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Abstract
Background: Epidermal Growth Factor (EGF) is one of the important growth factors involved in the
epithelialization during cutaneous wound healing. Peptide EGF has been used for the treatment of diabetic
foot ulcer. But the inferiority of cost-effectiveness and the inconvenience of daily application might have
restricted its wide clinical usage. EGF gene therapy could dramatically improve the efficacy and
inconvenience through long-term expression and bypassing the EGF degradation by hostile non-specific
proteinases expressed in the wound bed.

Methods: EGF DNAs were amplified via PCR. For the more effective secretion from the transfected cell, we
inserted furin cleavage site into EGF plasmids. The efficacy of novel plasmid pf-EGF was verified by
transfection into the various animal cell lines, and the biologic potency of expressed EGF was confirmed via
phosphorylation of PI3K and GSK3j by Western blotting.

Results: We tested various kinds of human EGFs. One of the human EGF isoforms, EGF*® including a
membrane-anchoring domain was successfully released as the mature EGF protein in the cell culture media.
Also EGF plasmid including furin cleavage site showed more than 2-fold increased EGF expression compared
with the sequence without furin cleavage site.

Conclusion: In conclusion, these findings suggest that mature EGF could be released easily out of cells by
modifying EGF DNA sequence. Our novel EGF plasmid DNA could markedly increase the efficiency of
non-viral gene therapy for diabetic foot ulcer. (KOREAN DIABETES ] 32:131~140, 2008)
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growth factor (EGF), platelet derived growth factor
(PDGF)I’Z), fibroblast growth factor (FGF)3’4), keratinocyte
growth factor (KGF)*?, transforming growth factor-f

Z.

4=

epidermal

(TGF-p>*?, granulocyte colony stimulating factor (G-
CSF)IO’“), vascular endothelial growth factor (VEGF)IZ’B)
5ol glek

EGF= 1962\ #2] #HAlol|A] 717 XS0 2 HEAE|9l e
™ A&}e] EGF (human EGF: hEGF)& 1975101 £2]=%]
o9 Mature EGFE= 537H2] opn|:=Alo & FAE|o] glo
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23 7162 Folo] DS Hslo] BA) Aol A
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19941  Cytomegalovirus promoter$} human growth

Arron Agell He Sehawls
o2 QA8 HEE FUAD FE
oo o 1E

T

hormone (hGH) secretory signal peptides E£<%] mature
EGF sequence Z2}~1| = DNAE ARE3E 5 A2 52412}

z)2 A3t Buxle] APy, X‘]Z]—EQ‘ Cytomegalovirus
(CMV) promoter Bt} HHF o7 Fgo] o] ZomA] F
FAIESANA Hep FHSIsE 24S 7HR chicken beta
actin promoterS ARE3}3 t}okst human EGF isoformE
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1. MIZE HHQE

Human Embryo Kidney (HEK) 293, NIH3T3, 185
A549 A|*EE Dulbecco’s Modified Eagle Media (DMEM)
(Gibo, CA)°llA], Chinese Hamster Ovary (CHO) A3
F-12 Coon’s modification ¥Z|(Sigma, CA)ell uljeks}) ;J:]-
REAEFES 37T, 95% 8719+ 5% CO, AeiollA 10%
“Feiol EH(Gibeo, CA)elA FAIAIZE,

2. EGF 224

Human EGF DNA+ &2FZtH%t:l Dr. Siu-Yuen Chanol]
AA 715 ol F2J-E 1%ick Human mature EGF &
ghiu|=2 o] 83le] pBEGF P} pfFurin EGF™E,
Human Full length EGFE- o]83}o] pﬁ-EGFSZSJ/]- pB-furin
EGF*#& Z243%}9ir}. Primer sequence™ Table 101 %
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Table 1. Primer sequences used for human EGF Cloning

Primer (5° — 37)

Furin sequence
Mature EGF-Forward
Mature EGF-Reverse
EGF-Forward
EGF-Reverse

ATGCGGGGACGGCGG
CCGAATTCATGCTCACTCTTATC
AAAAGCGGCCGCTCACTGCGTCTCCATTTG
AATAGTGACTCTGAATGTCCCCTG
GCGCAGTTCCCACCACTTCAG

23139tk PCR premix (Invitrogen, CA)E AR8s}o] wA]|
EGF"& 95CollA 1027F WA& A7 3 94°CollA] 30%

WAL, 57CollA] A, 68°CollA S 304012, 68 CollA]

787 B 23t o8 PCR AAHE-S 9131, Furin EGF'™ &
94 CollA] 302 ¥4, 40C 73, 68T &4 ¥ PCR A&
< odolel EGFE 27le] HiLo & o] 93gde). 1. signal
peptide, 2. Mature EGFH-3ol] transmembrane domain¥}
E9ck. WA Full length EGFollA]

7A%hH e} transmembrane domainZ}

cytoplasmic domaing
signal peptide (56
cytoplasmic domain (56°C Z3HE E2lsila WAz} A
< 9] PCR WA =5 Whew 2707 5YshA sisict o]
A Fel@l W PCRAAE thA] mature EGFF WS- A]
7] EGF*3} Furin-EGF™*& wH59)ch

3. pf~-EGF Z2AD|EE 0|26 CHAT DH502| &

it

Z 1—7_}—

ukEol% AAAEES) pBvectorE EcoR 1, Not [ Algk
347 x]2I3t ¥ T4 DNA ligase (Bioneer, Daejeon, Korea)
£ ALgslod 4CollA] 16X7F B2t ligationS- 313c). Ligation
¥l 2| =5 DHS5a (Invitrogen, CA)ol| transformation-S-
42°CollA] 9027+ Hh3- AlZ1 $ 1A17F 37T wiek7ellA] 7]
Ak 3AAZE 23k rFulR|oflA overnight 7 ¥
mini-prep kit (Qiagen, CA)E o]&slo] FekAm| =8 AHA|
slar Eelem| =g ERIsl7] 918l EcoR I, Not I (DCC
-bionet, Gyunggido, Korea) 2.Z A2 1% Agarose gelollA]
Z7194%F & )& SL-20 DNA Image Visualizer (Seoulin
Scientific Co., Ltd.)S o]&3slo] &elslic)

4. In vitro Transfection

6-well plates ARgsto] ZHzbe] A5 WA <] 80% 7t
EE5 wfekslel 2447 Fofl Al P83t =W
transfectionS 57343} c}. transfectionS &}F7] Aol serum
o] uljR]ol] 14|17} lEA1ZIL). Transfection reagent@
Branched-PEI (Sigma, MO)Z A+&513]37 DNA %2 10
ug, DNA/BPEI®] Z712 Nitrogen/Phosphate H]&S 5Z

ol
S
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3l9ick. DNA/BPEI 5345 3087F A-20llA] whe A7
A=zl W 5217 vzt Foll 10% -F-elot Pdo] =
S AR vpe] 1 48417 718 H WA e ol
Hasta A|F= PBSE g Ao} mammalian tissue
lysis/Extraction reagent (Sigma, MO)&- o|-8-s}o] wlniAut

& peligi

5. EGF CM4EIS M2ksl| /3t ELISA A/

EGF wh#3e] ek Quantikine human EGF ELISA kit

(R&D, MN)E AHg3lo] ZA8IcE AEE welld 200
uLE 718E ¥ 2A17F A20lA] uE3- A1 F wash buffer=
3H M3 EGF conjugate 200 uLE YiL 147 Aol
HES- A171t) T wash buffer@ 381 3L substrate solution
200 uLE Y ke Ao wels skl 304 F stop
solution 50 uLE H3L 450 nmellX] FHEE FH3193,
540 nm IAlA 22 BASYE BE AYL Student
t-testZ -FoAS H7ksdck

6. WHlEl EGFo| MSsiE0l gA =5

NIH3T3 AEZS Ahg3lo] EGF thla-3 AZ ujokel 1f
2 ¥ A)7| 3wt El EGF7) E3=o] Q= AlIE vljekel s
Agke] Aol EGF 8471 Hol e A549 AlE
of] X7sto] EAMEESH ¥W3HE Western blot2 & 2Q1s}
At AS49AEE- PBSE $HH AMo]Fal lysis bufferZ &
WANRS- Helal] 4CollA] 12000 rpm o2 1047 A41EE]
£ 3jo] AZoluke Beldl] Wi BCA kit® thidS ek
3k b3 Western blottinge &}k 10% & 12% SDS
pages ARSI A kS 3 welld 30 ugs 293}
9tk PVDF membrane©]] transferE 3+ th2 5% Skim
milk/0.1% TTBS (Tris-base 2.42 g, NaCl 8 g, Tween 20
1 mL)Z blocking= 3k3L 1} antibody, PI3KS} GSK3p
(Cell Signaling, MA)Z 4°CollA] overnight HFE-A]ZIch
Rabbit 2%} antibody (Bio-Rad, CA)= Al-LollA] 147k 1t
SA17]12 AP-conjugated substrate kit (Bio-Rad, CA)E ©]
S3to] A7k
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Alske] oA Wlel] 9= EGF $31A= N ekiE] signal
peptide, prepro-region, mature EGF, ZL2]3L transmembrane
domain¥}  cytoplasmic
domain) &2 o|Fo|#] IrkFig. 1). A3 wie] chid g4
IAollAl EGF whiA-L 827719 olu|izAto g Z3lE|o]
Al greg alswA gl legal 38 A 5370
9] o= AES- 71A]= 6 kDa =7]2] mature EGF g2
o] WFSJAIP*) 28]= 6 kDa2] mature EGFol| 3lds}
= mature EGF (159 bp)2} ©77]ell membrane-anchoring
domaine]| ¥3F5 EGF (828 bp)E uHso] F Zehan|=9)
Ao d-E HaAl sdck B 7=k promoter®] AMEA] &
3| v A3 s o] ERrellAe] 1] Sk S5
371 918l furin cleavage site® YIvKFig. 1B, 1D).
Vector+ in vitro 2! in vivooll4] gl AT E Ho
+ chicken Bactin promoter’} E3FE phvectors ARE-s}
gt 4 FE2YE 3] S8l pBvectore] multi-cloning
sites &3] vectoroll= EANSEA% EGF sequenceoll=
83+ EcoR I3} Not [ AlgtE A4S Helgt & ppvector}
EGF 37F= ligationste] FEkm|=g Felal wick <t
4% Feken EcoR I 3} Not [ AlgFa47 gelslad
thFig. 2).

domain  (membrane-anchoring

o
27

o
— =

Full length EGF

L DL Matue BGR

e

2. EGF CHHZIo|

FEJ% EGF Eelan| =7} vhefsl A|ESollA] W]
=&=A] 21s17] $Js}e] HEK 293, CHO, NIH 3T3 AIEFE
ol 27} transfectiondt the vliR|Q} AEE L3AAH IS
chizlS 2a)sl] Ho] Human EGF ELISA kitE o]-83}o]
EGF WS golelgle). 1 73}, EGF'Y = ghij&o] Al
WollAuk ZAslAut v EGF & Al ollA] ukEo]zl
EGF7} Al vho & vl & e o= QllvkFig. 3). &
2} furin cleavage site?} E3FE EGF™9] 739 F3k=|7]
ok EGF™*Hr} o] e EGF whid g w7 AL
B = 949tk 53] HEK 293 A|EFA= furin site] &
A froll whgl wadgo] 2m BES] XolE HIrKFg.
3A). Wb EGF= EGF %Al membrane-anchoring
domaing 7FA|AL Qlojot AIE whoZ childS wiEs 4

$hom] furin sites AEOIS] WS U1 29 5 ke %
21 & 4 gt
3. B AlZl BGF EiEo] MEsiy Jls

T AJA AE gt E sl EGF whido] A<

childal 22 AESHY 71 7HAE E)Is] Slst
o], EGF7} EGF &9} nht Alo7} sk wf 14kt
o] odgkg ke oAl Al 249 PI3K}F GSK3p9] ¥
3= Western blotting &2 T3P, A549 A|EF=
Human Lung Carcinoma A|¥£F2 EGF 8A7} F}eko
2 wExo] gle] EGF thilAe] 7|55 gotEr]o] 713

827 aa

Prepro Region

A EGF1®®

B. Furin-EGF15¢

C. EGF®?8

D. Furin-EGF®2%

Mature EGF
Furin

I Mature EGF

P29 R970
=~ —

it ser | |

Furin

v

B nce ||

Fig. 1. EGF structures. Original EGF sequence is composed signal peptide, prepro region, mature EGF, transmembrane

159

domain (TM), and cytoplasmic domain (CP). Only mature EGF sequence (EGF ™) (A) and mature EGF included Furin site

159,

(Furin-EGF"®) (B). EGF excluded prepro region in full-length EGF (EGF*®) (C) and EGF828 included Furin site (D).
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EcoRI NotI Bglll (1}
/

EcoRI NotI
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T Sotwercr | -

EcoRI NotI
~

G || o)

EcoR1I NotI
~ e

Chicken Beta Actin Promoter

pBETA-NULL

44700p

Amp' Sall (1302)

‘ SV40 late polyadenylation signal

I II ‘Phage f1 ori

Fig. 2. pf-EGF plasmid cloning. EGFs and pf vector including chicken § actin promoter was cut by EcoR I and Not |

D

4 pfB-vector

4 pfvector « pB-vector « pf-vector

<EGF™®
« Furin-
EGF®

R Furm-

159 159

< EGF

restriction enzyme and ligased with T4 DNA ligase. Completed plasmids re-confirmed by EcoR I and Not I enzymes. pf
-vector size is 4.0 kbp. p#EGF"™ (A) and pf-Furin EGF"™ (B). pf-EGF*?® (C) and pf-Furin EGF** (D).

O Media
B Cell lysate

ﬁjnﬁl TI

EGF ¥ Furm— EGF®®  Furin- [¢ EGF®  Fwin EGF®®  Furin
EGF ¥ EGF 5% EGF1® EGF 8%

C

OMedia 1
50 | mCell Lysate

EGF protein level (pg/mL)
=
EGF protein level (pg/mL)

35

O Media

U @ Cell lysate

25
20
15

10 -

ummﬁi

EGF ¥ Furinn  EGF®%  Furin-
EGF ¥ EGF 838

EGF protein level (pg/mL)

Fig. 3. EGF expression in diverse cell lines. EGF plasmid containing furin site in N-terimal and cytoplasmic domain and
transmembrane domain in C-terminal highly increased released hEGF protein in culture medium in HEK293 cells (A),
CHO cells (B), and NIH3T3 cells (C).
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P, W W g wwte  aplglis WB : B-actin

EGF 0 Z 5 10 15 30  (min)

pY458 PI3K p85/B—actin Density

EGF 0 2 5 10 15

30 min

WD : pY458 PI3K p85

B r e = e e == WP : pS9 GSK3p

P — 'y = " WB : Total GBK3p

EGF 0 2 5 10 15 30 (min)

=3
12

03

0.2

0.1

pS9 GSK3B/total GSK3B Density

0

EGF 0 2 5 10 15 30min

Fig. 4. Biological function of soluble hEGF protein in A549 cell. Cells were treated with 70 pg/mL EGF for a variety
of time prior to extraction. Phosphorylation of GSK3j and PI3K was determined in immunoblot. After treated EGF,

phosphorylation of PI3K (A) was maximum at 2 min and GSK3p (B) was at 15 min.
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EGF 4~84|%= tyrosine kinase S~84o|™] ErbB-1 (EGFR),
ErbB-2 (HER2), ErbB-3 (HER3), ErbB-4 (HER4)Z L1l
th o5 428 el7k=E2% EGF, TGF-alpha, Heparin-binding
EGF, amphiregulin, epigen, neuregulin-1 £o] It}
o]% EGF+= ErbB-1 &xllellit Zlelo] Asdehs 24
3} A7)z 2lgkeolrk EGFE & 8297119 opuieil of]
2] I4E Foll 5370 ohrliiHmature EGF)RF] 4134 ol
odekS 4] =k 28vkal mature EGF sequence®to] Q.
3 Z1& olc}. Harol| w2 full-length EGF sequence “Zoll
membrane-anchoring domaine| EASEA] ¢k&- 73-9-olli= EGF
7} AlE yho & uiEs]R] ehgol FxgEle] ek, mE3) 2000
Joll EGF 39 membrane-anchoring domaino] o}l
HB-EGF®2] membrane-anchoring domaing 295 73-$-l|
+ EGF7} plasma membrane®] ©Pd nuclear membrane©l]
Akl Byl bl Qe B Aol A% EGF159+% Al
E YlollAuk wkedo] == Wb EGF "4t A% Yho& EGF
o] wiZElE e & U=l o] membrane
-anchoring domain®] EGF ©H&€] plasma membrane 2
2 olgdol Qo] Egg FoEA AE yroR miEHel
- FQ93k ATg A Y55 RIS F Uk EGF
7} AE vho g g o] 593} o]+ autocrine/
paracrine 2 24 217] AHAo] ohle) o] ek Ao}
A G Fol 2 BIE U YW F 7| wlireltk

Furin< Arg-X-Lys-Arg sequenceS 7FA"™ autocatalytic
cleavage”} T ShisiA] 282 slo] LFAollx o] thid
AL Zo] 20 a4 $-el= EGF159, EGF8280l|
furin cleavage siteS T F7kslo] g2 W3ls P
Hokek 1 A} furin site7} E3EA] Fehm| et

[e5

e
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uid Exefol sl B3dte] Sk X 58 whds S
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ATHIY: EGFv= I3 8ol S84, #o] o=
e B e FAAeIA R v A o2 EGF
SAle] &Aool HolA gl FxrziAlelAle Eule] A
e frisle] IRAAES FANNATE Fo3 A%
Q1zto|ct. dA =] QI Peptide EGFE WAl &
SRk XX gl F-831A] ARgsla QAR 7HEo] mifg-
HlAkaL x| gell glo] AEAdo] HolXle) wgl v =
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