Y TR R Chin J Biotech 2008, January 25; 24(1): 53-62
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2008 Institute of Microbiology, CAS & CSM, All rights reserved.

a2b IgG Fc

T & 3, 1%

> , 230027

: THAATFHE a(HulFNo) ST 2B TV KRG 77 % A AR R bk R AT 98 . 2 IFNo A4 A ¥ Z B84 MM
FH IFNa £ R A S5 E T ER ., BAIFAAFEmfl b Rae 7 ERkER [FNa 9 F 20, EX
R E, T IFNa2b 5 A IgG £ EHKEEG Fo A Egakb A B (IFNa2b-Foy) £ 5 A B 8 F oL Z AR X ok KA,
HA RS HEHA. RF BA Foy K B kA& @ *F [FNa2b ik F7E M H — & %ok . 2+ IFNa2b-Fey2 AT % #oh i ),
43 % 4549 IFNo2b /KT 2.3 4%, mAEE T 429x10" IU/mg, KR Fi2ft /e B3Rk ¥ F R AL 65h, iR+ 4
BT 120 h A B, WA SR EATFRENRAFRYEKRY 8§43, R FEHEERK 1012, 27T HRIF6KREA

s FRE a2b, REREE, #EEE, FRY, FABHE

Enhanced Circulation Half-life for Human IFNa2b and IgG
Fc Fusion Protein
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Abstract: Recombinant human interferon alpha (rHulFNa) has been successfully used in antiviral and antitumor treatment. How-
ever, it degrades rapidly in vivo, resulting in the disappearance of cytokine in the plasma within several hours after administration.
Strategies including chemical modification and fusion proteins have been used to improve the half-life of IFNa in vivo. In the present
study, we constructed fusion proteins with IFNa2b and the IgG Fc region from various subtypes of human IgG and expressed them in
methylotropic yeast, Pichia pastries. The fusion proteins were secreted to the culture medium as the active form of disulfide-linked
homodimer with a single glycoslation modification on each molecule. Regardless of the subtype of Fcy, fusing Fcy fragments to
IFNa2b showed impaired antiviral activities than the control IFNa2b in vitro. With the highest antiviral activity, [IFNa2b-Fcy2 was
measured as 4.29x10” IU/mg, which decreased 2.3 times compared to the control IFNai2b. The half-life of IFNa2b-Fcy2 in blood
circulation extended to 65 hours and was still detectable until 120 hours, which was 8 times longer for circulation half-life and 10
times longer for metabolic kinetic time than the control [FNa2b. The results demonstrated that fusing IgG Fc region with IFNa2b
could improve the pharmacokinetic properties of the fusion proteins, which has the potential in clinical therapy.
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(LFA-3) M1, II(TNERII) 16

12(IL-12)1"
, 1gG Protein

IgG )

PCR IFNo2b  IgG
IFNa2b Fey(Feyl Fey2
Feyl-mut Fcy2-mut) , Feyl
(Feyl-mut)  Feyl 234  Leu 235
Leu 331 Pro Val Ala  Ser ; Fey2
(Fey2-mut)  Fey2 331  Pro  Ser

Fc 5

Kex2 Stel3 Kex2
o s IFNo2b

N
1 #RE57#E

11 ##
Sprague-Dawley (SD)
, Wish
, Hela , Wish Hela
10 Dulbeccco’s modified Eagle
medium (DMEM) , 5%C0,, 37°C
G/S115
pPIC9K
, IFNa2b
IFNa IgG Fe-yl
TOPO-IGH1 IgG Fc-y2
His-TOPO-IGH2, IgG Fc-yl-mut
pEF6/V5-His-TOPO-IGH1-mut IgG Fc-y2-mut
pEF6/V5-His-TOPO-IGH2-mut  E. coli

pGEM-7Z/
pEF6/V5-His-
pEF6/V5-

DH5a

Oxoid , YNB D-biotin DMEM RPMI-1640
Protein A agarose Invitrogen ,
, Promega, Pfu

T4DNA TaKaRa , Endo-N-acetyl-
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glucosaminidase H Sigma, IFN-a ELISA a-Factor-IFNa2b
Bender , HulFN-02b a-Factor-Fw  HulgG Fcy-Ry,
, HRP IgG(H+L) HRP a-Factor-IFNoa2b Fey
a-Factor-IFNa2b-Fcy , O
IFNa2b-Fcy N , Kex2
1.2 7% Stel3 Kex2
1.2.1 ( 1) a-Factor-IFNa2b-Fcy pPIC9K
o-Factor-Fw a-Factor-K/S-Rv BamH1 EcoR1 R T4
a-Factor-Fw  o-Factor-K-Rv Kex2 Stel3 , E. coli DHSa,
o Kex2 DNA
a ; 1.2.2 1
IFNo2b-K/S-Fw  IFNo2byl-Rv IFNa2b-K/S-Fw 10 ng, Sal 1
IFNo2by2-Rv ~ IFNoa2b-K-Fw IFNo2byl-Rv GS115, 1.5kV, 25 pF, 200 Q
IFNo2b-K-Fw IFNo2by2-Rv IFNo2b 1 mL ,
; HulgG Fcyl-Fw HulgG MD ,30C 48~72 h,
Fcy-Rv  HulgG Fcy2-Fw HulgG Fcy-Rv Fey 0.5 mg/mL
G418 YPD ,30C 72~96 h,
a-Factor-Fw IFNa2byl-Rv 5 mL MGY , 30°7C,
o-Factor-Fw IFNo2by2-Ryv, o 250r/min ODgyy  2~6,
IFNo2b , , , 10 mL
*1 EBHAESIYBIF
Table 1 The list of the oligonucleotide primers used in this study
Primer Sequence

a-Factor-Fw

a-Factor-K/S-Rv

a-Factor-K-Rv

IFNa2b-K/S-Fw

IFNo2b-K-Fw

[FNa2b/y1-Rv
IFNa2b/y2-Rv
HulgG Feyl-Fw
HulgG Fey2-Fw

HulgG Fcy2-Rv

5-ATGGATCCAAACGATGAGATTTC-3'

A 4 M
5 '-K}AGGCAGATCACAlAGCTTCAGCCTCICTTTTCTCG -3

5'CTTTTCTCGAGAGATACC-3'

"6 AAGC TG TGATCTGCCTCARACTTAT
S'ZC}AGGCTGAAGC 3’
5'-CTCGAGAAAAG ‘ﬂﬂﬂﬂ(ﬁqqﬁq 3’

S“GATTTGGGCTATTCCTTACTTCTTAAACTTTCTTGE3!

5

CATTTGCGCTAITCCTTACTTCTTAAACTTTCTTG3!

S'"IGAAGTAAGGAAIGAGCCCAAATCTTGTGACCAAAAO3'
5S'IGAAGTAAGGAAIGACGCAAATGTTGTGTCGAGTG-3'

5'-CTGAATTCCTATTTACCCGGAGACAGGGAGAGGCTCTTC-3'

The restriction enzyme sites for EcoR I (GGATCC) and BamH 1 (GAATTC) included in the PCR primers are indicated by underlining.
The start coding ATG and terminator TAG are shown as boldfaced. The solid down arrows indicate the Kex2 cleavage site and the up arrows
indicate the Stel3 cleavage sites. The sequences from IFNa2b are indicated by rectangle and the sequences from Fcy are indicated as ellipti-

cal.
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BMMY 0.5%, 30°C, 250 r/min
96 h , SDS-PAGE
1.2.3 SDS-PAGE  Western blot
SDS-PAGE
Western blot , [18] ,
Western blot IFNa2b HRP
HulgG R IFNa2b HRP

1.24
10 000 r/min
, MILLIPORE
s 10 ;
20 pL Protein A agarose,

10 min,

Protein A agarose EP 50 r/min
, 2h EP
Protein A agarose EP ,

s TBS(50 mmol/L Tris-HC1, pH 7.4 ; 150

5 min,

mmol/L NaCl) Protein A agarose 3 ,
TBS , EP 2 mL (50
mmol/L Glycine-HCI, pH3.0), 1 min
Protein A agarose , EP
Protein A agarose , ,
1/10 (I mol/L
Tris-HCI , pH 8.0 ; 1.5 mol/L NaCl ; 1 mmol/L EDTA)
pH 7.0 Superdex 200
, Tris
(20 mmol/L Tris-HCI, pH 8.0; 0.4 mol/L NaCl)
1 mL/min Superdex 200 ,
0.5 mL/min , Tris
1 mL/min ,
SDS-PAGE
1.2.5 ELISA
I[FNoa ELISA ,
IFNa ELISA
1.2.6 N-
endo-N-acetylglucosa-
minidase H , endo-N-acetylglucosa-
minidase H
1.2.7

[19]
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,  Wish 2x10° cells/mL, 96
R 100 pL ,
IFNa2b , 37
18 h 100 TCIDS50 VSV 24 h,
MTT , 570 nm
1.2.8
Hela (201
Hela 1x10° cells/mL, 96 s
100 uL IFNa2b
HulgG , 37
72 h MTT , 570
nm
1.2.9
SD IFNa2b
IFNo2b-Fcy2 , 2.5 pg/Kg 5
ng/Kg SD ,
, IFNa ELISA
2 £R
2.1 BEEAFERNHE
IFNa2b-Fcy
o Kex2
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9K-Kex-IFNo2b-Fcy2  pPIC9K-Kex-IFNa2bFc- y1-
mut pPIC9K-Kex-IFNa2b-Fcy2-mut; o
Kex2 Stel3
pPICI9K-Kex/Ste-IFNa2b-Fcyl pPIC9K-Kex/ Ste-
I[FNa2b-Feyl-mut  pPIC9K-Kex/Ste-IFNa2b-Fcy2
pPICI9K -Kex/ Ste-IFNa2b-Fcy2-mut( 1),

( )
2.2 IFNa2b-Fey B & EAMRIE
8
SDS-PAGE ,
45 kD ,

, GS115(

pPIC9K ) , 8
( 2A)

IFNa2b HRP HulgG Western
blot s IFNa2b
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Fig. 1

Histograms of IFNa2b-Fcy fusion proteins

The histograms of a series of IFNo2b-Fcy fusion proteins with various combinations of subtype IgG Fcy fragments and signal peptides are
illustrated in Fig. 1. The different shapes represent each of the elements within the protein and are labeled as following: 5 ZOX1: 5'alcohol

oxidase 1 promoter fragment; 3 ZOX1: 3 AOX1 fragment; a-Factor signal: a-Factor secretion signal; TT: 3 ZOX1 transcription termination;

HIS4: histidinol dehydrogenase; Kex: Kex2 cleavage site; Stel3: Stel3 cleavage site. The yeast expression vector pPIC9K is used for ex-
pressing the recombinant fusion proteins and a name is assigned to each protein as indicated on the right

( 2B) HulgG ( 20
, IFNo2b-Fcy
o Kex2
N o, pPICI9K-Kex/Ste-IFNa
2b-Fcyl pPIC9K-Kex/Ste-IFNo2b-Fcyl-mut pPIC9
K-Kex/Ste-IFNa2b-Fcy2  pPIC9K-Kex/Ste-IFNa2b-
Fcy2-mut 4
4
SDS-PAGE ,
( 2D)
BMMY pH 7.0, 1% , 30
96 h, IFNa ELISA
370 mg/L
IFNa2b  Fcy s IFNa2b

150 mg /L( 3)

2.3 MSEAMAIL

Protein A IgG R
IgG Fc
IFNo2b-Fc S Protein
A , Superdex
200 (
1.2.4), SDS-PAGE
( 4 Protein A SDS-PAGE
,45 kD
, , 35kD
( 4, 2) , 45
kD ,
( 2.4) 35 kD
Protein A
, 45 kD
92%, 81%,
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Fig. 2 Screening IFNa2b-Fcy fusion protein expression clones

10 pL of culture supernatants from each of the eight transformants which express different forms of IFNa2b-Fcy fusion proteins were loaded
on a 12% SDS-PAGE and are detected with Coomassie brilliant blue staining [A], and Western Blotting with either Anti-HulFNa2b [B] or
Anti-HulgG [C]. The selected samples as indicated were also run in parallel with reduced (D, lanes 1~4) and non-reduced (D, lanes 5~8)

SDS-PAGE
160 - 7 - ’
’_ET SDS-PAGE 45 kD
2 120 1 ( 4, 3), , 98%
s .
N Protein A
Z 80 -
E bl
3
S 40 , SDS-PAGE
(=]
o
0- - = 1), 45 kD
o o 2 o5
NP 3 E 3 E
Py ? = ?Q )
z o 28 £
= = = (SDS-PAGE Bandscan )
24 BMEEEAMRSEEREELSF
i3 3k gt .
3 REBEAMTEER Protein A Superdex 200
Fig. 3 Quantition of the product yield of recombinant
protein 45 kD
Quantitive IFNa ELISA was used to measure the expression levels Western (
of recombinant proteins from the culture medium of selected colo- ’
nies. The data represents the mean £SEM of quadruplicate tests in 5 1)
different experiments
P ,  IFNo2b-Fey 247

11% Protein A
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4 IFNa2b-Fey2 BASERRIAL
Fig. 4 Purification of the recombinant IFNa2b-Fcy2 fusion
protein
Protein A affinity column and size exclusion chromatography (SEC)
with Superdex 200 were employed for purification of IFNa2b-Fcy2
fusion protein from the culture medium as described in Reagents
and Methods. SDS-PAGE was used for monitoring the eluted prod-
ucts through out every step of the process. As shown in Fig. 4, lane
1 was loaded with 10 pL of culture supernatants, lane 2 was loaded
with 10 pg of collected product from protein A affinity chromatog-
raphy and lane 3 was loaded with 10 pg of collected products after
the size exclusion chromatography. The corresponding positions of
the products IFNa2b-Fcy2 and protein A found in the gel were
indicated as expected at 45 kD and 35 kD, respectively

h]
f=]
8
g
QA ([«
5 53
& )
w
s &5
= 3 3 =5
5Z Z::
Qq& Eo
i e <— Anti-IFNo2b
1 2

5 IFNoe2b-Fey2 {4 # & Western blot ¥ &
Fig. 5 Western blot analyzed the purified IFNa2b-Fcy2
fusion protein
Western blot with anti-HulFNa2b antibody was performed to verify
the identity of IFNa2b-Fcy2 fusion protein. As shown in Fig. 5, lane
1 was a collected product from SEC purification and lane 2 was the
culture supernatants used in the purification

N- ( 6
Endo-N-acetylglucosaminidase H
SDS-PAGE

>

B

[21-23]

Endo-N-acetylglucosa minidase H

+ —
B , Glycosylated form
e DA
— Deglycosylation form
1 2

6 IFNa2b-Fey2 N-#EE L 5> 47
Fig. 6 Analysis the N-linked glycosylation in the produced
IFNa2b-Fcy2 fusion protein
To analyze the N-linked glycosylation in IFNa2b-Fcy2 fusion pro-
tein, the Endo-N-acetylglucosaminidase H reaction was performed
followed by SDS-PAGE. The proteins with and without
Endo-N-acetylglucosaminidase H digestions are labeled with ‘+’
and ‘—’, respectively. After reactions, the products were run on a
SDS-PAGE and detected using Coomassie brilliant blue staining.
The corresponding binds for the forms of glycosylation and Degly-
cosylation are labeled with the arrows

2.5 FBEEATIREMEEN
IFNa2b-Fcy

« 7 8),

IgG
VSV Wish ,
IFNa2b-Fcyl, IFNa2b-Fcy2, IFNa2b-Fcyl-mut, IFNa
2b-Fcy2-mut

>

1.45x107, 1.72x107, 1.62x10’ 1.52x10’
IU/mg(  7) IFNa2b
, 3.63x107, 4.29x107,
4.05x107, 3.79x10" 1U/mg IFNa 2b IFNa
2b-Fcy2 Hela

, IFNoa2b-Fcyl, IFNa2b-Fcy2,
mut IFNo2b-Fcy2-mut
IFNa2b 3.42 4.35

IFNoa2b- Fcyl-

2.48 6.55

[24-26]
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, IFNa2b
10 7 =
57h 11.8 ng/mL, 8.3 h
2 - 5.9 ng/mL, 15h ; I[FNa2b- Fcy2
g
: : 12.1 h
£2 .
T; S 16.2 ng/mL, 65h ,
z2 ] 120 h , 1gG Fey
270" 3
/ IFNo2b :
2 IFNa2b s 7.8
/ . 10 , IFNa2b- Fey2
. T 12.1 h, IFNo2b
N= ] o8 ©E =
25 3% 9= 34 NG 5.7 h, IFNa2b- Fey2
g% g% 25 g& & -~
- . N | —+—IFNa2b
7 BEEBRRHEEESN 075 —a— [FNo2b-Feyl
Fig. 7 Antiviral activity assay 0.70 —v— [FNa2b-Fcy2
Possessing the antiviral activities of the IFNa2b-Fcy protein, a e —4= IFNu2b-Fey2-mut
standard virus protection assay on Wish cells with VSV was per- 5 0,654 —v~ IFNa2b-Fey2-mut
formed. The commercially available [IFNa2b (Anke, Anhui) and gf '
Human normal IgG were used as the standard and control for the 3 0604
experiments, respectively )
0.55 1 —, 2
¥
2.6 IFNo2b-Fey IR 1% 0.50 - \‘\\
TFNo2b-Fey ) 0.012 0.049 0.195 0781 3.125 1250 50.00
SD , Conc. of IFN-02b/(ng/mL)
IFNo2b ( 8 N
8 MAEERMIBEFEEST
SD IFNo2b-Fey2 5 nglke, Fig. 8 Antiproliferation activity assay
IFNa2b 2.5 ug /kg’ 8 The Antiproliferation assay was performed on Hela cells with the
IFNo2b-Fcy fusion proteins as indicated. Each data point represents
, ELISA IFNa 2b the mean £SEM of 3 independent experiments

=]FNoa2b-Fcy2
-+ [FNa2b

Conc. of IFN-02b (ng/mL)

0 10 20 30 40 50 60 70 8 90 100 110 120

Time after hypodermic administration/h

9 IFNa2b-Fey2 ZHKEN 71 F 5347
Fig. 9 Pharmacokinetics assay of IFNa2b-Fcy2 in SD rat
Groups of SD rat (n =3 for each group) were subcutaneously administered with either IFNa2b (2.5 png/kg) or IFNa2b-Fcy2 (5 pg/kg). Blood
aliquots were withdrawn at the indicated time points and the concentration of human IFNa was determined with human IFNa ELISA Kit.
Each data point represents the mean £+SEM of triplicate samples in the same experiment (P<0.05)
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331Pro Val, Ala, Ser, Fcy2
331Pro Ser Fc FcyR
(3031} IFNa2b Feyl
IFNa2b-Feyl-mut, IFNa2b-Fcy2-
ADCC
, ADCC
IFNo2b

Fcy2

mut,

, Fey
Fey Fey FcyR
IFNo2b  Fcy
, Fcy2 IFNa2b
Fey
, ADCC IgG Fey
, Fey

IFNa2b- Fcy2

IFNa2b 23,
65 h
40 h
IFNoa2b-Fcy2
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