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Recombinant human interferon- (rhIFN-w) exhibits a potent antiviral activity. Because of poor pharma-
cokinetics (PK) of rhIFN-m, frequent dosing of rhIFN-w is necessitated to achieve the sustained antiviral
efficacy. PEGylation can efficiently improve the PK of rhIFN-w while substantially decrease its bioactivity.
The structure, antiviral activity and PK of the PEGylated rhIFN-m were measured to establish their rela-
tionship with PEGylation sites, polyethylene glycol (PEG) mass and PEG structure. Accordingly, N-termi-
nus and the lysine residues were selected as the PEGylation sites. PEGs with M,, of 20 kDa and 40 kDa
were used to investigate the effect of PEG mass. Linear and branched PEGs were used to investigate
the effect of PEG structure. PEGylation decreased the antiviral activity of rhIFN-m and improved its PK.
The PEGylation sites determine the bioactivity of the PEGylated rhIFN-» and the conjugated PEG mass
determines the PK. N-terminally PEGylated rhIFN-w with 40 kDa linear PEG maintains 21.7% of the rhl-
FN-o antiviral activity with a half-life of 139.6 h. Thus, N-terminally PEGylated rhIFN-® with linear

Keywords:
Interferon-m
Antiviral agent
PEGylation
Pharmacokinetics

40 kDa PEG is a potential antiviral agent for long-acting treatment of the viral diseases.

© 2014 Elsevier B.V. All rights reserved.

1. Introduction

Interferon (IFN) is a family of cytokines that potently elicit an
antiviral and anti-tumor state in cells (Julander et al., 2007). IFN-
o and IFN-B are currently approved and widely used antiviral
agents. In contrast, IFN-m has 62% amino acid identity with IFN-
o and 33% amino acid identity with IFN-B (Capon et al., 1985).
Because of different antigenicity and immunogenicity between
IFN-® and IFN-o, IFN-o is a treatment option for the patients
who fail to respond to IFN-o. However, the antiviral potency of
IFN- is limited by its poor pharmacokinetics (PK) (Buckwold
et al., 2006). This necessitates frequent dosing of IFN- to achieve
the sustained antiviral efficacy for treating chronic viral diseases
(e.g., hepatitis C virus (HCV) infection).
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PEGylation, covalent conjugation of nontoxic polyethylene gly-
col (PEG), can improve the plasma half-life of a therapeutic protein
(Xue et al., 2013). In addition, PEGylation can decrease the proteo-
lytic sensitivity and immunogenicity of the protein (Xue et al.,
2013). However, PEGylation is a double-edged sword and can
adversely alter the interaction of the protein and its cellular recep-
tors by sterically shielding of the protein’s surface (Greenwald
et al., 2003). The bioactivity of the protein was decreased by PEGy-
lation. Thus, PEGylation of IFN-m represents a great challenge to
balance these two opposing effects.

Recently, the PEGylated IFN-o2a (PEGASYS, Roche Inc.) and the
PEGylated IFN-o2b (PegIntron, Schering-Plough Inc.) have been
approved for treatment of HCV infection. Clinical trial results have
shown that the PEGylated IFNs produce sustained viral response
superior to their respective standard IFN-o (Lindsay et al., 2001;
Zeuzem et al., 2000). PEGASYS contains a branched 40 kDa PEG
with a half-life of 96 h and 7% of the IFN-o2a antiviral activity.
Pegintron contains a linear 12 kDa PEG with a half-life of 45h
and 28% of the IFN-o2b antiviral activity (Boulestin et al., 2006).
These pharmacological properties are influenced by the PEG mass,
the PEG structure (linear or branched PEG) and the PEGylation site.
High PEG mass (e.g., 40 kDa) tends to render low in vitro bioactivity
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of IFN for its strong steric shielding and prolonged plasma half-life
of the protein. As compared with linear PEG, branched PEG with
same molecular weight (My,) shows a stronger steric shielding
effect and a higher ability to prolong the plasma half-life of the
protein. In addition, PEGylation at or near the receptor binding
sites can alter the protein’s receptor-binding capability. However,
systemic investigations on the relationship of the three factors
and the PEGylated IFN-m have not been carried out yet.

In the present study, PEG aldehyde with M, of 20 kDa and
40 kDa was used for N-terminal mono-PEGylation (i.e., rhIFN-®
was conjugated with one PEG chain at the N-terminus) of recombi-
nant human IFN-o (rhIFN-w) (Fig. 1). Maleimide chemistry was
used for random mono-PEGylation of rhIFN-m, using PEG malei-
mide with M,, of 20 kDa (P20K-mal) and 40 kDa (P40K-mal)
(Fig. 1). The PEG reagents used were linear PEGs, except that
P40K-mal was a branched PEG consisting of two 20 kDa PEG
chains. Structure, antiviral activity and PK of the PEGylated rhl-
FN-o samples were investigated in details.

2. Materials and methods
2.1. Materials

rhIFN-® was prepared and purified as Li et al. (2011). Linear
mPEG propionaldehyde with 20 kDa (P20K-ald), linear mPEG pro-
pionaldehyde with 40 kDa (P40K-ald), linear mPEG maleimide
with 20 kDa (P20K-mal) and branched mPEG maleimide with
40 kDa (P40K-mal) were purchased from Jenkem Biotech (Beijing,
China). Trypsin, sodium cyanoborohydride and 2-iminothiolane
(IT) were ordered from Sigma (USA). Interferon (o, B, and ®) recep-
tor 2 (IFNAR2) was purchased from Sino Biological Inc. (Beijing,
China).

2.2. Preparation of the PEGylated rhIFN-

2.2.1. PEG-ald mediated PEGylation

PEG-ald mediated PEGylation was conducted essentially as Mu
et al. (2013). rhIFN-® (2.2 mg/ml, 0.1 mM) was incubated with
04 mM P20K-ald and 0.4 mM P40K-ald in the presence of
8.0 mM sodium cyanoborohydride, respectively. The incubation
was carried out in 20 mM NaAc-HAc buffer (pH 5.0) at 4 °C for
overnight.

2.2.2. IT-mediated PEGylation

IT-mediated PEGylation was conducted essentially as Liu et al.
(2012b). rhIFN-® (2.2 mg/ml, 0.1 mM) was incubated with
04 mM P20K-mal and 0.4 mM P40K-mal in the presence of
0.4 mM IT, respectively. The incubation was carried out in 20 mM
sodium phosphate buffer (pH 7.4) at 4 °C for overnight.

H,C—CH,
rhIFN-o-NH, + HZC\S/C=NH2C1

0
NH,CI

N\
I I N-PEG
rhIFN-0-NH-C-(CH,),-SH + PEG-N — rhIFN-0-NH-C-(CH,),-S
o

C

Thiolation

2.3. Purification of the PEGylated rhIFN-

The reaction mixtures were subjected to an SP Sepharose HP
column (1.6 cm x 25 cm, GE Healthcare) for removal of the free
PEG reagent. Then, the mixture of rhIFN-m and the PEGylated rhl-
FN-m eluted from the column were loaded on a Superdex 200 col-
umn (2.6 cm x 60 cm, GE Healthcare) based on size exclusion
chromatography. The fractions corresponding to the PEGylated rhl-
FN-m were pooled and concentrated.

2.4. Analytical methods

SEC analysis of the rhIFN-m samples was carried out as Xue
et al. (2013). Bicinchoninic acid protein assay kit (Vigorous
Biotechnology, Beijing, China) was used to measure the concentra-
tions of the rhIFN-w samples. SDS-PAGE analysis was conducted
using a 15% polyacrylamide gel. The gel was stained with
Coomassie blue R-250.

2.5. Characterization of the sites of PEGylation

Tryptic digestion of the rhIFN-ow samples was performed in
50 mM NH4HCO;3 containing 2 M urea (pH 8.3) at an enzyme-to-
substrate ratio of 1:50 (w/w) at 37 °C for overnight. The resultant
tryptic peptides were analyzed as Liu et al. (2012a). Since Arg’*
and Arg'?® cannot be modified by PEG, the recovery of peptide
T11 (75-123) was used as an internal standard.

2.6. Circular dichroism

The rhIFN-w samples were analyzed by the far-UV circular
dichroism (CD) at 25 °C, using a JASCO J-810 spectropolarimeter
(JASCO, Japan) with a 0.1 cm light path cuvette. All the rhIFN-m
samples were at a protein concentration of 0.1 mg/ml in 20 mM
sodium phosphate buffer (pH 7.4). The spectra of buffer blanks
were measured before the samples and subtracted from the spec-
tra of the samples.

2.7. Sedimentation velocity

Sedimentation velocity measurements were performed by ana-
lytical ultracentrifugation on a ProteomeLab XL-1 (Beckman, USA)
equipped with an An-60Ti rotor. The sedimentation coefficient (S)
and the ratio of frictional coefficient (f/f) of the rhIFN-® samples
were determined essentially as Hu et al. (2007).

2.8. Surface plasmon resonance

The binding affinity of the rhIFN-® samples to IFNAR2 was mea-
sured using surface plasmon resonance (SPR) analysis on a BIAcore
3000 instrument (Biacore, Sweden) essentially as Liu et al. (2012a).

NH,Cl
rhIFN-0-NH-C-(CH,),-SH

//O

NH,CI

AN
0

NaCNBH,
rhIFN-o-NH, + PEG-CHO ———» rhIFN-0-NH-CH,-PEG

Fig. 1. Schematic representation for preparation of the PEGylated rhIFN-®.
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2.9. Antiviral activity

The antiviral activity was evaluated according to the cell path-
ogenic effect of vesicular stomatitis virus on WISH cells (Li et al.,
2011). The inhibitory effect of rhIFN-® on the virus induced cell
lysis was measured and used for calculating the antiviral activity
of the rhIFN-» samples.

2.10. Pharmacokinetics studies

Twenty-five adult male New Zealand white rabbits weighing
2.3-2.8 kg were used for the pharmacokinetics studies. The study
was randomized but not blinded and involved five groups with five
rabbits in each. The groups were rhIFN-w, IFN-ald-P20K, IFN-ald-
P40K, IFN-mal-P20K, and IFN-mal-P40K. The rhIFN-® samples
(20 pg protein per kg body weight) were injected subcutaneously.

Blood samples were drawn via the ear vein at 0, 0.1, 0.5, 1, 2, 4,
8, 12, 24, 48, 72, 96, 120, 144, 168, 192, 216, 288 and 312 h after
subcutaneous injection of the rhIFN-® samples. The rhIFN-» con-
centrations in plasma were assayed by a human IFN-» ELISA kit
(Bender MedSystems™). Results were expressed as mean val-
ues + SD. Pharmacokinetic parameters, including half-life (t)2),
plasma peak concentration (Cpayx), peak retention time (T,ax), area
under the curve (AUCy_,), and clearance over bioavailability (CF)
were calculated using a PKsolver 2.0 software.

2.11. Statistical analysis

All statistical analyses were performed using GraphPadPrism 5
software (GraphPad Software, San Diego, CA, USA).

3. Results
3.1. Size exclusion chromatography

Under the present experimental conditions, PEGylation of rhl-
FN-m» led to a mixture containing approximately 40-45% mono-
PEGylated rhIFN-m, 5-10% highly PEGylated forms and 45-55%
unPEGylated rhIFN-®. The mono-PEGylated forms were separated
from the mixtures by an SP Sepharose HP column (1.6 cm x 25 cm)
and a Superdex 200 column (2.6 cm x 60 cm).

The purified PEGylated proteins were further analyzed by a
Superdex 200 column (1.0 cm x 30 cm). The P20K-ald mediated
mono-PEGylated rhIFN- (IFN-ald-P20K) and the P20K-mal medi-
ated one (IFN-mal-P20K) were both eluted as symmetric peaks
(Fig. 2a). These elution peaks were left-shifted as compared with
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the one corresponding to rhIFN-w. This indicated that the hydrody-
namic volume of rhIFN-® was increased by PEGylation. IFN-mal-
P20K was eluted slightly earlier than IFN-ald-P20K. This indicated
that IFN-mal-P20K showed higher hydrodynamic volume than
IFN-ald-P20K. The P40K-ald mediated one (IFN-ald-P40K) and the
P40K-mal mediated one (IFN-mal-P40K) were eluted earlier than
IFN-mal-P20K. This indicated that 40 kDa PEG can induce higher
hydrodynamic volume of rhIFN- than 20 kDa PEG.

3.2. SDS-PAGE

The rhIFN-w samples were analyzed by SDS-PAGE (Fig. 2b). rhl-
FN-» showed a single band corresponding to an apparent M,, of
22 kDa (Lane 2). The four PEGylated rhIFN-o samples all showed
a single band, indicating their high purity. IFN-ald-P20K (Lane 3)
and IFN-mal-P20K (Lane 5) both showed a single band correspond-
ing to an apparent M,, of ~60 kDa. Moreover, IFN-ald-P40K (Lane
4) and IFN-mal-P40K (Lane 6) both showed a single band corre-
sponding to an apparent M,, of ~110kDa. The aberrant band
migration of the PEGylated products was due to the conjugated
PEG that can efficiently bind water molecules.

3.3. Characterization of the PEGylation sites

The sites of PEGylation in IFN-ald-P20K and IFN-mal-P20K were
characterized by tryptic peptide mapping. As compared to that of
rhIFN-m, the peak corresponding to the peptide T1 (1-14,
LGCDLPQNHGLLSR) was essentially disappeared for IFN-ald-P20K
(Fig. 3). In contrast, other tryptic peptides of rhIFN-m were essen-
tially intact as compared to rhIFN-. Since Arg'# cannot be modi-
fied by PEG, the N-terminus (i.e., Leu') of rhIFN-o was
specifically PEGylated in IFN-ald-P20K. Similar result was observed
for IFN-ald-P40K (data not shown).

As indicated by the asterisks in Fig. 3, the peaks corresponding
to the peptides T1, T4 (26-33, ISPFLCLK), T17 + 18 (138-152, YSD-
CAWEVVRMEIMK) and T14 (131-134, VYLK) for IFN-mal-P20K
were decreased as compared to that of rhIFN-w. This suggested
that IFN-mal-P20K consisted of at least four positional isomers,
which were mixtures with single PEG chain modified at Leu,
Lys®3, Lys'3* and Lys'>? of rhIFN-m. Similar result was observed
for IFN-mal-P40K (data not shown).

3.4. Circular dichroism

The secondary structure of the rhIFN-®m samples was investi-
gated by CD spectroscopy. As shown in Fig. 4a and b, the far-UV

b
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Fig. 2. Characterization of the rhIFN-w samples. SEC analysis (a) was performed on a Superdex 200 column (1 cm x 30 cm). The column was equilibrated and eluted with
20 mM sodium phosphate (pH 7.4) at a flow rate of 0.5 mL/min. SDS-PAGE analysis (b) was carried out on a 14% Tris-glycine gel. Lane 1, the molecular weight markers; lane
2, thIFN-m; lane 3, IFN-ald-P20K; lane 4, IFN-ald-P40K; lane 5, IFN-mal-P20K; and lane 6, IFN-mal-P40K.
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Fig. 3. Tryptic peptide mapping analysis of the sites of PEGlation. The tryptic
peptides were analyzed using a Proteonavi column (4.6 mm x 250 mm). The peaks
corresponding to the PEGylated peptides were indicated as asterisk. The column
was eluted with 5% acetonitrile containing 0.1% trifluoroacetic acid (TFA) for
15 min, followed by elution with a linear gradient of 5-50% acetonitrile containing
0.1% TFA for 100 min at a flow rate of 0.5 ml/min.

CD spectra (200-260 nm) of rhIFN-w showed a doublet band, indi-
cating the presence of rich a-helix and B-sheet in rhIFN-®. The CD
spectra of the four PEGylated rhIFN-w samples were essentially
superimposed on that of rhIFN-w. This indicated that PEGylation
did not change the overall secondary structure of rhIFN-.

3.5. Sedimentation velocity

As shown in Table 1, PEGylation can dramatically decrease the
sgo,w of rhIFN-w as a function of the conjugated PEG mass. This sug-
gested that PEGylation can dramatically alter the hydrodynamic
behaviors of rhIFN-m. IFN-mal-P20K showed a lower SQO,W than
IFN-ald-P20K, due to the larger hydrodynamic volume of IFN-mal-
P20K. IFN-mal-P40K showed a lower Sy than IFN-ald-P40K, indi-
cating that PEG branching can lead to compact conformation of PEG.

The ratio of frictional coefficient (f/f,) was used to provide
hydrodynamic shape of rhIFN-m. As reflected by the increased
flfor the overall shape of the PEGylated rhIFN-o became highly
asymmetric (Table 1). IFN-ald-P20K showed an f/fy lower than
IFN-mal-P20K. However, the f/f, of IFN-ald-P40K was comparable
to IFN-mal-P40K. Thus, the branched PEG (i.e., two PEG chains
branched at one site) can decrease the molecular shape asymmetry
of the PEGylated rhIFN-o, reflecting a strong steric shielding effect
of the branched PEG on rhIFN-®.

3.6. Surface plasmon resonance

SPR analysis was conducted to investigate the interaction
between the rhIFN-m samples and their receptor (IFNAR2). The
association rate (k,), dissociation rate (kq), and dissociation con-
stant (Kp) were summarized in Table 2. The kq values of the four
PEGylated rhIFN-® samples were slightly increased as compared
with that of rhIFN-m. This indicated that PEGylation slightly
decreased the dissociation of the rhIFN-w/IFNAR2 complex. In con-
trast, PEGylation of rhIFN-m led to a decrease in the k, and an
increase in the Kp. As compared with IFN-ald-P20K, IFN-mal-
P20K showed 1.25-fold increase in the Kp. This was due to that
the N-terminus was far from the receptor binding site of rhIFN-c.
Thus, N-terminal PEGylation can decrease the loss of antiviral
activity of rhIFN-. In addition, IFN-mal-P40K showed 2.47-fold
increase in the Kp as compared with IFN-ald-P40K. This indicated
that the modification sites can determine the interaction between
IFNAR2 and rhIFN- and significantly influence the bioactivity of
the PEGylated rhIFN-m.
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Fig. 4. Circular dichroism analysis of the rhIFN-» samples. The spectra of [FN-ald-
PEG (a) and IFN-mal-PEG (b) were recorded in the range of 200-260 nm.

Table 1

Sedimentation velocity analysis of the rhIFN-w samples.
Sample S flifo”
rhIFN-® 2.17+0.12 1.29
IFN-ald-P20K 1.34+0.05 2.74
IFN-mal-P20K 1.23 £0.05 2.99
[FN-ald-P40K 0.95 +0.05 4.77
IFN-mal-P40K 0.82 £ 0.04 4.74

2 The sedimentation coefficient.
b The ratio of frictional coefficient.

Table 2
Surface plasmon resonance analysis of the rhIFN-m samples.

Sample ka (105 M~ 157 1) kq (1073571 Kp (1079 M)*
rhIFN-® 9.23 4.30 4.7
IFN-ald-P20K 3.16 6.94 22.0
IFN-mal-P20K 2.70 7.40 27.4
IFN-ald-P40K 2.01 6.47 32.2
IFN-mal-P40K 0.73 5.81 79.6

2 The association rate.
b The dissociation rate.
¢ The dissociation constant that is equal to kq/k..

3.7. Antiviral activity

As shown in Table 3, the antiviral activities of the four
PEGylated rhIFN-o samples were lower than that of rhIFN-m.
IFN-mal-P20K showed a lower antiviral activity than IFN-ald-
P20K, consistent with the SPR results. This was due to that some
PEGylated lysine residues in IFN-mal-P20K were proximal to the
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receptor binding sites. Moreover, IFN-mal-P40K showed a much
lower antiviral activity than IFN-ald-P40K. This further confirmed
that the modification sites can significantly influence the antiviral
activity of the PEGylated rhIFN-.

3.8. Pharmacokinetics

As shown in Fig. 5 and Table 4, rhIFN-® was rapidly cleared
from the plasma after administration with a plasma half-life (¢;/3)
of 1.54h. As compared with rhIFN-m, IFN-ald-P20K, IFN-mal-
P20K, IFN-ald-P40K and IFN-mal-P40K showed 26.3-, 27.1-, 90.6-
and 84.7-fold increase in the t;, respectively. The four PEGylated
rhIFN-® samples also displayed 67.0-, 61.0-, 167.0- and 147.7-fold
decrease in the CL. This revealed markedly prolonged serum pres-
ence of rhIFN-® by PEGylation. In addition, IFN-ald-P40K showed
slightly higher t;/, and lower CL than IFN-mal-P40K. rhIFN-® was
absorbed with T« of 0.5 h, followed by rapid decline in serum.
In contrast, IFN-ald-P20K, IFN-mal-P20K, IFN-ald-P40K and IFN-
mal-P40K were more slowly absorbed with Tp,.x of 4.0-8.0 h and
showed an increase in Cy.x. The four PEGylated rhIFN-w samples

Table 3
Antiviral activity of the rhIFN-w samples.

Sample Antiviral activity ¢ (10° IU mg~!) Residual activity (%)
rhIFN-® 83.0 100

IFN-ald-P20K 35.0 42.2
IFN-mal-P20K 22.8 27.5

IFN-ald-P40K 18.0 21.7

IFN-mal-P40K 8.5 10.2

¢ The antiviral activity was assayed according to the cell pathogenic effect (CPE)
of vesicular stomatitis virus (VSV) on WISH cells.
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Fig. 5. Blood clearance of the rhIFN-® samples in New Zealand white rabbits
following a single subcutaneous injection. The measurement was carried out using
ELISA and each sample was measured for three times.

Table 4
Pharmacokinetic parameters of the rhIFN-» samples.

displayed 17.8-, 16.3-, 31.8- and 29.8-fold increase in AUC, respec-
tively. Thus, PEGylation can markedly increase the PK of rhIFN-o
as a function of PEG mass. In addition, the PEGylation site and
PEG structure did not significantly alter the PK properties of rhl-
FN-o.

4. Discussion

The present study focused on development of a long-acting
antiviral agent through PEGylation of rhIFN-m. IFN-o diverged
from IFN-o/f and has biological properties similar to IFN-o/p.
These IFNs have been approved to treat chronic hepatitis B, chronic
hepatitis C and AlDs-related Kaposi’s Sarcoma (Bekisz et al., 2004).
IFN-o was also found as a potent antiviral agent against HIN1
influenza virus, bovine viral diarrhea virus, yellow fever virus
and West Nile virus (Buckwold et al., 2007; Xu et al., 2011). In addi-
tion, the protective response against two emerging arthropod-
borne viral pathogens, dengue virus and chikungunya virus were
largely independent of the type I IFN response (Olagnier et al.,
2014).

PEGylation decreased the antiviral activity of IFN and prolonged
the plasma half-life of IFN. The long in vivo presence of IFN can
compensate the loss in the antiviral activity of IFN. Thus, the PEGy-
lated IFN is currently used as a long-acting antiviral agent to treat
chronic viral disease such as HCV, due to the long treatment period
for chronic viral disease (Zeuzem et al., 2000). Treatment of emerg-
ing viral diseases with the PEGylated rhIFN-® should be of great
interest, although the treatment may be challenged for its low
in vitro antiviral activity.

The large number of hydrogen atoms along the PEG chain
allowed for extensive hydrogen bonding with water molecules,
which can significantly increase the hydrodynamic volume of rhl-
FN-». However, the bulky PEG can sterically shield the receptor
binding sites of rhIFN-® and decrease the antiviral activity of rhl-
FN-m. Moreover, the PEGylation sites were important to maintain
the antiviral activity of rhIFN-®. N-terminus (Leu') was far from
the receptor binding sites of rhIFN-w. In contrast, Lys'** and
Lys'>? were proximal to the receptor binding sites of rhIFN-o.
Thus, IFN-ald-P40K maintained 21.7% of the rhIFN-w antiviral
activity, which was higher than IFN-mal-P40K (10.2%) and PEGA-
SYS that maintained 7% of the IFN-o2a antiviral activity
(Boulestin et al., 2006). PEGylation can significantly improve the
PK of rhIFN-w, as reflected by the t;,, values of IFN-ald-P40K
(139.6 h) and IFN-mal-P40K (130.4 h) that are higher than the
one of PEGASYS (~96 h).

In summary, high PEG mass can efficiently improve the hydro-
dynamic volume and PK of rhIFN-w, whereas it significantly
decreased the antiviral activity of rhIFN-m. N-terminal PEGylation
showed higher ability than the random PEGylation to maintain the
antiviral activity of rhIFN-w. The PEGylation sites determine the
bioactivity of the PEGylated rhIFN-w and the conjugated PEG mass

Sample Cinax * (pgml™") Timax ” (h) ti2 “ (h) CLY (mlh"kg™") AUCo_s12n © (pghml™")
rhIFN-o 32414 0.5 1.54 101.9 30283
IFN-ald-P20K 4468.6 4.0 40.54 1.52 539011
IFN-mal-P20K 3990.5 4.0 41.71 1.67 493139
IFN-ald-P40K 4660.0 4.0 139.6 0.61 963089
IFN-mal-P40K 4402.4 8.0 130.4 0.69 901727

¢ Plasma peak concentration.
Peak retention time.
Elimination half-life.
Clearance over bioavailability.

b
c
d
¢ Area under drug concentration versus time curve.
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determines the PK. Thus, N-terminally PEGylated rhIFN-w with lin-
ear 40 kDa PEG is a potential antiviral agent for long-acting treat-
ment of antiviral disease.
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