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Chlorella is rich in chlorella growth factor (CGF). A review of the literature has described that CGF improves the
capability of a Thl-based immunity, anticancer, antioxidant, antibacterial activity, growth promotion, wound healing
and so on, but has not studied the effect for the metabolism and the proliferation of human skin keratinocyte. The aim of
this study was to examine the effect of metabolism and the proliferation of human skin keratinocyte in vitro. CGF was
extracted with an autoclaving method which is a modified hot-water extraction method from dried chlorella and
confirmed by means of absorbance 0.22 at 260 nm. We have measured the extracellular acidification rate (ECAR) of the
CGF by Cytosensor® Microphysiometer and evaluated responsiveness depending upon the dosage on the HaCaT cell.
The ECAR for the concentrations of 0.15, 1.5, 15, 150 pg/ml of CGF increased as a 103.6, 128.2, 149.0 and 423.9%,
respectively compared to control (0.0 pg/ml, 100% ECAR). The ECAR for ErbBl1 tyrosine kinase inhibited by
4-anilinoquinazolines, C;¢H,,BrN;0, - HCI on the HaCaT cells with the amounts of 10 pug/ml of the CGF compared
with 100 ng/ml of rhEGF. The conclusion of the study is that CGF might increase human epidermal keratinocyte
proliferation through the interaction between the epidermal growth factor receptor and itself.

Key Words: Chlorella growth factor (CGF), Human epidermal keratinocyte, HaCaT cell, Epidermal growth factor
receptor (EGFR), Proliferation, Cytosensor® Microphysiometer
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1. Chlorella growth factor =&

CGFE= 712 chiorellaZ ¥3)3F & chlorellad] 30| 10%

(wiv)7} S| == pH 7.4 PBSE #A7}8 autoclave (Auto Clave
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KMC-1221, Vision Scientific Co., Ltd., Korea)ol| 4] 121, 20%
T 32519 el A EeFEE v 3600 g, 4C, 60% F
QF ARG A5 AL Lo UV-visible spectrophotometerS
o] &3ted 260 nmoll A FHE7} 02288 &3 F ol g3}
Ak

2. HaCaT cells HHQF

HaCaT cells (transformed human keratinocyte cell line)}2 Dr. N.
Fusening (German cancer research center) X #H33F u< (A&
olthE He] ¥ wton, 10% fetal bovine serum (Gibeo,
USA), 100 U/mi peniciltin (Gibco, USA), 100 pg/mi streptomycin
(Gibeo, USA)©] H7HEl DMEM (Gibeo, USA)S WX &2 o]4-8}
&} 5% CO,, 37°Coll A} ulj &} oo,

3. CGF sX%8 MEs 5%

HaCaT cell< 6 well culture plate (Costar, USA)®! 510 cells/
well 2 inoculation 3+31 37°C, 5% CO, 227104 24413+ B4k
inoculation$ ¥ complete media®ll CGFE 2tz 0, 0.015, 0.15,
1.5, 15, 150 pg/ml %7t H=5 ZA8) 2 well & 3.0 ml 4
#H7Fete 37T, 5% CO,, 48 52t inoculation & hematocytorme-
ter (Improved Neubauer, BRAND, USA)E ¢} %8l L4 E
Alakalrd e,

4. Extracellular acidification rate &%

Cytosensor® Microphysiometer (Molecular Device, USA)-S- cell
capsule (capsule cup, Molecular Device, USA)o 3x10° cells/ml
HaCaT cellsS inoculation A1Z) 2™, running buffer 2= 4 M Na
Clo] 11.1 ml1 #7}€ bicarbonate free DMEM (Gibco, USA) Bl
215 o] &3} Extracellular acidification rate ()5} ECAR)
E4 & electrode= 2 M KCl (Molecular Device, USA)E. 3
A17] 11, sensor chamber:= 37°C, debubblers 46 C =2 A 43519
c}. & pump cycled 2802 594 09 slop measurement Al
& 30x2 35

Pump speed = 100 pl/min (pump speed 50%) 2= 31310 ™,
fluid schedule<> interval start 20, interval duration 105892 A

Ashdc) .
5. s%H ECAR &7

Z} chamber 3 45 ml2] running buffers F-2Hg & 208 7)
running media ‘3ol 4} ECARE £ 8lo] base line2 24
¥ CGFE 0.15,1.5,15,150 pgmi2} F2 2 g)shoick

lo

6. EGFR tyrosine kinase inhibitor 2] & CGFO| CH&t
ECAR

Z7) 403} base lines 4T F 150 pgml2) CGFE 5

o8f 1037+ ECARS 4319131, ThA] 20%-7F running buffer
E basal metabolisme +*] % % 25 pM PD153035 hydrochlo-
ride (4-anilinoquinazolines, C,sH 4BrN;0, - HCI, Tocris Cookson,
Bristol, UK)& A ela}3l e, A£38]4 150 pgml] CGFE &
o8} ECARE 543 ¥ thA] ruming bufferg &3 F:3Uch

7. EGFR tyrosine kinase inhibitor 2! & CGF&} rh
EGFS| ECAR H|w

3%10° cells/ml HaCaT cellsg inoculationdt 5 712] chamber
£ running buffer 3}l 4] 207 ECARS 543} base line
£ AA3E F 25 pM PD153035 hydrochloride® 205874 §H-&-A]
7131, A&elA] 150 ug/ml®) CGFF 100 ng/ml thEGF (Promega,
USAYE 47} 1033 M85t ECARS 54 % & THA] run-

ning buffers & Fch
Z 2t
1. 558 MEgs =3

5310 cells/well®) HaCaT celle]l CGFE 742} 0015, 0.15, 1.5
15, 150 ug/ml A F NEFE At A2 2FL 66
x10° cellswell ©]R1 32, 0.015, 0.15, 1.5, 15, 150 pg/ml A&
AL ZH2F 8.1x10° 1.03x10°, 1.14X10° 8.5X10°, 2.1X10°
cellywell £t 2o vigh W& 2 242} 1227, 156.0, 172.7,
1288, 31.8%2 YEL} CGF 557} 1.5 ugml 7)1 A|E4:
7} Trbehe FEYEAN AEFAES vEHiRley, 2 o)
39 FmoAME ATE & 4 AY (Fig 1).

2. 5E% ECAR &3

CGFE FA31x] &2 229 ECARE 100%E A A g
F CGF Fofg vlws] & A7 0.15, 1.5, 15, 150 pgmlS
Foigk ol Aj9] ECARS ZH2} 103.6, 128.2, 149.0, 423 9% &
S7Vee Rtk (Fig 2).

3. EGFR tyrosine kinase inhibitor 2| & CGFolj cjt
ECAR

403k cell& A 71 H A base lineS HATF F 150
pg/mle) CGFE %% A3} 423.9%712] ECARo] Z7Vshel
29, thA| running buffer& &2 914 o basal metabolism
FElg Bt 2087 basal metabolismS 3] 8 & 25 pM
PD153035 hydrochloride& 20% <t A ag Axt <k 75%7}
2] ECARo| BojH 1, AA&sla] 150 pgmle] CGFE 1083
Fo3191 g woll = ECARE 5% oluUj9] F7H&g Ko,
A running buffer® &2] 31 o basal metabolisme 315

sHTH (Fig 3).
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Fig. 1. Increased of HaCaT cells depend upon the concentration
of the CGF. Bar: the number of cell count.
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Fig. 2. Extracellular acidification rate of the HaCaT cells in res-
ponse to concentration of CGF on Cytosensor® Microphysiometer.
The peak value of acidification rate (% basal) following a 10 min
perfusion of the ligands is plotted against the different concentra-
tion ranging from 0.15 to 150 pg/ml of CGF.

4. EGFR tyrosine kinase inhibitor 2|
EGFQ| ECAR H|1

% CGF% rh

2047 cell 2 9HA 34 7)HA] base lineS A& % 25 pM
PD153035 hydrochloride: 2]t A} base lineol] B]3}e] EC-
ARo©] Z+2Z} 75, 200%71A] 748 ¢148)ke] 150 pg/ml2]
CGF9} 100 ng/ml thEGFE & Az} ECAR— Zvz} 5, 50%2)
Z714& 5929, THA] running bufferE 2 & o ba-

sal metabolism2- ¥]E-81Th (Fig 4).
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Fig. 3. Differential cellular metabolism between EGFR unin-
hibited and inhibited HaCaT cells with 25 pM PD153035 of the

CGF. RB: running buffer, CGF: chlorella growth factor 150 pg/
ml, PD153035: ErbB1 tyrosine kinase inhibitor.
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Fig. 4. Metabolic responses for the CGF and rhEGF on the
HaCaT cells which inhibited ErbB1 tyrosine kinase by PD153035
hydrochloride. RB: running buffer, PD153035: ErbB1 tyrosine

kinase inhibitor, CGF: chlorella growth factor 150 pg/ml, thEGF:
recombinant human epidermal growth factor 100 ng/ml.

receptor—hgand ‘3_%% u ¥ Skl EGFR family:=
rosine kinase activityE 2F= 170 kDa2} transmembrane receptor
2, fralet #2E Z© ErbBI, ErbB2, ErbB3, ErbB4E 74
go] 9l o™, extracellular ligand binding domain (23 amino acid),
cytoplasmic catalytic domain (542 amino acid)2 & FA > )
o} 3 Fo| M EGF9 signalingoll #olsh= AL ErbBI ty-
rosine kinase 2 extracellular domain® ligand”} 2% 389 recep-

intrinsic ty-

tor2] dimerization®] ¥} cytoplasmic domain©] tyrosine ki-
nase activityZ 7}A] Al =32, target T A 9} tyrosine 717}
Qlakats]o] postreceptor signalingo] YoAubAl =, postrecep-
tor signaling 3}l A H™ Na’, K, Ca®*, Mg®" o]-2¢] ¥3}s}
g ol2 Q18] intracellular pH F27} HEH Sl
AEE B4 25 48] membrane bound sodium-hydro-
gen exchanger (Na'/H' antipor)E- F3lo] H' o}2& Alxe|=
5644 Dol Cytosensor® Microphysiometeres o] 2 4] 1

ZH Fiol9] ¥k HEl& S ligand addressable potentiome-
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tric sensor (©]3} LAPS)E ©o]-&-3 42 &M HaCaT cellol
t gk CGF, thEGF, EGFR inhibitor2] ¥ %*6]% VFER QTP
0212329)

B 4glof] 94 Cytosensor® Microphysiometer 4}ollA} Ale
A Mol ek thEGFY] HAuH 2710& Gy $
O ANE AP 2o A AAREYAE
HaCaT cell®] in vitro B} %283} Cytosensor® Microphysiometer
gollre] wxdl AFdEE AAE A1t in vio WS E
o] A4 15 pgmt CGFE A2 P& Q7R A X7} ol
2l F7HE BYO, 15 pgml o]de] FEolAE AE57L
ad AE L AU ool Bl Cytosensor® Microphy-
siometer 4Fe] FEE AAAFol M= thEF2] ECAR 100%
o} Blwale] 0.15, 1.5, 15 pg/mi CGF H 2ol 4] 242+ 103.6,
1282, 149.0%2 &gk S7H8 Eo|thrl, 150 pg/ml A 2]ol)A]
423.9%% F4F F7HrS YERIATE In vito B¢ E
Cytosensor® MicrophysiometerE ©] &% 558 ECAR 44
9l 15, 150 pg/ml oA Aolgh w33 B AL in vi-
tro Bi Aol 49 Fke] A7z vkl
Microphysiometer& o] 83 3¢ 10872} &7zt 2150
gk wEg-oln, in vitro WlYAERLS %_‘Z} AT EFE

T AEdirt
o tjgt ECARS A3 Aiets HolA of7]d & e
zfo]Holela Azt ) o]& Z3 CGF7} 1.5 pg/ml ©]3}9]
TR e @717 FojA ARAAFIAEE A5 5
FoAl 0818 47 - T4 A a9E e
e ok 4= 9loirh G Cytosensor® Microhysiometer®] 150
pg/ml A2lol|A 423.9%F FAEE ECAR $71H&S 1B AL
Sairlo] 9]F SAJ ALY APyt A4 ukdE Zlojgtn

N

DA, A1

A zr=
£79) tlab R $4e ZAPYATE 0 R ARG
A, 90 AREAE, GAFel HHT, BUAE ol

Pu)ahs

=

cytokme*% X3t ZFE growth factorsEol 9 &
Aol Byt 2 wdA] FA, A HEe] olFd Mg,
YEABEE AL T Fol A% EGFE in vivo, in vi-
trooll A 25 ZFA A A X (keratinocyte) 2} A3 A 3. (fibro-
blast)®] FAHEE S F2AA EHMEL] F4& F
Ragm QrptBO B Ao CGFe) AvoR &
A FEAREZ, AAFESFR, A985 Fo ]
T FAREchE Aol abete]l CGF7F 4 B A A E oA
EGF9} 21814 EGFRS Z3to] ¥-3-a Flolats 1A sl
o]lZ #A&}7] Y3l Cytosensor® Microphysiometer 4ol A]
HaCaT cell2] EGFRO thgt CGF9] ®H-3-& thEGF2} ] g4
2bs] B gkl
EGFR inhibitorE *€]3}7] & - §-2] HaCaT celio]l th3t C-
GFe} WH-&-& nisl] & Z3) EbBI tyrosine kinase2] inhibitor

K
&
o
R

€1 PD153035 hydrochloride (4-anilinoquinazolines, CiHBrN;O;
- HCNH 9] effective concentration 50 ©]&} (ECs) €% 25 pME
A2)5}7] A HaCaT cello] H& 150 pgmi CGFE] WH3EL
base lineoll B8 21 336.02% S715F31 oW PD153035 2l
F 59 F59 CGFol i3t ECAR F7HE2 3.98%E et
Ul PD153035 hydrochloride 2] ¥ CGF7} A|3EREG-S 79
B 2 4 & YAk

T30 2 thEGF9} CGFY ®H&-& wlaslr] $1&l] PD153035
hydrochloride 2 HaCaT cell®] EGFR2 blockingdt ¥ CGF9}
rthEGF] ECARS #1531tk 2 A7} 100% basal metabolism
1} v 3] PD153035 hydrochlorideZ A28+ 3 CGF Al
& 2838%, thEGF A& -91.05%% ECARO©] basal metabo-
lism ol5}2 Wolx] WA= A& HHOL 1 WS 3
Bo] fAIEHS & F I,

£ 298 %3 running buffer 3719 basal metabolism “JEl
oA cell®] ECARE base lineo. 2 47}+41-& @ EGFR inhibi-
tor2 & # PD153035 hydrochlorideE * 2] %t 74-9- ECAR®]
base line 2.0} Eol3& &1 = 93131, EGFROI 2]3] A
Fidgehar 23l thEGFE A 2|3t 73-% ECARY
F718 Bolvh & 2¥olA CGFE Aelgk 7% EGFS} vizh
7 & ECAR 3718 B3lvhke A& CGF7h B3 A LA
ZAANZ o AL 4E] FAh o2 2 PDI53035 hydro-
chloride®] 93} ECAR tyrosine kinase activity?} QA% 23 E)
ol A thEGF9} CGF9] REgo] fAKGE el oz Yo & o]
#2150 CGF7}F EGF9F rE7HA| 2 Al A /0 Al ol A
ECARY] ligand® 283 Aolgl= 71AE ke $90
o, ligand-receptor RF-5-& f'#8k= CGFe] #2727} EGF
2 EGF family®} homologys WENE 715418 Rol T8

AlFR AP E 283k EGFE 199 AfEAE
oA Ao Fujg BEH|HH, 71X % (basal layer)e] ZH2
P M Eol A EGF7} EGFRO| 28318 transforming growth
factor-oe (©] 8} TGF-ot), amphiregulin (©)3} AR), heparin binding-
EGF (©]3} HB-EGF), epiregulin®} #2 EGF-like growth factor
©] mRNA expressions 57 A AP L2578 olg
factorsE-2] £8]7} FX =3, EGFE ¥%3F EGF-like growth
factorsE-2 TFA] ZPA A M| SE EGFROY autocrine 2 juxtacrine
modeE &35l ZH&-3l] G, phase?] 2+ HEE S phase=
Eo7HA oz AP T FAE FIAI .
gt olu} G/S progression 59+ EGF9} EGFRE] Hdo] &
7bto] 1 Whg-S % FSA B,

u2bx & AgolA CGF7h EGFS} At diElel w4
& B9 AL CGF= EGFAH Z-a A Al Z 2] autocrine, jux-
tacrine growth factor$! TGF-a,, AR, HB-EGF, epiregulin®] induc-
tiong FrErozN ZAAPYA T Al & F2ol FFS

"2 7Pl AgE AR,

[e]
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