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Effect of Tetrodotoxin on the Proliferation and Gene Expression of
Human SW620 Colorectal Cancer Cells
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Tetrodotoxin (TTX) is a natural neurotoxin found in several species of puffer fish belonging to Tetraodon fugu genus

and has been reported to affect processes such as proliferation, metastasis and invasion of various cancer cells. However,

it was not revealed which genes were influenced by these reactions. In this experiment, it was examined in human SW620

colorectal cancer cells. The proliferation of SW620 cells was significantly reduced when treated with 0, 1, 10 and 100 uM

TTX for 48 h. It was confirmed using Annexin V-propidium iodide staining that some apoptosis was induced. Differentially

expressed genes (DEGs) affecting cell proliferation through RNA sequencing (RNA-seq) were selected. The expression

change of DEGs was confirmed by conducting quantitative real-time polymerase chain reaction (QRT-PCR). As a result,
the mRNA expression of FOS and WDR48 genes was found to be increased in the 100 uM TTX treatment group compared
to the control group. On the other hand, the mRNA expression of ALKBH7, NDUFA13, RIPPLY3 and SELENOM genes
was found to be reduced, and in the case of the ALKBH7 gene was identified to show significant differences. This

experiment suggests that TTX can be used as an important fundamental data to elucidate the mechanism that inhibits the

proliferation of SW620 cells.

Key Words: Tetrodotoxin (TTX), Human SW620 colorectal cancer cells, Cell proliferation, Differentially expressed

gene (DEG), RNA sequencing (RNA-seq), Quantitative real-time polymerase chain reaction (QRT-PCR)
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orel At A 5o FAR o R Qls) Brh v
A7 RS 3= 3bgo] = Q3kcKCeelen et al, 2014;
Dariya et al., 2018).

Hojo 2 4el7l tetrodotoxin (TTX)S Tetraodon®] =
o] &l &ol= BY Fo| HolERiE Ty e HA
A=, UEF o2 Ao AdAl= g4 vt
(Hagen et al,, 2008). 17Fell theh TTX O] HAAAFk2 of
10,000 MU©|H, o]3= °F 2 mgoll 3]Ed%=]= %] thNoguchi
and Ebesu, 2001). ©1A ¢ TTX3= Izte] AHE 4 Abg
o o]g AHme| WEo|Xul Fawe] Aol =gt
A% G e Aow deA 9thLyu et al, 2000;
Marcil et al., 2006; Gonzélez-Cano et al., 2021). T3t thsh
el gk Ma AFES S8l TIXVF hAlEe] 52,
Aol B 5o HFEC FFE vtk Aol A=
] ATKCho et al,, 2015; Yang et al., 2017). ©]<} TjE-0] o]
g A S Hosks UEF o2 Afde] F3ldA &
glak7] 9igh A+tEo] AA & Foll UTKXiao, 2014).
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Tetrodotoxin (TTX)

TTXE Abcam (Cambridge, UK)oIA F43}3] o,
sodium citrate (BioShop, Burlington, ON, Canada)E pH 4.8,
20 mMe] T2 3%} Hiaol] £3A1A doZ bufferdl]
=] 10 mM 5% AFgNE THEITE Tzl A7gl
2 aliquotd}e] 20CollA B3}

M=

SW620 AM|E= b= A 523 (Seoul, Korea)oll A T+

lo] Aol AFEFFATE AlEE 10% fetal bovine serum

(FBS, Gibco-BRL, Grand Island, NY, USA), 100 units/mL
penicillin 2 100 mg/mL streptomycin (Welgene, Daegu, Korea)

o] &-f-¥ Roswell Park Memorial Institute 1640 (RPMI 1640,
Welgene) HIA| S AFE-8ko] 37T, 5% CO, 2712] A|Eu|%F
71ellA HjFslAth SW620 AEE o]-83 AL 4
et el e]e] Aot AlS l(KNUIRB-2022-
03-010)S okttt

MTT assay

MTT assay+ CellTiter 96" Non-Radioactive Cell Prolif-
eration Assay Kit (Promega, Madison, WI, USA)S A}8-5}1
o1, Lee & (2018)°] AR&3F WS AN At} Y
SFITE. WA, 12} v el A A2 AIEE 96-well cell culture
plate (SPL Life Sciences, Seoul, Korea)ol] 2><10* cells/well]
FER seedingdto] 24417t FF v ST AMAE7T plate
o Fatud wjx|E A|AsAL, TIX7L 0, 1, 10 2 100 uM
°of FEE FHrE MEE wiAE H7keto] 48413t F<t
Hi sl let. wi < 48412 Foll ThA] wiA|E AlA8EAL, A
22 1% 50 uLe} dye solution 15 pLE F7}8ke] ThA|
AXZF Fot ks TE. 1 &, solubilization/stop solution
100 pLE 2t wellell 7FsE o 1A &9F 712 vl
3131t} SpectraMax M4 microplate reader (Molecular Devices,
San Jose, CA, USA)Z 570nm2] 3o SH4=E 54
Fo=n SW620 A2 T4 Aiteksith

Annexin V-propidium iodide staining2 3} apoptosis

22t

t}eksk FACS 714 % annexin V-propidium iodide staining
WS- 53l apoptosisS ¥2}3ITE 23S eBioscience™
Annexin V Apoptosis Detection Kit FITC (eBioscience, Ltd.,
San Diego, CA, USA)E AR&-ate] Waqlnt WA, A=
= 6-well cell culture plate (SPL Life Sciences)oll 2<10° cells
fwell2] FEZ seedingdto] 24417t B0t vttt AlE
7} plateell 2= o4& AASkL, TTX7F0 2 100 M
o FE= e MEE wiAE H7keto] 48413t F<t
vkl itk 48A1%F 59t v g 5 M3EE harvestdt
o dalitelste] s #1718}kl Dulbecco's phosphate
-buffered saline (DPBS, Welgene) 2= A& F3J3}3iTh
21 %, 1X annexin V binding bufferel] F--A171 U3 annexin
V FITC®} propidium iodide staining solutions 37}8+ 5
Aol 158§ W-SAIZT WAL Al 3= BD
FACSAria II (Bectom Dickinson, San Jose, CA, USA)S A&
3} annexin V-positive apoptotic cell2] H]-&2 =73}t
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Table 1. Information and sequence of functional primers for qRT-PCR

Genes Sequence Tm (C) Product size (bp) Accession No.

F: GGGCAAGGTGGAACAGTTAT

FOS 60 138 NM_005252.4
R: AGTTGGTCTGTCTCCGCTTG -
F: TTGCCACTGTTACAGGCAGA

NDUFAI3 60 119 NM_015965.7
R: AACACAGACTCCCCCACCTT -
F: GCAGAACTTGATGCTGTCCA

RIPPLY3 60 159 NM 001317777.1
R: GCCTCTAGCCTCTGCACAC -
F: AGAGGAAACTTCGGACCACG

SELENOM 60 128 NM_080430.4
R: CGGCTCTCAGCAAGAGAAGT -
F: AGAAGTACAACCGAAATGGAGTC

WDR48 60 169 NM_020839.4
R: ACAATGTCGTTTACCCAATCAGT -
F: GGCTTCCGAGAGACAGAGAA

ALKBH7 62 171 NM 032306.4
R: GCAGAACTTGATGCTGTCCA -
F: CTGCACCACCAACTGCTTAG

GAPDH 60~62 108 NM 002046.7

R: GTCTTCTGGGTGGCAGTGAT

RNA £2 9 sequencing &4

RNA-seq= #13 100 mm cell culture dish (SPL Life
Sciences)oll 210° cells/dish®] == A|FEZ seedingdl 5
24A)17F FF HFE & A7} dishell F-2EE wjRE
A AL, 48417 EF 0 E 100 )M =] TTX7F $hHr
H A= A E bkl v eItk 1 vk, AlREE
harvest3+ §- H4lite]ste] S A7k, DPBSE Al
25 218§} ). Total RNAE TRIzol” Reagent (Invitrogen,
Carlsbad, CA, USA)E AH8-38to] FEa3lem, ofo thgh
A7IME #2412 LAS Biotechnology (Seoul, Korea)oll 2]]
sto] FaPsoith

qRT-PCRE £3% mRNA 23al 24

Total RNAY 919} sdgh 2702 AELE agst &
TRIzol® Reagents A}-g3te] FE319ITE F5¥ RNAY]
%9} =%+ NanoDrop 2000 spectrophotometer (Thermo
Fisher Scientific, Waltham, MA, USA)% =4 &}31t}. iScript™
cDNA Synthesis Kit (Bio-Rad, Hercules, CA, USA)E A&
3lo] 500 ngQ] total RNAZH-E] cDNAE A3l om,
PowerUP™ SYBR™ Green Master Mix (Thermo Fisher Scien-
tific)2} 0.4 pMe] 7154 FA el tigh So]4 Zefo]w
E& A83td 20 pL9] reaction volumeoll 4] qRT-PCR-
A&silek. AR-FE ZetolmSol] theh YR Table |
o AJAIEFAT}. F41-2 Applied Biosystems 7500 Real-Time

PCR System (Applied Biosystems, Foster City, CA, USA)E
AHg-ate] a8l ALKBH7 RS A)9)3h dubz el
qRT-PCRO| Whg 2718 v gtk %7] WA 50T
ol A] 24, 95CellA] 23 & WATA 95TolA 15%
At} AFGA 60Tl 15 T4 403] wHE- ALKBH7
frAA}e] qRT-PCRE] g 272 thga Aok 7] W
A 50Tl A 25, 95Tl A 28 F WA THA 95T
A 15% D AFA 62Tl A 309} A1 72T
A1 30% 24 403] WHE T A9 B oslelapse] 24
2 95CelA 15%, 60TClA 13 2 95ToA 1525 3
gatlom, #Al e FHAES] mRNA HE-S 13}
3l7] 913+ 71202 GAPDH +3AAFe] HAS A4
itk dlg fFAbEe] AulA 9 mRNA Hd-e 24
WS ARgske] ALkt

S 24
BE AFEL A WA s Jgsigion, oo gt
I G+ FEAKSEM)E AT TTX 74 8

2 3

(2T TTX A2l 7H] ZFe]= SAS software ver.
9.4 (SAS Institute, Cary, NC, USA)2] FAHEA(ANOVA), &
HEAE RS (GLM) 2 Duncan s A S A-8-3H4]
A8l om, Pvalue?t 0.05 MIWH A4 BAA SR
onjsittar A4St =¥ = GraphPad Prism ver. 7.0
(GraphPad Software, San Diego, CA, USA)S A&-3ko] 24
ESa=g
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TTX7} SW620 AIE9] 3 o1
A3l TIXE 48417F &<F 242F 0, 1, 10 2 100 pM ==
2| gt & MTT assays 8Pkl em, 71 235 Fg 19
AAIBIATE SW620 MIEZS] T2 1 uM FEll4 88.35%
(P<0.05), 10 uM =4 8536% (P<0.01) 2 100 uM &
oA 74.56% (P<0.001)% FEoEX o= fofu]st/|
HaEE Aow gRIFArh

TTXS] Aol 2 SW620 AEL] F2jo] FAaE= A

120 -
100 4
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Fig. 1. Effect of TTX on the proliferation of SW620 cells in vitro
using MTT assay. SW620 cells have cultured with 0, 1, 10 and
100 uM TTX for 48 h. Data are expressed as percentage of 0 pM
(control), are the mean % standard error of means (SEM) of three
separate experiments. *P<0.05 vs control, **P<0.01 vs control,
**%P<0.001 vs control.

o= FRIEA7] wfitoll MEZ2e] 727} apoptosis®]
29} Aol 918 Aoz 7| =*] annexin V-propidium
iodide stammg 3T 48417 FoF TIXE 0 2
100 yM 2] -5 28k & annexin V-positive apoptotic
cell 59 H]?—EE %xé's]"}i‘:}. tzwtol] BlEl 100 uM 5%
o] TTX A2]aoll A apoptosis”} A1 4HEl MEE2] HE-S
5.205%°11 41 6.605%=, apoptosis’} = o] = AXE
o] HIE-L 7335%0014 823% = F71EE Ao R el
Aok, Fefmgh 2poli= b4 A THFig. 2). Wb,
TTXS] 2] apoptosisE =38 SW620 X2 F4
o @S mA7E= AR o]tk thE HAY S
oJgt JgS ¢ Hol W= oz Husle] RNA-seqs
YFoz TIXE Aeside Al Yo AFedd
7 (differentially expressed gene, DEG)E-S &2135}31IT}
27 TTX A2 79] RNA-seqe B3l &<l -3
A9 25 F 1938970 T) ©] F, g-value < 0.019] %
AelA F 16709 Fom|gk zto]& UEbi= DEGE©]
olE Ak izl HIs] 100 M FE=9] TTX Al
oA 5719] “dFZH =)= DEGE(FOS, ZFAND4, FAMSAI,
WDR48 2 ZC3HAVIL)Z} 11719] 1% H %= DEGE
(HBAI, CAMK2B, CCDC88B, RIPPLY3, ALKBH7, TMEM?256,
SELENOM, NDUFAI3, HBA2, CLDND2 2 TNNI2)°| +-2]r]
g apolE UEhlE Aoz ZQ1E ATK Table 2).
ek B DEGE g 734 252 7](gene ontol-
ogy, GO) 7I's wA1& X3g A3, DEGO| 53 Ao
957 GO term< biological process®] 7-$- 'oxygen
transport', 'gas transport', 'hydrogen peroxide catabolic process',

‘antibiotic catabolic process', ‘bicarbonate transport', 'response to

TTX (uM)
A 0 100
=1 =
1 1.735% 7.335% 1.895% 8.23%
o 2]
[} H daas .
= E G R
8 | § oy N . R “ﬁ
i
§ w o = W,
k=)
5| = : 4
i 5.205% . 6.605% Fig. 2. Effect of TTX on annexin V-positive
=) r B4 T ety —v—v-veveny apoptotic cell numbers in SW620 cells. SW620
100 10" 102 0% 10¢ "10°  10' 102  10°  10° cells were treated with TTX (0 and 100 pM)
FL1-H FL1-H for 48 h. Apoptosis was measured by annexin V
P and propidium iodide double staining. Apo-
Annexin V ptotic cells were analyzed by flow cytometry.
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Table 2. UP- and down-regulated genes in 100 uM TTX-treated SW620 cells compared with control

Official gene

symibol Full description Log2FC P-value g-value
Up
Fo g 0 oSt omors oo
T e T
i oty i s sty e
WDR48 gﬁiﬁ?eﬁgﬁé’ ?;rﬁgol;Acc:HGNC:309l4] 1.008 0.00005  0.00295
ZC3HAVIL [Zslgflrfigﬁrc}%cccsliymtyg’:lfg’?;ag‘é’l%gggzg% I like 1.648 0.00025 0.00976
DOWN
HBAI %{Szrgfcil:(ﬁgll\?ébél;ri;gg;hzi:c:HGNC:4823] 3312 000005 0.00295
CAMK2B gﬂiﬁ?ﬁéﬁg‘é‘;ﬁbﬁpﬁg@ﬁgﬁfi‘;é“l‘]]ase Tbeta 2,189 000005 0.00295
RIPPLY3 gggg;ﬁgggg‘;ﬁéﬁisgéN C:3047] -1.039 0.00005 0.00295
ALKBH7 I[ASlcl)(lllgrche(?ﬁlg}lI(\)l%;Syrnbol;Acc:HGNC:21306] -1.027 0.00005  0.00295
TMEM256 gﬁ‘ﬁgﬁ%ﬁ‘&%";ﬁgﬁ ;2A5c6c:HGNC:28 18] -1.014 000005  0.00295
SELENOM [Sséﬁgsﬁtgilgé\/l Symbol;Acc:HGNC:30397] -1.01 0.00005 0.00295
NDUFA13 I[\é‘gffe‘ﬁl’g;‘go;;gggliii‘g“gésﬁé“}’;‘f;;‘]*13 -1.007 0.00005  0.00295
HBA2 %{szrzfcgelzﬁgléébggggﬁczc:HGNC;4824] -6.617 0.00015 0.0068
CLDND2 [Cslgﬁfcnelsl(glﬁg SC;Igﬁiorii;rzﬁg:HGNC:ZSSH] -1.392 0.00015 0.0068
TNNI2 Troponin I2, fast skeletal type -1.128 0.0002 0.00832

[Source:HGNC Symbol; Acc:HGNC:11946]

inorganic substance' & 'hydrogen peroxide metabolic process'

7}, cellular component2] 73-%-o| = 'haptoglobin-hemoglobin
complex', 'hemoglobin complex', 'endocytic vesicle lumen' 2!
'cytosolic small ribosomal subunit'©], molecular function®] 73
-0l &= 'haptoglobin binding', 'oxygen carrier activity', 'oxygen
binding', 'molecular carrier activity', ‘peroxidase activity' 2
'oxidoreductase activity, acting on peroxide as acceptor®. &t
A= ATkFig. 3). AIRE 2 AR oJH FHAE
of g WPt AlETAe] AlE FiEsheAE Ble)

= Al TS T el Fefr@ 2polE HEh

= Ao ¥ 16712 DEGE T wdo] S7HEAS
Al AZSAE &4 A7l AR 43 FHAKFOS,
RIPPLY3 2 SELENOM)®} MXES218 AN T|=
Ay 2 F-HAHALKBH7, NDUFAI3 2 WDR48)Z 183}k
% RNA-seq 472 1Z317] 98] RT-PCRS 7 a3}
Fa=g

TTXE 0 2 100 pMo] F%=& ]3] gRT-PCRS %
a5t A}, Fig. 49F 50 AAIE vle} o] RNAseq 27}
S} FALSHAl FOS 2 WDR48 31 4Fe] mRNA 23S =
7t A o® RIS, ALKBH7, NDUFAI3, RIPPLY3
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Fig. 3. GO functional analysis of DEGs
in SW620 cells. GO analysis based on
the treatment of TTX (0 and 100 pM) for
48 h was performed by g:Profiler ver.
0.6.7. The 10 singular enrichment analysis
terms related to biological process (red),
cellular component (blue) and molecular

0 10

-10 log (adjusted P-vale)

2.5 4

2.0 4

1.5 4

1.0 4

Relative mRNA level

0.5 4

0.0 -
0 100

TTX (uM)

WDR48

24

Relative mRNA level

0 100
TTX (uM)

Fig. 4. Quantification of the mRNA profile of up-regulated genes
in RNA-seq. SW620 cells incubated with each concentration of
TTX (0 and 100 uM) for 48 h. TTX exposure affected the mRNA
abundance of certain genes in the cells. The mRNA level of both
genes was normalized to the GAPDH gene. Data are expressed as
the mean £ SEM. All experiments were repeated at least three times.
**%P<0.001 vs control.

20

30 40 function (green) are presented. All adjusted

statistically significant values of the GO
terms were -log10 converted.

9 SELENOM -71Ate] mRNA #d-2 74

i,
r>4 rr
s,
(o
i

AT}, W3, ALKBH7, FOS 3 WDR48 -4 #ke]
Azrel A frefnd Afols Uehlle slow 291y
oo},
SW620 Aol TTXE A3ls Al AlESA o] oA
Arh= A8 994 (Xiao, 2014)8} FALSHA B AelA =
MTT assay 23 HEZF2A 0] JA|E]= Z oz Sele Tt

(Fig. 1). 3PAITE, MZ2Z2S JAlete wAUE2S RNA-
seq?t qRT-PCR Z 3ol A= 7 gshA] HEhA]
ohek, ol gk Ayt vEhd o= B AReA xﬂi—?
A& A= AR 1% WDRS 4] 715l
NEZAS 34 A7)= Zow 8l¥l ALKBH7 2 FOS
AR 7e R o A A& g A 4
Aol eJaiAzE obet oY Jhe] s e] HjFA o
2 2837 wiE] o s ddEnt

AEAo R TTXS A= ATF SW620 tlget Alze]
A& AATIE o &3t 9lom, o]l AlEFA e
A= WDR4S Fr7dAke] Hd S7HE 3 apoptosis<]
Fr A A, thE wAYF o g =A4

qugq_

o)o)
& XA

m?L' oR _12 OlN

w}aw TTX7} SW620 A|3ES] FA ol JFS mA]=
HAUSS AgetA gael7] feixe 55 B o o
&3t DEG w4 2 mRNA®} Tl oA o] ikl ¥
ks F7H4Q1 ARES Bl Eelske #do] 28
Aoz A7 Egh B2 o] o]F Ul H F4
g 7| 2AR 2N S8E S Aog AlgdHrh
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