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Frpe (humic acid) #.3% &3tk B ¥ chi s B & 4 (polymers of phenolic
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5 €9 B 1t 421 & A & = [f £ initiation, promotion, progression * fm ¥
B is e § 3 e EAI2Z G o d i 2 frdy die e transformation A 4 §
dmre kR i B M 4 R TR %L PR ¢ F @R anchorage independent
growth » |4 tumor promoter :TPA ¥ & = JB6(+) cell m*z # 2 :x % 2 i8iE cell
migration » i#:& anchorage independent growth - ;= ~# 3 f1* - JB6(+) cell line
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T P R AP T % IBOHme p g d A(ROS)Z £ 0 x EJILiE
FAEfk 2. IB6(+)m%e € 3 5 ‘¥z b oXidative status » ¥ #x 3¢ fn¥e A5 ik 2 migration
A, AREDHZEEX T FRYE €3 2wz g% (148 anchorage independent
growth » F]pt FHEa& £ § tumor promotion 2 ic 4 > ¥ ¢ & 4 F S M L &
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(- ) JrEpe (Humic acid; HA) & i 4 2
¥ P~if ¥ 2 humic acid (Aldrich) # %4 ** 1IN NaOH (indd H,O) - PH=10,3%
AR E 23/ B 72 RS > 40~ INHCI (inddH0) » 3 PH 7
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(A) JB6(+) ' 4 ¥ (IB6clonedl cell)z 2 %

JB6 (+):m®s g~ post-initiated mouse epiderma cell line {x% * ** tumor
promotion 2.7 7 < #-JB6 (+)m* 3 % 3t 5% FBS2 MEM (p 7 100U/ml
penicillin;100 ¢ g/ml streptomycin; 2 mM L-glutamine)en & 55 ¢ » ¥ % 37
T 5% CO, x4a® 4% > £ikis PBSwash 2 =t > 4ev 1 ml
trpsin-EDTA » #-fmre 3= » = 4 2 10ml MEM 2z » 15 ml &g ¢ s
2 i o £ 4cirmedium £ 3T & o

(B) #7;ie™* #%

95 Mondal % 4 2 = ;2 (Ref), #8412 200 # JB6 ‘w*# »t 60 mmdish,3z % 24
his4e » & f3E%E 1 % 124 » 37 medium & ¥ 3% 5 =t medium 3 % 6-8 it
e U F L1 5 % Giemsa % ¢ 30 4 4B, B ST LA 3 mm 2
foci % ¢ #i4 = typell % typelll 3+ % foci #<p .

(C) ¥z *k A 2_ 1d i

Helm e IR L, AS03 2 e PR R A F 48 18 {01 PBSwash & =t 8 £ 1

%3 % {5 trypsin-EDTA #-m% d 2 % = trypsinize T % »* PBS i#iki{s >

2 DAPI % +%, DAPI % ¢ 1h (DAPI (4',6-Diamidino-2-phenylindole)-#_- #&

DNA % & » ¥ 115 F mPe 53 mPe 2 N > 3& ~ B DNA & minor groove *

Adenine 2 Thymine rich =% o 4% DAPI % -k & pic4t (340 / 380

excitation )¥ 125 ot DNA shec > k 2978 F 5 &7 & F w*#)e 12 PBS wash

2K R AR X AT B TR o

(D) Wound healing method
im¥e 32 & & starvation medium (% 0.1% FBS) 48 | F& 14,4 » 7 e ik B ehJF
W2 F PP AT F2RAAY 2 48 ) PR, BIM, # starvation
medium £ #43 % 48 ) P04 2 E R ACELELB S PR T T E T BARLTY

Hcmre Hcp T s (T E.



(F) Anchorage-independent growth assay
Blmre UFERLE § VA2 48 h £ 12 PBS wash & =t {¢ & P~ 5000 B
sm¥z 48 %% soft agar dish (1 % : 1ml 0.33% Basal Medium Eagle(BME) z 10%
FBS,™ & :3.5ml 0.5% BEM) #-‘w?z 33 % ** 95 % air plus 5% CO,, 37°C, 21

X fs o MATE T BRI Y 53 8wz 2 colony.

(H) & = % 2k (Western blot analysis) :

B
1.LysisBufferp 7 RIPA buffer : 150mM NaCl > 1%NP-40 - 0.5%Deoxycholic
acid > 0.1%SDS > 50mMTris-base » PH=7.5; 1ImM sodium orthovanadate ;
100ug/mL PMSF; 170ug/mL Leupeptin -
2.Sample Bufferpr 7 2mL 0.5M Tris-HCI(PH=6.8); 1.6mL Glycerol;
2mL 10% SDS; 0.8mL 2-B-mercaptoethanol; 0.4mL 0.5% Bromophenol blue

3.Washing bufferp 7 PBS with 0.5% Tween-20

k=
(1) ‘m¥e chif i &2 gL

#-tmPe s & {5 0 12 trypsin-EDTA #-m%e d 33 % x trypsinize © % » * PBS ¥+
e is 12 1000rpm s 5 & 48 0 Bk dmbe o Ao & A e B 0 Bwe
BB E S 1X10° cellg10 emdish » 32 % »t 10cmdish P o & e pLEE(S

™ 0.1% MEM it 7 Starvationovernighte 73 {5 { # 3t % AL &R 5 #B-E



be » (ASO3 b 70 &d® 5 A 48 0 £ 4 » Humic Acid) » 32 % & 3 T 5 & ¥-im

Eéli’(’l? °
(2) 3d fenze2 T

B-Ees & A im0 4% cold PBSwash2 =t » 4% 44 #-kmre 27 Jc
I eppendorf #.~ 1000rpm5 4 48 > £ 2 % PBS> X {s 4 » Lysisbuffer 50ul
(P 7 protinaseinhibitor) 4v » 2x % »+ 4C 2§ 30 » 48 > £ #t.~ 100009 10
A48 Bt iR 5 Totd cell lysate £ 4 Coomassie blue < & 39 &

# £ (1 U-2000 Spectrophotometer 4 47w % &> kPl 2 & -+ 2 F-d FE )e
(3) SDS ¥4tz ® &

MR AT RE BRSPS PR EIT ALY A FHAY
A SR F0 o RBIfe R 12%:T K separating gel 5 F A At A 5 B2 R
v o BIfie ¥ 8% 10%:1T & separatinggel - fe it R E85 18 0 B
gwdwel g15cmags b o v r 2SR B ERS 0 FHRMEATG B
L+ Rz Sokmsgg o R Rl P R stackinggel ®) ~ 2 3~ comb Fx >R E
{8 o o] -comb #4 41 £ #- sandwich clamp assemblies % » T A4 ¢ 5 4

» 1X Running buffer gL & 8 B Him fs > 2 S g 3 2 1 F o

(4) 4 »#% ~ (Loading sample) % &

E

R et d 23+ 0 & AL~ protein standard marker 2 sample g 7 R A o
& B L o 45 (stacking gel) * 80 volts > # sample #% # 3| separating gel £

# % | 120 voltse # tracking dye #4 3 37 & & lom i ¥ marker ¥ 5 |4
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(5) #&i# (electrotransfer) # 2

2 #- nitrocellulose (NC) paper (transfer membrane) % 3M Jjg M &2 >t &
P B2 EINA S BRI o Electrotransfer 7 % £d f &

(anode) it #& (cathode) > m NCpaper & % *“ 3T & > M7/ - &
w it B ZBROIMgN o FAEHPI N L T EARY P Sk
B oo g TH gL T - NCpaper F A% kL ALY

P MR RS E I ES oY TR AFT R 100vVoIts #EF 1] oo
(6) % & 4% ;2 (immunoblotting)

f#F % 218 0 4 NCpaper %%t 5% blocking solution ® » * 3= B3 F 3§
1 -] p¥ blocking » 1 washing buffer i = =t & 4v » 4= sl > * 3= i BIRF
overnight at 4C o Iy % 2_ 18 #-4= &3kl v 42 12 washing buffer ;£ = =t » £ 4¢ »
AP R RIRT R 1) PR (8 o il 4= 12 washing buffer i
= = » #-transfer membrane % 42 j2 iz » & » chemiluminescence reagents

( PerkinElmer Life Science ; Western Lightning : Enhanced luminol reagent
1.5ml fe + Oxidizing reagent 1.5ml) &% & Jig & 5k o Sfs 124 k& i p i
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Control (6 & ): # % Acetone200 x| /mouse =+ i¥ 3= » #F 5 24 iF -

Blalpsingledose (6 & ): ¥ &% 14+ 0.2, mol /200 | acetone > H
233 © B acetone o

Blalp+tHAL (6 & ): © &% 145 0.2y mol B[a]p /200« | acetone » #



4 23 ¥ %4 250 1 g HAL /200 ¢ | acetone -
BlalptHAL (6 & ): ® &% 1:it3# - 0.2 mol B[alp/200 i | acetone »
H4 23 ¥ %3 50 gHAL /200 . | acetone -
HAL (6 & ): = x5 2504 gHAY /200 ¢ | acetone -
JedL > 3¢
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1 Adp L BAE T EEF IR HA & As,Oz Au%iE 2 mie % 5 wmL a R w
2l * HA fr A0 - A g 3 5 1+ 22 2 TPA (tumor promoter) ¢ 7
M2 % (Figl) » 2@ 7 8 AU HA & As,0; & TPA & HA 4 As,0;
HE T £ EREE - Flet HA ¥ i & 3 3 5% As03 tumor promotion 2 &t
4 o

2. mouseskin JB6 Cl41 cell #_ - ¥+ TPA %% neoplastic transformation &7 g 2.

SRR S 1]?:3‘}1 VA e B 5§58 2. migration activity (ref), et
ARl 27 HA & As05 & HA fr A5O3 2 48 h 14 £ culture 2 % 2 JB6+
cell # migration activity,d % % # % 7 10 and 100 ug/ml #| & 2. HA &
As,03 % 3 & & 03 4 cellsmigration (Fig.2) ® HA ¢ 38 As,03 #7345
migration -

3. & ¥ Mz 1 monolayer # &, F e 2 AN p IR E Ll
£ & Fig3 ® IR HA 4 » ¢ 3 4 A5O3 #7134 % <5 foci formation > ¥ #
anchorage —independent growth &_‘w ¥z g 4| 2. - #44, HA &8 As,03 H M/
@ '+ 4 1RiE e anchorage —independent growth (Fig.4) - @ HA {r A0z

— AT G Av it (B o Fpt HA & 58 AsOs tumor promotion 2 it

4. iE3 7 7 B TPA %% mouseskin JB6 Cl41 cell fm?z #& 7| &2 /&= i MAPKS
WAL E S F B MAPKs & 32 Erk, INK, p38, &34 A= 5 ¢ S HA 4 & ¢
& 1t Erk, p38, TPA fr As,03 1| = —"Ff gttt m HA €4 As03 #1734
# INK % it (Fig.6), ¥ ¢H ¢ ILE ¢ #3245 7 p-gun 2 p65 £ (Fig.7) » 7=
I ¢ ik AP-1 2 NFkB 2 # i 4 -

5. ¥ 7hd 3t HA §4eas As0q 7 3 M enec g > A - HRE cell

membranevinculin % connexin43 2. % 3., % F M HA € K> As03



7.

f73% 2 connexin 43 2. 4 JL IRk b mRe ¥7 fm %z 2. communication, T s
dmre A 2 F

d b g APHERHA 2 A5O3 % F tumor promotion 2z iF% ¥ HA &
3 # 5% As03 tumor promotion 2 s¢ # o R @ 2 & mouse skin two step
carcinogenesis f-;\ ¥ - ¥ & 2 = 74 3 skintumor 2. % 4 .3 Fig9 ¢ e
PHERHA €FERM2 2% > T F A skin v B TPA 5 4
i 2_ Ji, 4 838 INOS, Cox2, ODC, PCNA, OPN % z_ £ 3.(Fig.10).

d g SN PgEIRHA 2 As03 % 5 tumor promotion 2 f£% ¥ HA & 5

H# 5 A0z tumor promotion z_ ¢ 4 > F]t HA ¥ a0 ¢ 3% 8 AS0375 % &
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Fig. 1. Effect of HA and arsenic oxide on the morphology of JB6 Cl41 cells. The cells
were treated with 20 ng/ml TPA, HA, arsenic oxide or HA and arsenic oxide
co-administration for 48 h. morphology of cells was observed by phase
contrast microscopy (200x)(left column). The nuclear morphology was
anayzed by DAPI nuclear staining, which displayed blue fluorescence

(middle column).
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Fig.2 Effect of HA and arsenic oxide on the migration of JB6 Cl41 cells. JB6 Cl41 cells
were treated with various concentration of HA and 2 UM arsenic oxide for 48 h.
Then the cultures were wounded by scratching the monolayer of cells with a p200
eppendorf pipet tip, and the mediums were again changed and incubated for another
48 h, then fixed in 2% paraformaldehyde in PBS, stained with 1% crystal violet and

photographed at 40 x magnification. The number of cells migrated into the wounded

area was counted.
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Fig.3 Foci formation assay. Foci formation assays of JB6 Cl41 cells were performed

by the co-administration of various concentrations of HA and arsenic oxide

for 48 h, and the cells were then washed with PBS and cultured in MEM

supplemented with 5% serum for 6 weeks. The visual foci diameter above 3

mm with dense-stain were counted. The quantification is shown in the bar

graph from at least three independent experiments. *p < 0.05, compared with

control cdlls.



Fig.4
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Fig.4 Anchorage-independent growth assay. The JB6 Cl41 cells were exposed to
TPA (20 ng/ml) or different concentrations of HA and arsenic oxide for 48 h.
The cells were harvested and seeded at a density of 5 x 10% into 0.33% soft
agar over a0.5% agar bottom layer. Cells were grown at 37 °C in 95% air plus
5% CO,. Colonies with more than eight cells were counted. The results from
three separate repair experiments are shown (mean + SD). * p<0.05, compared

to untreated control.
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Fig.5 Effect of HA and TPA on MAPKs activation. Total cell lysates
of JB6 Cl41 cellstreated with HA or TPA for indicated times
were extracted, and the phosphorylated INK, ERK, and p38
MAPK (active form) were analyzed by SDS-PAGE and
subsequently immunobl otted with antisera against MAPK s and

its active form.
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Fig.6 Effect of arsenic oxide and co- administrated with HA on
MAPKSs activation. Total cell lysates of JB6 Cl41 cellstreated

with arsenic or co-administration of arsenic oxide and HA for

indicated times were extracted, and the phosphorylated JNK,
ERK, and p38 MAPK (active form) were analyzed by

SDS-PAGE and subsequently immunoblotted with antisera

against MAPK s and its active form.



Fig.7
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Fig.7. Effect of arsenic oxide and co- administrated with HA on
MAPKSs activation. Total nuclear lysates of JB6 Cl41 cells
treated with arsenic or co-administration of arsenic oxide and
HA for 4 h were extracted, and the p-cJun and p65 were
analyzed by SDS-PAGE and subsequently immunobl otted
with antisera against p-c-Jun, p65 and C23 (as internal

control).



Fig.8
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Fig.8 Effect of arsenic oxide, HA and co- administration on the
expression of vinculin and connexin 43. Total cell lysates of JB6
Cl41 cells treated with arsenic, HA, and co- administration for 24
h were extracted, and the proteins were analyzed by SDS-PAGE
and subsequently immunoblotted with antisera against vinculin

and connexin 43.



Animal study
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Fig.9 Effect of HA on epidermal hyperplasiain mice. Mice dorsal patches
were treated with bezoapyrene and HA asindicated. Skin
biopsies were processed for hematoxylin and eosin staining.
Section of the skin from a control animal treated with solvent
(upper). Section of the skin from an animal treated with HA
showing hyperplasia.
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Fig.10 Effect of HA on the expression of epidermis COX-2, iNOS, ODC, PCNA,
OPN in mice.
The mice were sacrificed and the epidermis was removed for
immunaoblotting analysis against anti-iNOS, anti-COX-2, anti-ODC,
anti-PCNA, and anti-OPN. The data are presented from one mouse per
group and each lane contained 80 g protein. Other rats in each group

showed patterns of protein expression similar to the representation.



