015

Razmi, S., Jalali Javaran, M., Bagheri, A., Honari, H., & Soleimani
Zadeh, M. (2019). Expression of human interferon gamma in
tobacco chloroplasts. Romanian Biotechnological Letters,
24(2), 208-215. DOI: 10.25083/rh1/24.2/208.215

Riddell, L.A., Pinching, A.J., Hill, S., Ng, T.T., Arbe, E., Lapham,
G.P,, et al. (2001). A phase Il study of recombinant human
interferon gamma to prevent opportunistic infections
inadvanced HIV disease. AIDS Research and Human
Retroviruses, 17(9), 789-797. DOI:
10.1089/088922201750251981

Rodrigues, M.E., Costa, A.R., Henriques, M., Cunnah, P., Melton,
D.W., Azeredo, J., et al. (2013). Advances and drawbacks of
the adaptation to serum-free culture of CHO-K1 cells for
monoclonal antibody production. Applied Biochemistry and
Biotechnology, 169(4), 1279-1291. DOI:
https://doi.org/10.1007/s12010-012-0068-z

Rojas Contreras, J.A., Pedraza-Reyes, M., Ordonez, L.G., Estrada,
N.U., Barba de la Rosa, A.P., & De Leon-Rodriguez, A. 2010.
Replicative and integrative plasmids for production of human
interferon gamma in Bacillus subtilis. Plasmid, 64(3), 170-176.
DOI: https://doi.org/10.1016/j.plasmid.2010.07.003

Sandborn, W.J., Rutgeerts, P., Colombel, J-F., Ghosh, S., Petryka,
R., Sands, B.E., et al. (2017). Eldelumab [anti-interferon-y-
inducible protein-10 antibody] induction therapy for active
Crohn’s Disease: a randomised, double-blind, placebo-
controlled phase Ila study. Journal of Crohn's and Colitis,
11(7), 811-819. DOI: https://doi.org/10.1093/ecco-jcc/jjx005

Sareneva, T., Cantell, K., Pyhala, L., Pirhonen, J., & Julkunen, 1.
(1993). Effect of carbohydrates on the pharmacokinetics of
human interferon-y. Journal of Interferon and Cytokine
Research, 13(4), 267-269. DOI: 10.1089/jir.1993.13.267

Sareneva, T., Mortz, E., Tol6, H., Roepstorff, P., & Julkunen, I.
(1996). Biosynthesis and N-glycosylation of human
interferon-y: Asnzs and Asngr differ markedly in how
efficiently they are glycosylated and in their oligosaccharide
composition. European Journal of Biochemistry, 242(2), 191-
200. DOI: 10.1111/j.1432-1033.1996.0191r.x

Selman, M., Thannickal, V.J., Pardo, A., Zisman, D.A., Martinez,
FJ., & Lynch, J.P. (2004). Idiopathic pulmonary fibrosis:
Pathogenesis and therapeutic approaches. Drugs, 64, 405-430.
DOI: https://doi.org/10.2165/00003495-200464040-00005

Sigidin, Y.A., Loukina, G.V., Skurkovich, B., & Skurkovich, S.
(2001). Randomized, double-blind trial of anti-interferon-
gamma antibodies in rheumatoid arthritis. Scandinavian
Journal of Rheumatology, 30(4), 203-207. DOI:
https://doi.org/10.1080/030097401316909530

Skurkovich, B., & Skurkovich, S. (2003). Anti-interferon-gamma
antibodies in the treatment of autoimmune diseases. Current
Opinion in Molecular Therapeutics, 5(1), 52-57.

Talaat, R.M., Elsharnoby, S., Abdelkhalek, M.S., El-Shenawy, S.Z.,
& Elmasry, S. (2022). The impact of interferon-y (IFN-y) and
IFN-y-inducible protein 10 (IP-10) genes’ polymorphism on
risk of Hepatitis C Virus—related liver cirrhosis. Immunological
Investigations, 51(3), 688-704. DOl:
https://doi.org/10.1080/08820139.2020.1869251

Tsai, M., Thauland, T.J., Huang, A.Y., Bun, C., Fitzwater, S.,
Krogstad, P., et al. (2020). Disseminated coccidioidomycosis
treated with interferon-y and dupilumab. The New England
Journal of  Medicine, 382(24), 2337-2343. DOI:
10.1056/NEJM0a2000024

Wang, D., Ren, H., Xu, JW., Sun, P.D., & Fang, X.D. (2014).
Expression, purification and characterization of human
interferon-y in Pichia pastoris. Molecular Medicine Reports,
9(2), 715-719. DOI: https://doi.org/10.3892/mmr.2013.1812

Wirusanti, N.1., Baldridge, M.T., & Harris, V.C. (2022). Microbiota
regulation of viral infections through interferon signaling.
Trends in  Microbiology, 30(8), 778-792. DOI:
https://doi.org/10.1016/j.tim.2022.01.007

Wu, Y., Zhao, D., Song, L., & Xu, W. (2009). Heterologous
expression of synthetic chicken IFN-y in transgenic tobacco
plants. Biologia, 64(6), 1115-1122. DOI:
https://doi.org/10.2478/s11756-009-0203-7

Xie, F.J., Zhao, P., Zhang, Y.P., Liu, F.Y., Nie, X.L., Zhu, Y.H., et
al. (2013). Adenovirus-mediated Interferon-y gene therapy
induced human pancreatic carcinoma capan-2 cell apoptosis in
vitro and in vivo. The Anatomical Record, 296(4), 604-610.
DOI: https://doi.org/10.1002/ar.22661

Yaghtin, A., Jalali Javaran, M., & Karimzadeh, G. (2012). Transfer
of human interferon y-oleosin genes to safflower (Carthamus
tinctorius L.). Genetic Engineering and Biosafety Journal, 1(2),
93-102. URL: http://gebsj.ir/article-1-231-fa.html

Yang, Y., Wang, H.J., Hu, W.L., Bai, G.N., & Hua, C.Z. (2022).
Diagnostic value of interferon-gamma release assays for
tuberculosis in  the immunocompromised  population.
Diagnostics, 12(2), 453. DOI:
https://doi.org/10.3390/diagnostics12020453

Zhang, S., Li, X., Tian, Y., Chen, H., Liang, D., Chen, K, et al.
(2022). Assay for interferon gamma release as a novel marker
in pediatric patients with systemic lupus erythematosus.
Research  Square. DOI: https://doi.org/10.21203/rs.3.rs-
2272370/V1.

Zhao, P., Zhu, Y.H., Wu, J.X,, Liu, R.Y., Zhu, X.Y., Xiao, X., et al.
(2007). Adenovirus-mediated delivery of human IFNy gene
inhibits prostate cancer growth. Life Science, 81(9), 695-701.
DOI: https://doi.org/10.1016/j.1fs.2007.05.028

Ziesche, R., Hofbauer, E., Wittmann, K., Petkov, V., & Block, L.H.
(1999). A preliminary study of long-term treatment with
interferon gamma-1b and low-dose prednisolone in patients
with idiopathic pulmonary fibrosis. The New England Journal
of Medicine, 341(17), 1264-1269. DOI:
10.1056/NEJM199910213411703

Zuo, Y., Wu, J., Xu, Z., Yang, S., Yan, H., Tan, L., et al. (2011).
Minicircle-oriP-IFNy: a novel targeted gene therapeutic system
for EBV positive human nasopharyngeal carcinoma. PLo0S
One, 6(5), 1-12. DOI:
https://doi.org/10.1371/journal.pone.0019407

Zwerling, A., Van Den Hof, S., Scholten, J., Cobelens, F., Menzies,
D., & Pai, M. (2012). Interferon-gamma release assays for
tuberculosis screening of healthcare workers: a systematic
review. Thorax, 67(1), 62-70. DOl:
http://dx.doi.org/10.1136/thx.2010.143180

V¥ lwno) 9 3l 1Y 0 losls /0003190 0590 [ G j (Soos 9 Sl ) (oo




