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In vitro Anticancer Effect of Salt on HepG2 Human
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ABSTRACT

We investigated the anti-proliferative effects of solar salt and purified salt (PS) on HepG2 human hep-

atocellular cancer cells as well as their effects on mRNA and protein expression of apoptosis- and cell cycle-related
genes, including Bcl-2, Bax, p53, and p21. Each salt sample suppressed cancer cell proliferation when treated at a
concentration of 0.5% or 1%. Especially solar salt from T salt field (SS-T) and solar salt from Y salt field (SS-Y)
significantly suppressed proliferation of cancer cells in comparison with PS. Treatment of HepG2 cells with salt samples
at a concentration of 1% suppressed expression of Bcl-2 and promoted expression of Bax, p53, and p21 at the mRNA
and protein levels in comparison with the control group. Inductively coupled plasma optical emission spectrometry
(ICP-OES) showed that SS-T and SS-Y had higher concentrations of Ca, Mg, S, and K than PS, and SS-T contained
higher concentrations of these minerals than SS-Y. It seems that Na and mineral contents in solar salt may contribute
to regulation of the genes. Taken together, salt, especially mineral rich solar salt, inhibits cancer cell growth by regulating
apoptosis and cell cycle-related genes.
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ol /‘}%5‘7} 279 714 ¥ 542 inductively
coupled plasma optical emission spectrometry(ICP-
OES)(Optima 4300DV ICP-OES, PerkinElmer, Shelton,
CT, USA)E ol &3t EA4sI8it). Adxe 5395 40

MHz(free-running), power 1,300 W, plasma gas flows

20 L/min, auxiliary gas flows 1.0 L/min, nebulizer gas
flows 0.5 L/min, sample uptake rate 2 mL/minS & 3}

tH®).

MIZEHH 2

HepG2 1A 2t AEE gk Al 22723 (Seoul, Korea)
o mRy Fgol Ao A&ttt HepG2 A2 alj ¢k
S 93l Dulbecco's modified Eagle's medium(DMEM),
fetal bovine serum(FBS), 0.05% trypsin—-0.02% EDTA,
100 unit/mL penicillin-streptomycing GIBCO BRL
(Grand Island, NE, USA)ZX-¥ 93} Al&3}9c)
100 unit/mL penicillin-streptomycin®} 10%¢] FBSE &+
-3t DMEM& AF&-3le] 37°C 2% 3}oll 5% COy incuba—
tor(model 3154, Forma Scientific Inc., Marietta, OH,
USA)I A # Fal A h16). WY dAEE U 33
refeeding 3}al, 6~79 wTho] PBSE AMA3 & 0.05%
trypsin-0.02% EDTAE o|&3to] §2&d MEE &8

= dAEE st A stk

MTT assay

W E HepG2 A EE 96-well platedl] welld 1x10°
cells/mL7} ¥%= 100 uL¥ 539 5% CO: incubator
ol Al 37°C, 24AI3F & WS = 0.5%9 1% T
DMEM uf#]ol 3]418k 25 A|85 100 pL 3 7kete] 244
7k v Fetalnt. A Esild A5 E A1 A3k PBSOl 5 mg/
mLe] 5% FA|3 3-(4,5-dimethylthiazol)-2,5~-diphen-
yltetrazolium bromide(MTT)(Amresco, Solon, OH, USA)
LN 20 uL A7tk 59 271 shell 4A13F <t vl g3t
St olwl A formazan A4S DMSO9| ¢ ELISA
reader(model 680, Bio—Rad, Tokyo, Japan)& ©]-& 3}

540 nmelA FFEE SA3THA6).

Reverse transcription polymerase chain reaction(RT—
PCR)

W sk HepG2 Al¥ol &5 AZE DMEM 8iX|o] 1%
TER ZASt] Adk F 243 wigeta A BE A A
t}S PBS®E 13] Al &3] TRIzol reagent(Invitrogen Co.,
Carlsbad, CA, USA)E ©]&3}9] total RNAES 2|3} th
Spectrophotometer(UV-2401PC, Shimadzu, Kyoto, Ja-
§3ko] total RNAS AZFE § oligo dT pri-
mer(Invitrogen Co.)2} AMV reverse transcriptaseS 9|
45} RNAOA] mRNAC A HE A1 ss cDNAZ & A ALs}
aL, o]= template® 3}o] Bel-2(forward, 5'-CTC GTC
GCT ACC GTC GTG ACT TGG-3'; reverse, 5'-CAG
ATG CCG GTT CAG GTA CTC AGT C-3"), Bax(for-
ward, 5'-AAG CTG AGC GAG TGT CTC CGG CG-35,
reverse, b'-CAG ATG CCG GTT CAG GTA CTC AGT
C-3", pb3(forward, 5'-AAC GGT ACT CCG CCA CC-
3'; reverse, 5'-CGT GTC ACC GTC GTG GA-3"), p21
(forward, 5'-TGG AGA CTC TCA GGG TCG AAA-3"
reverse, 5'-GGC GTT TGG AGT GGT AGA AAT C-3")
12]31 housekeeping A=A glyceraldehyde-3-
phosphate dehydrogenase(GAPDH, forward, 5'-CGG
AGT CAA CGG ATT TGG TC-3'; reverse, 5'-AGC CTT
CTC CAT GGT CGT GA-3') f+#1 A& BIONEER ther-
mocyclerMygenie96, BIONEER, Daejeon, Korea)Z ©|
&3to] 54 F-9& SFAZth Ethidium bromide(Sigma
Aldrich, St. Louis, MO, USA)E ¥ 3}l 2% agarose
gel(Invitrogen Co.)& o] &3t PCR AIEES A7 =3}

3 UV stoll Al Esl A TH(17).

pan)E 9]

Western blot

HjoFek A3z &g AlRE 24417 HEe § A Al
A&+ RIPA lysis buffer(Amresco)® 2 3}3F] 13,000
rpmel Al 4°C, 1033 YAEE st s s 8kl
G4 F% = Bio-Rad @94 A Al ¢k(Bio-R
cules, CA, USA)E o] &3t AZFsn). F+=3 ‘f/_‘r‘ﬂﬁ”@%
10% SDS-polyacrylamide gelel loading 3to] A 7] %3k
% nitrocellulose membraneoi o] 5A1FH Y. 5% skim
milk& blocking 3+ ¥ PBS-TZ 103t 3¥, 5&7F 34
washing 3} th. Membrane< 12} Aol 4°Coll A 24A]
2 WES-A171 3 PBS-T® washing 3}aL, 4204 2A|3F
Bt 12} ghAlo gtz 23} Ao wbEAIZ] § ThA] PBS-T
= washing ¥ Enhanced Chemiluminescence® A}-&3}
o] &4ttt Bel-2, Bax, p53, p21 FAAke] 12+ 2 23
8}al = Santa Cruz Biotechnology(Santa Cruz, CA, USA)
25Y T8t AREsHTHAT).
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HepG2 Q1A FekAl o] AAA PSeF w4k
ZH SS-T9}F SS-YZ A gste] Al A oA
AR thFig. 1. &5 AP s5& APATQ)F #L
o FGMAER] HaCaT Q1A I H-AEAA 545 LeERA
oA AAX A IA a3E Hol= 0.5%% 1%
SRR ARt AEstdlon, AlRE oAk AshA
r2 Control?] AE A% Ad&ES 0%=Z sk 2 A3
o 5% FXZolX SS-Y7} 48.6+6.2%, SS-TE 41.3+8.9%
2 oA =& qAES Uelon, PSE 26.2+
2.6%9 AL BYT 1%9 27 FEAdA SS-Y=
69.3£2.6%= 71 w2 JA &S HGlon SS-T7} 61.6
+2.6%, PS& 52.247.6%¢] AA&S Bivh §H SS-T,
SS-Y, PSE 0.1% %ol 17~28%, 2% S%=A 97%
o] HepG2 AlE A% AAE&S B, 25 2% TFH7HA
= xn o EAHQ A4 a9E By E Ay uAA).

uEb A AlE BT HepG2 AlE9] A4S oAlstglon
AAAH % %E’SA Hli A A a9t =S
TG Ao BEAW] 28 A

Q)
=

-

it a2

fols rzﬂ
—OL dov Hn

‘0

l‘

(9) &~go] ¥ o
Awlo] ¥ & HQl
I AA 7 EA o]

80

70 A AB

60 - a
50 A
40 A

30 - b

Inhibition rate (%)

20 A

10 A1

0

PS S8S-T S§S-Y

Fig. 1. Inhibitory effect of solar salts on the growth of HepG2
human hepatocellular carcinoma cells in 3-(4,5-dimethyl-thia-
zol)-2,5-diphenyltetrazolium bromide (MTT) assay. PS, purified
salt; SS-T, solar salt from T salt field in Korea; SS-Y, solar
salt from Y field in Korea. Means with the different letters (a,b)
(A,B) above the bars are significantly different (P<0.05) by
Duncan's multiple range test.
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Bcl—-22} Bax2| mRNA !

AeE Aol 9tH AFL apoptosisE FEFIY] &
132 A4S JASHE &95 7FA 3 vh16). Apoptosis
] Hejsl= o8] 1A} F Bel-2 family= 7 523k 3t
T = 5 o, Bel-2 familye] tx# <l 12}
Et anti—apoptotic 21A}91 Bcel-29} pro—apoptotic A}
2l Bax® & F At =t o] HepG2 Al A
apoptosis®} ##E3Fe] R A E AFES dov|=X Fols)
7] 938t Bel-29F Bax 429 mRNA(Fig. 2A) 2 okl
A (Fig. 2B) &¥d A=E SA3IA . HepG2 Al Xl o}
A% A2 eA] %2 Control] Bel-2 mRNA @& o] 714
=4 YEtaL, olojA PS, SS-T, SS-Y «+o2 ey
SS-Y7F 74 frel A o & uhAl YERETHZX0.05). Bax©]
9ol Controlo] 7bg watom, &g HELEY PS,
SS-T, SS-Y7} )23t =50 2 =) et 71249 SS-Y
7F 7 e 3E S Bl gl S A E Bel-29]
79 mRNA && wje} o] Controlo] 71 A 2=l
AL, oo ' PS, el HAd F F/<l SS-YeF SS-T7h
Ze FEOR Fo)H o R Hrh(/X0.05). Baxe] T
& 2 Control¥} PS7} W23k 502 ‘;l’ﬂ] e
| AL Hwrd SS-TeF SS-Y7F v 528t =70 =2
Al =2 IS YERITHAK0.05).

Apoptosis Zdd| A4 Bcl-2 family+ P EZE=2] o} o
o &£A43H, Bel-2, Bel-Xi, Bel-w 2 Mcl-1 59 apop-
tosisE A= @A E3} Bax, Bad, Bak, Bid, Bel-Xs
59l apoptosisE kst @A o] X3 o5
AAES dimer FE|= AF st @S o]F2 Joyh 1
o] 71X A =A cytochrome ¢ < apoptosis 2t
Edo] M EZ=g ol YA AExAR HEE| cas-
pases, &% A F4A} p53 5 &4 351 apoptosis7f
dojupAl #rh(21,22). £ A3 lA HepG2 Ao Al 71A]
7S HelsheS W HE A<l anti—apoptotic Bel-29] &
o] mRNAS} ghil 2 ?%Oﬂ*i - #4=3}al, pro-apop-
totic Bax®] W& 27 F7hate] AAdH lla A<,
53] SS-Y+& DNA AL 2 HY dA|o A dojvt= apop-
tosis®l] Bel-2 family FAAES #AIA]7]+= Ao = Ve
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Fig. 2. Effects of salt samples (1%) on mRNA and protein expressions of Bcl-2 and Bax in HepG2 human hepatocellular carcinoma
cells. PS, purified salt; SS-T, solar salt from T salt field in Korea; SS-Y, solar salt from Y field in Korea. Means with the different
letters (a-d) above the bars are significantly different (P<0.05) by Duncan's multiple range test.
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A dolry] g5t TF Aol 7 Fagk 93-S st o} p212 SS-T7F v 5o vt 7HE Z%a (X
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Fig. 3. Effects of salt samples (1%) on mRNA and protein expressions of p53 and p21 in HepG2 human hepatocellular carcinoma
cells. PS, purified salt; SS-T, solar salt from T salt field in Korea; SS-Y, solar salt from Y field in Korea. Means with the different
letters (a-c) above the bars are significantly different (P<0.05) by Duncan's multiple range test.
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o} SS-Yi= PSel| vls) thefet 77188 dekal llen,
SS-T+ Na7} 34.560%= th2 gl vlate] W s
B9, Ca, Mg, S, K& Al 7HA &3 A8 Fol|A 71 w3t
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AL Aao] 4820 NaClEwk ofyek CaSOy,

MgSO; 52 F714& dF3+o1(28) QIAAA FEl g st
kA 28-S FH(14). =3 A7 K, Mg, Ca 59 ¥714
dide] B o), o= 2 ElAl

=
59 /5% u(3), 53 Ke 9 Y

Table 1. Mineral contents of different kinds of salts evaluated
using ICP-OES unit: % (wW/w)

PS SS-T SS-Y
Na 40.337 34.560 36.363
Ca NDV 0.170 0.085
Mg ND 1.303 0.662

S ND 0.897 0.556
K 0.467 0.892 0.511
Total 40.804 37.822 38.177

1)ND, not detected.
PS, purified salt; SS-T, solar salt from T salt field in Korea;
SS-Y, solar salt from Y field in Korea.
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veEbdtha 4R 8k th29). B Ao AREs U<
T EFF 5 SS-To ARkAQl #7174 shgko] SS-Yeol vl 3|
H 2 5% B9 9 RT-PCRY} western blot A&
W SS-T7F the A Algsel Hlsl o3
J 2E =99 AL p2l FARY B b Y=gl
SS-T¢ SS-Y+&= H|=d == apoptosis & FHdAE
S mRNA % &z =FoA 2432, Baxe] mRNA
e 9l ph3e] vl Wty e SS-T, SS-Y, PS7F 5 H| S
gt FEoE YEh AF9 7714 ko] HepG2 A

=4
A AE WY, AZ 87, WS EF 9 BE 5o gE
f90] A Ao AR WA ool tj@ F4 o

2 AFNA = FULE AL 7 T/ AAIH el HepG2
A 7¥eF Al Eo A ME A A &3, apoptosis TH
S A=} Bel-2, Bax, p53 2 p21¢ mRNA @& 7 ez
W3S Fgolslint AF A HES HepG2 1A 7HHA| o
0.5% % 1% s==2 A2stS vl Ax 43S ANz
W T AIAESS-T)F YA HAAASS-V)S A
AAPS vl G E AFE FofF oz Al THX
0.05). X3k HepG2 A9 1% == A9 AEE A3}
RS w thz=Ttel ¥]3) apoptosisE GAEHE FHAES
mRNA % ghuld =Fol| M 2d3le] Bel-2% WA UEFS:
3, Bax, p53, p212 =7 HHHATE SS-T9} SS-Y&=
PSell w]ate] Ca, Mg, S, K o] @wokom, AU FelA
% SS-T7F SS-YRUE @o] e o] ol dukrdos
F71e] Wl gy dddol AAART F Gt =
%o o] Ao Na ¥ 1 9 b F71dEo] ek #d
FAAES 243 Aoz Belt o)ike] AdE T I

ZtAto| 2
BOATE SPRA A T AR A A (5 Y S ) 8
i AYRATAE, HANE 20130209)8] Aol o3 5
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