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Sustained Release of PEGylated G-CSF from PLGA Microsphere
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To improve in vitro release kinetic of G-CSF in PLGA microsphere, G-CSF was PEGylated with methoxy polyethylene
glycol-aldehyde (mPEG-aldehyde, MW 5000). The majority of G-CSF was mono-PEGylated and it was characterized using
SDS-PAGE, HPLC, and peptide mapping. The PLGA microencapsulation with the native, or PEGylated G-CSF was performed
using W/O/W method, where the encapsulation efficiency was high. For the high loading of G-CSF to microsphere, G-CSF
and PEGylated G-CSF were concentrated and then verified the protein stability using native gel and gel filtration
chromatography. in comparison with native G-CSF, PEGylated G-CSF was released during the extended period and its

maximum amount of released G-CSF was also increased.

Key Words : G-CSF, PEGylation, PLGA microencapsulation, Sustained release

M E

Aol W AA MEFF AR

= 7]’3 BTAHoR ——7}0% ZHoltt. B A7 7Y ©
WlZ¢] granulocyte colony stimulating factor (G-CSF)= ¢t

BzARAZA H%aY ¥ 4AY 4 YT EFF AX
(neutrophil)&] Z4JA}elti(1). G-CSF= < 4d7F Azt 3
F o 109 B9 A7t BoET e A 100 A2
F 29 seA @4 4t 43HeR 485 Agee

Loz Hy} vy 9ok 1) G-CSF7} X280z Qo
Fo HAs HH, w7 7b 3547 AER W &3, 22
e oF 2-3573 WY Fof sfiof sl= TAF0l den ofd
g AA7 %%5 avhw 2elA Qo). ol BAA
o aa87] S5l G-CSE AA @ okE A AA &
TFEHIL dew, A "5 Ao AR AmgenofHE A
) G-CSF A|A 24 G-CSFel| polyethylene glycol (PEG)-S &
of AUejxe] wk7l7]|2 271471 PEGylated G-CSFE 7
el A2 F71E 9338 Aow @A i34 FETE

e AL S5 % 9N Y Aels A E A

*Corresponding Author : Mogam Biotechnology Research Institute,
341 Pojung-Ri, Koosung-Eup, Yongin, Kyonggi-Do 449910, Korea
Tel : +82-31-260-9845, Fax : +82-31-260-9808

E-mail : khjung@greencross.com

33

ol g2 1T W 993 2 Aeol= A5 NE
Z7hs o] WEAHOZ AHEE 4 U r&% 3 el
= GgAS) GBAY AAL Age 3 AL 1 F
o A puezA Gl slos ouﬂoﬂ 2o 31
#A} poly-lactide-co- glycolide (PLGA)E €A|Z 3}z 3 A
o FAR okEo] MA3F WEHE °%X4€r AA7L s
ATHIL ATHG-).

PLGA HIHTE 8% *& W& 713
1 Az Y Folu HE A w0
Mol WEH o] MZ FHAM W&o o|Fo AA e A
oJthO-11). o]& W] Fid wHAE tEA Usy=
SAoltt. G-CSFe| A+ 7 pHolM ez 23 9%
o] &4t o|& #As}r] Hste] PEGE HIAIE AL
TFxHeE F8d FHdA genE F/HLEAN o
2o AFII 719 e HAETHI2) E d7elA
+ PEGylation®.Z G-CSFe] oHAA4d-e 13 T AERA
ZFPA PLGAE ©l8d HHT ¥A WHS ol8sel
G-CSFe] A4 AAE AEstarzt stgio

o gl

=

)

=
-CSF= B AZA\X 23 Escherichia.colis
BAE B3 FF

ol &g
3} TH13). Methoxy-polyethylene

B 0 2

2
ek



34

glycol- aldehydex= ¥-A}Fo] 50002 F Flukao|A 13t}
PLGA polymer+ monomer H]-8-¢] 50:501 Boehringer Ingelheim
(RG503, MW 38,000, Germany)Z AM&-3}5ith Oil phase A}&
3} methylene chloride analytical gradeZ Aldrich#]F& A&
Ak 1 9 UE AL Sigma-Aldrich AEO & AHLEH
pri=g

G-CSF9| PEGylation

10 mM sodium acetate buffer (pH 4.0)o] R.&#¥ G-CSF,
22,55 mg2 A3E 331 mPEG-aldehydeE & HIE 8u] =
7Fsle] pH 5.0, 4C2 5o HAAFY AFE-E reductive
agent®] NaCNBH;+= linker2 AH8-% mPEG-aldehyde & H]9]
108 T FHrYebe] 24A12F WhGAIHTH3). mPEGylated G-CSF
£ HiLoad 16/10 SP-Sepharose HP columng ©]-&3le] g
[55 4=

Polyacrylamide gel electrophoresis

G-CSF 2 PEGylated G-CSF2| 54 ¥4& 93l SDS-
PAGE¢} native gel2 o]83t4c} Gel2 Z5%F NovexolA| +
Q13 4-20% gradient pre-casting gelS A3 AEe
20 mL9| ¥3% loading3}5.em™ 120 VoA 2417 <t o)
£ N4tk S $AE Sambrook et al.(1989) & with14).

Gel filtration chromatography

Column & Tosoh TSK gel G2000SWXL (Japan)2 AR&3}
921 mobile phasex 20 mM Tris (pH 7.2), 150 mM NaCl
2 AHEEYET $2& 10 mUmng wAEC. HPLCE
Gilson system& AME3}¥ 1 A5+ IA3A 20 yL loading
skt

Peptide mapping

0.25 mg G-CSF¢} 0.43 mg mono-PEGylated G-CSFE urea
(8M) F=&9, 100 yLo| ¥AMAZ1 &, ok 10%3} sonicationd}
9tk 7 %, TrisHCl (1 M pH 85), 10 4L} TrisHCl (10 mM
pH 8.5), 10 yLol| EndoLys C (Boehringer Mannheim, Germany)
25 yge =2 3, 2R A4 23S 200 L3 D2
o] gdg TAIRE T AA&olA HAFA o] F 100 mM
DTT, 4 yLE #718ka, thA] jodoacetic acid (100 mM) 22.77 1L
g A7t F, 60°CollA 1A B3t st e o
Al A3 & 5 gHS Z}7t Vydac C4 protein columnr ©]

43l HPLCE 43Rt

Microencapsulation

WYt 4 WHE WOoW o2 Kim F9 WS
AFA A, AA% ©Ae 23 2ok GCSF7h e
484 (sodium acetate buffer pH 4.0 =& 0.04% tween 80
3} 5%(wfv) sorbitole] ¥3HE sodium acetate buffer) 100 yL
£ #H]3}31 2 mLo] methylene chloride$} 0.6 mL2] acetone
9] oil’dol] 100 mge] PLGAE =tk €9 7 &4& #-e
& sonication3}4tk o|ZA AAE emulsionS 30 mL] 5%(w/v)
polyvinylalchol (Sigma)e] I §Hel S~8dog 274 homogenizer
(Silverson, model L4RT)Z 7000 rpm, 18 F<F 22} emulsion
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Figure 1. Chromatography for the purification of PEGylated G-CSF.
A, PEGylated G-CSG; B, native G-CSF; C, A+B.
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G-CSF9| PEGylation 4! A

FH$£AHo g WgAlZl PEGylated G-CSFZ Hiload 16/10
SP- Separose HP column-g o]&3sle] B3t 3431490
O FA A, B, C 39 BFE A& 4+ dglen(Figure 1)
2+7}8- SDS- PAGEZ 2438 A7} lane 44 PEG7} 3t 7))
22 mono- PEGylated G-CSFE & 4 JtHFigure 2).
PEGylation &£ #hed £ A 2 BE3-S chromatogram3}
SDS-PAGEA}ol|l X ®B&g Hlwg A3 PEGylation ¥HEAE
£ o 50% F Atk ¥k 7B Fo|A PEGylation E-&
o 71 9%FS vlA+ <A< mPEG-aldehyde &%} pH
oltt. pHE £EFE ¥ FFL FolAY &Y whEo|
Jou}y] 7] wj¥ol| mono- PEGylation ¥&¥ G-CSF9] ul&
o] "Wolv] pHE WFH RI A4S 4% & do "
A HkE BagS ATV AsiME pHY 22 ¥ =4
& HAg e A7 o o 3o AlRHC:

3 2% mono-PEGylatd G-CSFZ EndoLys C Peptidase
£ o3t vBhe-A7) & reverse phase chromatographyE %5
3] peptide mappingS HAISHATH 2 A ¥ Az 59
peptide #{®o] TEA Jegewn G-CSF7t Ag#Ho=
PEGylated & ThA] 3b E131 % ch(Figure 3).
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Figure 2. SDS-PAGE of fraction A, B, and C in Fig.l. Lane 1, 7,
MW size marker; lane 2, G-CSF standard; lane 3, reaction mixture
before separation; lane 4, fraction A; lane 5, fraction B; lane 6,
fraction C.
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Figure 3. Peptide mapping using EndoLys C for the native G-CSF
and PEGylated G-CSF. (a) Native G-CSF. (b) PEGylated G-CSF.
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Table 1. Effect of aqueous volume ratio and acetone proportion in
organic phase on encapsulation efficiency using BSA (10 mg/mL in PBS).

Batch Aqueous v.olume ratio to Acetone encaps.ulation
o, organic solvent %) efficiency
Wr0) (%)
1 1:4 0 ~0
1:10 0 19.5
3 1:20 30 ~100

Table 2. PLGA encapsulation of G-CSF and PEGylated G-CSF
with low concentration.

Encapsulation
Sample Additives efficiency

(%)

500 yg/mL of G-SCF 5% sorbitol, 66
0.04% Tween 20

1.78 mg/mL of G-CSF 5% sorbitol, 47
0.04% Tween 20

430 ugmL of mone 96

PEGylated G-SCF
430 pg/mL of 5% sorbitol, 67

PEGylated G-CSF 0.04% Tween 20

serum albuming ©]-&8te] AASATE o] A FoAA K
7)guje] F-3(O)ol w3t internal aqueous phase F-T|(W))e]
Hgo] duld BYgd vixe d&ol 714 Zitk Table 1
oA HE ule} o] internal aqueous phase®] H-I7} #7]
guje] R HF WE4E =2 FYES dERdith
Table 19] 39 2Hoz F& Fr9] G-CSF PEGylated
G-CSFE PLGAE microencapsulationd}$ch. 2 Z3} Table 2
ANA B viel Zo] BE AR QlojA HiE 0% FF
2I&s Hgoemw E3] HrEA §le] sodium phosphate
buffers] =91 PEGylated G-CSF9] 7% 96%< 29]&< H
-

==& G-CSF 2! PEGylated G-CSF2| QHEA =A}

PLGA v©]g7o] G-CSF2] loading <& E7] 98l
G-CSF$} PEGylated G-CSFE 4~8 mg/mLZ %3 ke &
A 138 o] K-Z native gel#} gel filtration chromatography 2
golslect. 2 A3 gel filtration?] 3¢ @Y peakE H Y
J(Figure 4) native gel FollXe SIFEo] Fele @] U
EbA|RE lane 49] W& Fxe] Aee oY WMEE Bk
(Figure 5). wjebA| 5% ¥ dimerdd T3 22 G-CSFY
B4 ML dojubr] FsheS IIEHE oS A A
719] 2722 PLGAZ encapsulationd}$1.0™ &2 714
7} e ZAA 70%-e JEMUT (Table 3).

=5 G-CSF 2 PEGylated G-CSF2| PLGA 0|29 in

vitro 2= test

CSF2) in vitro W& AFS ZASH] Yt pH 7.29
PBS buffero] W& 71%% G-CSF 2 PEGylated G-CSF7} %2
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Figure 4. Gel filtration chromatography for the concentrated G-CSF
and PEGylated G-CSF. (a) Native G-CSF. (b) PEGylated G-CSF.
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Figure 5. Native gel electrophoresis for the concentrated G-CSF and
PEGylated G-CSF. Lane 1, G-CSF 500 pg/mlL; lane 2, G-CSF, 647 pg/mL;
lane 3, G-CSF, 8.78 mg/mL; lane 4, PEGylated G-CSF, 430 pg/mL;
lane 5, PEGylated G-CSF, 4.86 mg/mL; lane 6, G-CSF, 8.60 mg/mL.

50

30

—&— G-CSF with additives
—O— PEGylated G-CSF without additives
20 4 —w— PEGylated G-CSF with additives

Release of G-CSF or PEGylated G-CSF (%)

0 T T T
0 5 10 15 20

Days
Figure 6. In vitro release kinetics of G-CSF and PEGylated G-CSF
from PLGA microsphere. Additives contained 5% sorbitol and 0.04%
tween 20 as a stabilizer in the aqueous phase (Wy).
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Table 3. Encapsulation of concentrated G-SCF and PEGylated G-CSF with PLGA.

Sample Concentration (mg/mL) Additives Encapsulaion efficiency (%)
G-CSF 8.78 5% sorbitol, 0.04%, tween 20 100

PEGylated G-CSF 8.60 None 50.6

PEGylated G-CSF 4.86 5%, sorbitol, 0.04% tween 20 76.9
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G-CSFZ %<%]317] Y8t AAte]l G-CSF 2 PEGylated G-CSF
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