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In Vitro Evaluation of Anti-cancer Properties of Hongyoung on
SNU-80 Anaplastic Thyroid Carcinoma Cell Line
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Anaplastic thyroid cancer has the highest mortality rate of all thyroid cancers and shows low responsiveness to most
treatments. Hongyoung, a reddish-colored potato, is an excellent source of dietary polyphenol containing a large amount
of anthocyanins, which has anti-cancer and anti-inflammatory effects. This study investigated the effects of Hongyoung
extract on apoptosis and invasiveness in SNU-80 anaplastic thyroid cancer cells. The quantification of the total polyphenol
content was done by spectrophotometric measurement. Cell growth was measured by using 2-(2-methoxy-4-nitrophenyl)-
3-(4-nitrophenyl)-5-(2,4-disulfophenyl) 2H tetrazolium, monosodium salt (MTS) assay. Cell cycle was analyzed through
FACS analysis. Induction of apoptosis in cells was investigated by annexin V staining using flow cytometer and the
expression of caspase-3 and Poly (ADP-ribose) polymerase (PARP) through western blot. mRNA expression and protein
activation of matrix metalloproteinases (MMP)-2/-9 were examined by RT-PCR and zymography. As a result, the TPC
of Hongyoung was 292.43+8.42 mg gallic acid equivalent (GAE)/100 g dry extract. Hongyoung showed a dose-
dependent cell growth inhibition, and the ICs, values was 1,000 pg/mL. sub-G1 phase was more than doubled compared
to the control group, and S and G2/M phase arrest were also induced. Hongyoung induced apoptosis by increasing
FITC-Annexin V-positive cells and increased the activation of caspase-3 (cleaved caspase-3) and PARP (fragmented
PARP). Hongyoung significantly inhibited mRNA expression and protein activation of MMP-2/-9 in phorbol 12-myristate
13-acetate (PMA)-treated SNU-80 cells. Therefore, this study suggests the possibility of development of Hongyoung
extract as an anti-cancer agent.
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3 ATCE 1 5} 7}s g 1 Aogh e
& 2z glof ojw gk X ERelw FElE uhg-S Kol
ggomn, gitkre] St Al S41% S5, 9=, STt
9 A7he B S-S st a2 8

Atk B %31 QI THAmaral et al., 2020; Nagaiah et
al., 2011; O'Neill and Shaha, 2013; Smallridge and Copland,
2010). 984 7FAAte] Ame ARl tF AT}

o713 A& glown, ol5 F 53] HAES o] &%
AmHo] Fag TS Hagsta As adE =
thalet 5= 9l7] wEol] FERka Q) TH(Ferrari et al., 2020;

Jaskula-Sztul et al., 2011; Lan et al., 2017; Li et al., 2022; Saini
et al., 2018; Sharifi-Rad et al., 2020; Shin et al., 2019; Yeo et al.,
2014; Yeo et al., 2014; Yu et al., 2013).

AN Solanum tuberosum Linnaeus)= W, 2, S}
7 AA 4T 2HEE delA Qo A, HlEk, vl
49 e Be JYhs B @Rl B
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FET AEA e R o]gyo] Qa1 vk AA HAIAA
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]

A} wale] 9748 74 R7E Ak o] A,
ﬁxq 1:1r k/\é o7 9 OH ﬂ/\ﬂ x}/xﬂ E}Oh‘s} ;\u}\L
AAE EA) K Burlingame et al., 2009; Yeo et al.,
2014). SR G D wAaS o= oduk xRk
=89 ko] 38 ¥ =29, carotenoid, anthocyaninZ}
Ee Aaw Qe thFeE s mal QUKL et al, 2022;
Petropoulos et al., 2019; Rasheed et al., 2022; Rytel et al., 2014).
53] anthocyanine THE SRS A4} 2R
= W= ARelA o] B w2 slew deiA At
(Jansen and Flamme, 2006; Park et al., 2009). #<= F-217}2}2]
Fks), @4, FEANl T veket Al g
A77F 2s] AP 9ltk(Jang and Yoon, 2012; Kang
and Choung, 2008; Lee et al., 2017; Park et al., 2008; Park et al.,
2007; Petropoulos et al., 2019; Rasheed et al., 2022; Tsang et al.,
2018). SHAIRE o}z A IPFAHA| A A o] A}

of oJgh aet &3 A= Had vt glch

ayug B AP FAR T dee FEE
o] &t AIE SNU-80 A kA el A 7t
5 Bzt gt

P& 9 A4S AL A4S 3 mm FEOE AL
2 %, AR 100 goll 80% ©EHE 1,000 mLS 3718k
_ir_%o]_o:h;}, AFES 23 W o

= gt

ry vac
(EYELA N-1300, Tokyo, Japan)i 7,.}?:} %%—
7127](EYELA FDU-1200, Tokyo, Japan)= & Z27%
th A% 3 39 ok 552 dimethyl sulfoxide
(DMSO; Sigma-Aldrich, St. Louis, MO, USA)°l| 3|43}
50 mg/mL “sE== FH]So] ARG

MIE L A%

SNU-80 &4
(Korea Cell Line Bank, Seoul, Korea)oll 4] &
St} M= RPMI-1640 (Gibeo-BRL Life technologies Inc.,
Grand Island, NY, USA) HlX]ol]l 10% fetal bovine serum
(Gibco-BRL), 1% penicillin/streptomycin (Gibco-BRL)S
7Fsted 37°C, 5% CO, §7d?4 HjF71ol A wskalet. o1

AR IAEFEE

A LT
o ol Abg}

2 5k Aol gl Aok B Sigma-AldrichA}E]
Hi % o0 AFES *}ﬁo}ﬁiﬁ}.
Z Eonl= g 24

% EZ8)9m TS Folin-ciocalteu S ©]-&3l 54
I} Gallic acidE X4 2 A3 AL, 0, 50, 100,
250, 500, 750, 1,000 pg/mL=. 8]4]5Fe] FH|SFATE 96-well
plateol] &A% gallic acid®} 50 mg/mL2]
T 4w ¥, 52 Folin-Ciocalteu's reagent (Sigma-
Aldrich)®} 180 puLe] /55 H7iste] A&eA] 5
1k T 2% Na,CO; (DUKSAN Science, Seoul, Korea)
12 uLE 371l 40°C BjF7IelAM 303 E<F hik-esk3d
a1, microplate reader (Molecular Devices, Sunnydale, CA, USA)
& ol-&3to] 700 nmollA FEEE SAh T EE9
= g2 X229 gillic acidZH-E 92 @IS

1= = 1=

o1gsto] Fair.

HE 4Zg 2%

FEES well

AE AEES AT Y38ll, EZ-3000 assay kit
(DoGENBIO, Seoul, Korea)S ©]-83}] Z43}3it} SNU-
80 MIXEE 96-well platedl] welld 2 < 10'7] = seedingd}at
12A17F E3F vieker &, 3 oehE FEES 500, 750,
1,000, 1,500, 2,000 pg/mLe] FE= st 28
37C, 5% CO, Z719] ujek7]oll A 24, 48, 72A17F £t wjok
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Table 1. Primer sets for RT-PCR

Gene Primer sequence (5'- 3") Annealing temperature (C) PCR product size (bp)

F : GCGACAAGAAGTATCGCTTC

MMP-2 58 390
R: TGCCAAGGTCAATGTCAGGA
F : CCATTTCGACGATGACGAGTT

MMP-9 58 530
R: CTTGTCGCTGTCAAAGTTCGAG
F : GAAGGTGAAGGTCGGAGT

GAPDH 58 226
R: GAAGATGGTGATGGGATTTC

Stk 71 o] F MTS £ Alzulgol] 10 pLiwell S
A7kekaL 1413 F<t 37°C W FIelA wWh-g-8ke] micro-
plate reader (Molecular Devices, Sunnydale, CA, USA)E ©|
&3] 450 nmell M FF=E ST

MHEZ7| 24

SNU-80 AI3%Z 60 mm culture disholl 1< 10° cells/well 2
shal 18A1F &<k wi ket -, 500, 750, 1,000 pg/mL
o] FLEE 4R Bt vigeGlth L %, AIEE trypsin
2] 3}3L phosphate-buffered saline (PBS)Z A& gF 3
70% ethanol= 4°Col|l A 12417F A} 24 E A2
= PBSE A|Z3}aL 100 pg/mL RNase AS 37TCol 30%
ot 28313t 50 pug/mL Propidium lodide® 443}l
CytoFLEX Flow Cytometer (Beckman Coulter Life Sciences,
CA,USA)E olg3sle] AExF7]5 Flsisith

Reverse transcription-polymerase chain reaction (RT-
PCR)

MAEZFE TRIzol A (Invitrogen Co., Carlsbad, CA,
USA)S AHE3te] 5 RNAS FE313TE 1 pgel RNA
£ ReverTra ACE PCR RT master mix kit (TOYOBO Co.,
Osaka, Japan)& ©]-8-3lo] PCRS F=83l3it). 2 A 3elA
= MMP-2/-9 2 glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) primers (Table 18 A}-8-3}%1 3L, housekeeping
2k GAPDH A A& internal control@ ARE-3}S T
ZZ% PCR AAEL 0.5 pg/mL ethidium bromide (Sigma-
Aldrich)7} X3 1.5% agarose (Sigma-Aldrich) geloll #17]
s3] UVlight ZdellA gelagltt.

Gelatin zymography

S vEe] F9 FEEW FF AR B o

71 phorbol 12-myristate 13-acetate (PMA)E 0.5 TE

A

L L= FAo] A3 SNU-80 (1 10%) A S 244

et wjekst &, 45 NS Kol Ultra4-Centrifugal Filter
Unit (Merck Millipore, Temecula, CA, USA)S A&-35}0] 55
SFATE 20 pg =9 ©E -2 non-reducing sample buffer
(0.5 M Tris-Cl, pH 6.8, 5% SDS, 20% glycerol, 1% bromphenol
blue)2} Al E83+o] 1% gelatin®] E3HE 10% sodium
dodecyl sulfate-poly acrylamide gel electrophoresis (SDS-PAGE)
gelol A A719%F sslvh. A7 $, washing buffer
(2.5% triton X-100)= SDSE #|A3}3L, incubation buffer
(1 M Tris-Cl pH 7.5, 1 M CaCl,, 5 M NaCl, 0.02% NaNj,
0.2 mM ZnCl,, 2.5% triton X-100)Z 37 CollA 1247} 5ot
HE-S-3}S T} Gel- coomassie brilliant blue (7% glacial acetic
acid, 40% methanol, 0.25% coomassie blue)= 30% &<t
HAgk & destaining solution (7% glacial acetic acid, 40%
methanol) &2 &413}0] white bandS &<13}5 )

Annexin V gAH

SNU-80 AIXE 60 mm culture dish®l 1 10° cells/well
2 RF 1247 B MR F, 9L O B
2 Az3te] 481k MY AES Hob PBSE A
23t & Annexin V-FITC Apoptosis
Milpitas, CA, USAYE A}&3l AXE A3, BD
FACSArialll Cell Sorter (BD Biosciences, San Jose, CA, USA)

BAIE o) g3te] S,

it (Biovision Inc.,

Western Blot analysis

T FEES T 28 AT SNUS0 AIEE Fo}
PBS= A|Z] 3}l lysis buffer (150 mM sodium chloride, 1.0%
NP-40, 0.5% sodium deoxycholate, 0.1% sodium dodecyl
sulfate, 50 mM Tris-Cl pH 8.0y %718l 4TColA] 1583k
S5 512,000 pm O E 10377 A E-E]Ele] Aol
< FeF3th Bradford¥ S o]-8-ato] Tl A3 g3 H,
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Table 2. Yield and total polyphenol contents of Hongyoung extract

. Total polyphenol
0,
Extract Yield (%) (mg GAE/100 g)
Hongyoung 3.73 292.43+8.42

50 pg®] wHlA-S SPS-PAGE gelS o]-&3ate] Halsiait)
71 ¥, poly-vinylidene difluoride membrane®]l transferd}<]
5% skim milk7} $HF% TBS-T buffer (20 mM Tris-Cl pH 7.4,
150 mM NaCl, 0.1% Tween-20)5 ©]-83te] 2-2ellA] 14]
7t QE-S-3FSITE Caspase-3 (#9662; Cell signaling Technology,
Danvers, MA, USA), PARP (#9542; Cell signaling Technology),
GAPDH (#AC002; Cell signaling Technology)E 1:1,0002
2 3M% & Hutele] 4ToA 122417 g3k om,
goat anti-mouse horseradish peroxidase(HRP)-conjugated IgG
secondary antibody (#SA001; GenDEPOT, Barker, TX, USA)
9} goat anti-rabbit HRP-conjugated IgG secondary antibody
(#SA002; GenDEPOT)Z 1:5,0000.2 3] &}o] AF-L-of A
1A1ZF W335t 21 = enhanced chemilluminescence
(ECL) kit (Amersham pharmacia Biotech Ltd., Amersham, UK)

& o] &3] A3tk
Statistical Analysis

M E AFEE §3 RT-PCR, Gelatinase &4, Western Blot
a8 ar A|EF7] 4L Student's rtests A A|SFATE A
A= 33] wHE 23S T319] mean + SDE LER

b oa

=
Rom, 7t AR o] AN BAL folg 472

e

< wje] F5E2 3.73%0Ith & AT E gallic acidE
ETEdE 39 dets FEE] T Tevle 99E S
Aol o, 1 A3} 292.43+8.42 mg gallic acid equivalent
(GAE)/100 g dry extract®] Z2]olso $Hrehe S<lskqltt
(Table 2). o= FA7Ake] & ]l s Halgh 7|
F9] A9} f-AFeE A}o|tiJang and Yoon, 2012; Alam
etal., 2016).

120 4

Relative Cell growth rate (% of control)

0 500 750 1000 1500 2000
Hongyoung (ng/ml)

Fig. 1. Anti-proliferation effect of Hongyoung on SNU-80 cells.
The cells were treated with different concentrations of Hongyoung
for 24, 48 and 72 hr. Data represent the mean * S.D. through three
independent experiments (**; P<0.01 compared with untreated
control, ***; P<0.001 compared with untreated control).

SNU-80 MIZOflM =2F OEkE 2EF {2[ofl ot Y=

(=]
= =M

SNU-80 93 dALA oA T4 dghs 55
<0, 500, 750, 1,000, 1,500, 2,000 pg/mL2] F%=2 2] a}lo]
24, 48, 2AIZE BT BFSE -, MTS WS ]88t Al
o] AEES FAEGITE dlxa ¥} vlagk Ay}, SNU-80
AZ o] AEEo] % oFA 08 HAsHGAL, 1,000 pg

/mLe Lo E AE BEEO] 50% n|vte R A%

S g = tkFig 1). ol £ FEEo] AyA
of, 27k MEy, 7 5o Al dis) AlEEA

a7} vk 7159 AT AR Ao tHKim et al,
2023; Park et al., 2008).

29 oekE 222 HEFV| 2 24

3o] SNU-80 A3/ 3 dtAlaEe] Alxid 7]
el mA= S flow cytometry= ZAVSIATE G1, S L
2oL GaM7 1ol ettt Al oM = 2H2 77.31%,
538% Z12]al 14.33%2] ¥ H Atk 9hHdl 1,000 pg/
mL 559 §9 FE=S AHE v= G177 51.73%
2 728191, S71E 930% LA G2/M7]E 24.25% %
F7kehs e wAsthFig. 2). oo A%z Hep
S % G2M7] arrest7} AT S A8 o 7 O
ZAZAA sub-G1715= 1.99% A4 RE, 500 pg/mLell A
2.31%, 750 pg/mLol A= 3.81%, 1,000 ug/mLoll A= 6.90%
2 8A3] S7Hs dEE T o= HdE F=E

= Al o3k AdA HFALA AN Hehd Az
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Fig. 2. Cell cycle analysis of Hongyoung on SNU-80 cells. The cells were treated at different concentrations of Hongyoung for 48 hr. (A)
The cell cycle profiles were analyzed by FACS using CytExpert Software. (B) The percentage of cells in each phase of the cell cycle is
represented by GO/G1, S. and G2/M phase. (C) The percent of sub-G1 phase (apoptotic cells) were plotted. Data represent the mean =+ S.D.
through three independent experiments (*; P<0.05 compared with untreated control, ***; P<0.001 compared with untreated control).

QLI A 9 Holo] T ofeg ah= AT 7]
| Tl 25l & 4> (matrix metalloproteinase, MMP)
= 2 ¥ Auak ol oled )
179 peptidase©]th. MMP= 714 9hg -3k Tl d<
Haje] ¢ 2 gxgoz A E9] o5 =75,
=

oFe] 27] 44 L Mool weldto] Wl HTHAm

and Lynn, 1997; Jacob and Prekeris, 2015). MMP+= 7] A
S %o wa} type IV collagenase, stromelysin, interstitial
collagenase & 2% -5, MMP-2(gelatinase A, A+
72 kDa)2} MMP-9(gelatinase B, ®AFF 92 kDa)> 7] A9}
S T3 type IV collagens £33l I5S F=sle
type IV collagenase®l] 3l|'d-% th(Bassiouni et al., 2021; Liotta
and Stetler-Stevenson, 1991).

SNU-80 Aol &9 F==5 500, 750, 1,000 pg/mLe]
SR AEste] MMP-2¢F MMP-99] -7 - oA

-325-



Q PMA (0.5 uM)

Hongyoung (pg/ml) - - 500 750 1000

MMP-2
(390 bp)

MMP-9
(530 bp)

GAPDH
(226 bp)

©

Hongyoung (ug/ml) - - 500 750 1000
MMP-9
(92kDa)
MMP-2
(72 kDa)

PMA (0.5 uM)

ol

@

= = = =
ES =N % _ )
. ,

=
o

Relative Invasion activity (fold change)

S
|

&) ) 500 750 1000
Hongyoung (ug/ml)

Fig. 3. Effect of Hongyoung on the expression of MMP-2/9 in
PMA-treated SNU-80 cells. (A) Effect of Hongyoung on the
activities of MMP-2/9 mRNA in PMA-treated SNU-80 cells. (B)
The activity of MMP-2/-9 protein were determined by gelatin
zymography in conditioned media. (C) The relative expression of
MMP-2/-9 were analyzed by band intensity using ImageJ program.
Data represent similar results from three independent experiments
(*; P<0.05 compared with only PMA-treated cells, **; P<0.01
compared with only PMA-treated cells, ***; P<0.001 compared
with only PMA-treated cells).

Alel] w1 ‘l{— ;Eiﬂr—% 5346}7] 218l, 500, 750, 1,000 pg/
mL ¥%5°] 39 FEES Aol MMP29] €4 oA
a5 dx=a vaskgley 1 A3 500 pg/mLoll A=
1254}, 750 pug/mLol A= 1.554H, 1,000 pg/mLoll A= 2.354)
AAE B 223 MMP-99] &4 oA adE Uz
T3} 11283 wl, 500 pg/mLol A= 2,088, 750 pg/mL
o = 4.0549), 1,000 pg/mLoll A= 12498] 7HAS HATH
(Fig. 3B). ol&]gt A3}E Falo] tzare| vl 9 5
55 A3 AEolHE= MMP-29F MMP92] -Fa 2

o A #askion] F3lEH MMP-9
o fAA W B B o oA b Fee
g Aol o8k kAl
sh ke Afeltt
(Kim et al., 2023).

EY ££29] apoptosis =M

Annexin V THE 2 A3 0 2= AEEF Y5 $
2|87} apoptosis7F Y E|H A ZE oS50 2 A
%]+ phosphatidylserine®l] A3st= 4dS 7HA 3 9o
apOptOSIS* gRlsk=dl AHETE & ATelME 9 F
2ol &3k SNU-80 A|3£9] apoptosis =& &olH 7]
Ho}fﬂ 2o FEES 500, 750, 1,000 pg/mLe] FEE
48A7F 59F A 2l$ § Annexin V&} Propidium iodide %344
o2 A dizatol] H oH 1,000 pg/mLe] 550l A
Annexin Vol 345 apoptosis Z7] T 2] /HL]J]- oF 61l
7kl tHFig. 4).
A o A Gl o) 2dE =,
)34 ©. 2 Bcl-2 family, caspase-3, PARP 5°| 74 & &
HA ek AE W 2= 59 o= apoptosis 7] 0]
ke U]E:’—Eﬂo]— €] cytochrome c7} W&5 a1
caspase cascade”} /3 8}E o] T4 0 2= caspase-37} %"
’dshet). oju] DNA ¢l ¥+o]dl= DNA-binding zinc
finger protein?! PARP= 2 3}¥l caspase-3°l 23l frag-
mentation®] Y= 31, o] 2 13| apoptosis’t LAUA H
t} wheba] SNU-80 AlEol] A¥ANE = A2E Fls)
7] 93f el kol caspase-3, PARPS] W RS &0l
31tk 2 A3} pro-caspase-39}F PARP2| o] 5= 9
EH o2 744815131, cleaved caspase-39} ﬁagmented PARP
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FE-S 59 &kal QlthAl-Mohanna et al., 2023; Allegri
etal., 2018; Hong et al., 2014; Jung and Hwang, 2021; Yeo et al.,
2014; Yeo et al., 2014).
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Fig. 4. Effect of Hongyoung on apoptosis in SNU-80 cells. (A) Annexin V/Propidium iodide (PI) double staining assay detected by flow
cytometry. The cells were treated with Hongyoung (500~1,000 pg/mL) for 48 hr. (B) Relative amount of FITC-Annexin V-positive (apoptotic)
cells. Data represent similar results from three independent experiments (¥, P<0.05 compared with untreated control). (C) Western Blot
analysis of (cleaved) caspase-3 and (fragmented) PARP proteins in SNU-80 cells. The cells were treated with Hongyoung at the indicated
concentrations for 48 hr. (D) Relative protein expression of cleaved caspase-3 and fragmented PARP. Data represent similar results from
three independent experiments (**; P<0.01 compared with untreated control).

Atk T3 MMP-2 2 MMP-92] f-7x} whe 9 ol
2 AAE T =2 dxle] A gds ElEgith
29 FEES HY3FF S Wl apoptosis 7] WAL Al
hya

A7} FrefusiAl S71skS ™, apoptosiseh wHEE T
caspase-3, PARP2| W& okS- elgto 2y 2o 28 =
3l apoptosis7} X P& A3t T o=, o)}
22 ATAIE SNUS0 A4 A T

FE=o Y aAE Glsiglen &5 oleh 2 A
gloll ik F7HAel as B 71 Aah 98 d sl
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