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Abstract

C-terminal tensin-like (CTEN) is a protein that regulates cell migration. In
normal cells, CTEN is expressed at low levels and primarily localized in the cytoplasm.
However, in cancer cells, CTEN is overexpressed and found predominantly in the
nucleus. Current studies suggest that CTEN may influence the activation of the NF-xB
signaling pathway. This research investigates how nuclear CTEN in cancer cells affects
the NF-kB pathway and the mechanisms of migration and cancer progression. Our
results indicate that in experimental groups where CTEN is expressed in the cancer cell
nucleus, there is a significant increase in NF-xB transcriptional activity (p-value <
0.05). Compared to the control group, cell migration ability increased approximately
11-fold. Six genes associated with inflammation and carcinogenesis were selected for
gPCR analysis to evaluate their expression in relation to CTEN levels. Findings show
no significant positive correlation between nuclear CTEN and the expression of these

genes. This study continues to explore the role of CTEN in influencing the NF-xB



pathway and its relationship with epithelial-mesenchymal transition (EMT).
Understanding CTEN’s interaction with genes in these pathways may reveal novel

targets for cancer therapeutic interventions.
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(- ) C-terminal tensin-like ( f§ # CTEN) 39 &

CTEN 3 % ¥z« (focal adhesion) + tensin F-v # 32%d ¢ — (4§
Z) cAFHIA-FITLiwmeEwme B Ead s € UATE S L RDE
fn¥e #%# < A §-v B AF £ 1 o Tensin family &_i= © focal adhesion 3~
2% > d Tensinl -~ Tensin 2 ~ Tensin 3 = Tensin 4 (7 CTEN ) #7% 2 o & 3
B §F e > CTEN % & # 3t mee %" P AR E R B WA T
oo xS pme? SCTENFR P RS SNEAEE P 225 8 Ak
e aime 0 (Hongetal, 2019; Liaoetal., 2009 ) o =3 imPe f5 ) i
CTEN ¢ #%& = flwiz i@ #2228 5y 4 (Liaoetal,, 2009) - & p % & A By f%
PR IR o
BEN (focaladhesion) _ ——

LI I A

B - -~ focal adhesion % tensin family = % -+ & (Paietal., 2017)

(=) Nuclear factor kappa B ( #§ # NF-xB)
NF-xB &4 T B Fv o1 ¥+ 725 > ¢ 7 p65 (RelA)
RelB ~ c-Rel ~ p105/p50 (NF-xB1) ¥ p100/p52 (NF-xB2) » # # #2%  ~ &
Flls~ e k= ~H A 285 % o NF«B $&ran & @8 § 25 canonical fr
alternative = £ /2 » # @ 3 & % canonical pathway @ 4B = o # BT € < 3| 5]
B X F A4 hiwmie gk (cytoking) 12 & B4 g S 0 # @ d [kBa s
p65 % RelA ‘e = 77 1kB complex #- 1xB kinase #fis v » 38 i% T kv fadll

(proteasome) "% % o B AR (B R A 3 e B0 ¥ & kB complex 4 & g2t



E i NF-kB AL d > RaRE Rk fiie » medn? > it—- %2 DNA S S >
T3 T 5 %14 3 (Vallabhapurapu and Karin, 2009) -

i@—iﬁﬂz“:}%ﬂ:’ 4 3F S mpimie P O LR T NF«B % 4T 5 oyl fg o
Gldo* B~ FU% >~ R~ F BB S (Curran et al,. 2002; Gao et al., 2007;
Kim et al., 2003; Ni et al., 2007; Sun et al., 2007 ) - ¥ 4 = i &9 NF-kB ¥ J% ‘m
ey E R WA G T FE S AL e B¢ (epithelial mesenchymal
transition ; EMT ) @ &_# w84 (Xiaetal., 2014)
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= "NFxB= & @ @7 2B (kK Wiki)

(=) CTEN%t+ %ime s BH 8 agn+
- dpimre @ CTEN 3 230 4b¥Foa» a3 A ydpdi A Hkwied i
CTEN ¢ ~ € # R . 'wm?# $ 0 (Liaoetal,,2009) - ¥ - =7 me gL
pF > 41 % nuclear localization signal (NLS) %3z CTEN - & % % 3 NLS-
CTEN 3t fm?z 3B 45 27 =8 a4 ﬁﬂ%fgﬁﬂg k¢ % > wild-type CTEN (2
2017 5 7% »2019) o pteb > p e ik B X Foplere and £ FS 2 e g
41> v# 3 CTEN 2 # 3% (Hungetal.,2014) - %7 Bpmid
CTEN~ 2 & 7]+ 02 w2 ek k7 %7 B 0 o



() F%4FiTE* 7> Lz (Western blotting) % 447 35 7 >
T CTEN thi g ; £ M EF LA 2R > ~f L AL E AN
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Six bk
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(1) %7 @& HEfrmep? 51CTEN #2504 R4 P o 54 %

%€ Bt w2 A (Next Generation Sequencing ﬁé H# NGS)
G s PER L B A AT S e hp AT o 2F¥F L L qPCR -
H A4 P HRAFI AL F F iR CTEN 2 EV & ~ (%R
CTEN % A % * fm% 5 2. WT-CTEN ‘212 2 (3)* R4 CTEN 2 # * fw
%2422 NLS-CTEN &2 » o+ = BR % e? i mE o

BNy T
(- ) #7% CTEN #3227 NF-kB i /5 chbd 1%
(=) #:4CTEN timee ? % b ehils % =% %3 NF-xB ﬁ%jf‘_év’ﬂ%fg{i
(2) #Hitwred? CTEN L3 354 NF-kB B2 5% w2 il 5 4
() #Fitiwre i ? CTEN $+0 4 7l
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1. DLD-1: * #f+ % & % tk
2. pNF-«xB-Luc: # 3 3/ €482 NF-kB % & B 7|crad+ » & L[4
k% % 2 F] (firefly luciferase gene, Luc) /5" %8 DNA
3. pcDNA3-myc : # 7 myctag 7% %2 DNA
4. pcDNA3-myc-CTEN : # 3 CTEN & %] pcDNA3-myc 5 2 DNA
5. pcDNA3-myc-NLS-CTEN : # 3 nuclear localization sequence (NLS) 2~
CTEN A #]: pcDNA3-myc 5 1 DNA
6. + %1 DHSa
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Lipofectamine 2000 et ek
transfection reagent ( Fetal Bovine Serum, FBS ) (crystal violet )
High glucose DMEM 1X PBS :
(e & A ) (Phosphate buffered saline) trypsin-EDTA
. Dual Luciferase Reporter Assay System
2 a
i (methanol ) (Promega, E1910)
Serum-free working solution
KLERSE e (serum-free ‘w#z 2 % /% 22 Matrigel 2 25 : 1 fie = )
¢ % Sample buffer
iIScript cDNA Synthesis Kit gPCR machine
vl RNA spin mini (GE Healthcare, 25-0500-71)
(Z) % EH
Birx 1.5mL eppendorf S THE L LR
A FE e 5% 4 JERE N ST oo s
R AR, 2 54% > Transwell T AT
RGN R AL UVP 220§ % % P1000/p200/p20/p2 pipetman
Ak g2t R AR nanodrop (AZHE 4 £ £ &)
Hedz 3N F k04 Sk 1d el ik (Luminescent image analyzer, LS-304)

(2 ) gPCR 31+
E
¥ i3 B ~
&5 i (mer)
PTPN22 F: 5 -~-ACAACTGTGGCTGAGAAGCCCA -3’ 22
R: 5’ -GTAGCTGGAATCCTCATCAGAGG -3’ 23
TGM2 F: 5 -GCAGTGACTTTGACGTCTTTGCCC -3’ 99
R: 5 -GTAGCTGTTGATAACTGGCTCCACG -3’
PLK2 F: 5 - CAACAATGGTGCTCACATGAGCC -3’ 93
R: 5’ - GGAGCATCTGTTGCTGGGAAAAC -3’




(T ) Western blot 2

— = Al 1 F i i
Anti-Myc antibody Mouse 1:1000 ~ 4°C ~
(Cell signaling, #2276) overnight
Anti-a-tubulin antibody )
(Sigma, T6074) Mouse 1:5000 ~ RT ~ 1 hr
Anti-PARP antibody Rabii 1:1000 ~ 4°C ~
(Cell signaling, #9532) y overnight
= kAl ot F R iE
Peroxidase-labeled affinity purified
antibody to mouse IgG (H+L) Goat 1:10000 ~ RT ~ 1 hr
(KPL, 474-1806)
Peroxidase-labeled affinity purified
antibody to rabbit 1gG (H+L) Goat 1:10000 ~ RT ~ 1 hr
(KPL, 474-1806)

EN

T

(" ) émné#BF5§?15ﬁ :

1.

2.

e A BN D A A Bk ek DLD-1 & » 3 10% ¢ fetal

bovine serum (FBS) ~ 100 units/mL penicillin ~ 100g/mL streptomycin

high glucose (4.5¢/L) Dulbecco's modified Eagle medium (DMEM) # » £

#-H 2z 37°C 7 5 5% CO,eim™2 33 & 4 o

e A

(1) ** DLD-1 im¥ k% & 70-90% PFit 7 4 4 o

(2) ** 100ul serum-free EMEM #+1# 1ug 7 4% DNA (pNF-xB-Luc f- pRL-
TK) = 12 100uL serum-free EMEM ### 5 ul Lipofectamine 2000
transfection reagent (Invitrogen, 11668-019) -

() ¥t Zm12a 3 LI(VIV) R E323 > E Smine

(4) t=3v45 9 4o r 20Ul F iRIR £ 3% 0 2k 3 37°C e 8 &



S ) R A E R
1. BSA v FHEW 5

1)

P~ 10 pg Bovine Serum Albumin (BSA) ¥ 1.0 mL 1X PBS fie #] = k&
B :10mg/mL s ARk o £ iR e 2 e d w o
oo MR 5 o L - T o

# - ~BSA 9 THRER R

% 3| PR RMA | 1XPBS buffer E R
B 120 pLA 7% i 1080 pL 1000 pg/ mL
C 400 uL B 7% i 100 pL 800 pg/ mL
D 300 uL B 7% i 200 pL 600 pg/ mL
E 200 L B 7% i 300 pL 400 pg/ mL
F 100 uL B i3 i 400 pL 200pg/ mL

) &

3)

Bt FME Y 2 B~-Fipe & 5l > £ 4~ reagent A (dk 127
FRARA R ) % reagentS (o HEA ) 0L (VIv) iR &A= 5 25
ul > B 78 4 ~ 200 pL reagent B (ﬁrf%m#&wﬂ | ) sk 15 min o
B R GARR R R E ODG50 s sk i 0 I - R R 2 vk sk
B TR AT 0 S BSA B9 FRRE M -

2. F9 FEP2 IE

(1)

(2)

3)

o AmL 1X PBS B % fmve 32 & 45 - 100 pL 4 ~ Cell lysis buffer » 12 m
? 3ty B e I U pipette - A8 2 e rdkfc > 1.5mL
eppendorf {4 » 2z » k457 30 min o

A 4°C ™ » 12100009 4~ 10 min » #-F=d iR A 3 AR
eppendorf o & 963 JH P dF P 2 r b ik 2pul 2 18 ulAg¥ok o f
4v ~ reagent A % reagent S 12 50:1 (V/V) iR &%= 25 ul 0 B fS e ~

>

200 puL reagent B & =& 15 min o
et g _Fé/\"c’lbfﬁp‘l‘/?lﬂ OD650 = & 7 » T 14 LL‘EUE"‘,‘J‘_,% v %ﬁ’
/Ei)i'}q* %/\}E; %&E}"Eﬁa‘/\—; ij\ QE °

10
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3. B FRHMT A

1)

(@)

) &
1.

MBIk B AR K3 30pg kv BOTE 2 AR
o T #-F-9 R A 2 2x sample buffer (100 mM Tris pH 6.8, 4%
SDS, 20% glycerol, 10% - ME (mercaptoethanol), 0.2% J4.f= & % 42 % -k
>+ 1.5 mL eppendorf et = %484 198 ug 3% - £ 3%~ 95°C 4o #
10 min -

i 7 % & 10% SDS-PAGE » & B 4& 8 /i 4z k4 7 o -8 43 9% ¥ %
3R AR 0 T 0 T A B (25 mM Tris pH 8.3, 192 mM Gly,
0.1% SDS) » P~ 18 pL ¢t e |45 2. v B & 40 » H &3 0 B AT A
=32 B & 40~ marker 0 2R {6 2 135V iE {7 ¢ 80 min o

= % 2k;x western blotting
#- PVDF 5% 72 »t 100% CH3OH » - s Er ) 5] » 3§ £ % i (25
mM Tris pH 8.3, 192 mM Gly, 10% CH3OH) - A #& e % @ o f &3] 1
o RAETE AN~ JRA P~ PVDF 5 R S A o i
B F gt gEH > 01 04mAEFES Lhro
i & 2 2 e PVDF % > 4e » Gelatin-NET (50 mM Tris, 0.25%
gelatin, 0.15 M NaCl, 5 mM EDTA, 0.05% tween-20, pH8.0) ** £ /& & &
& Lhr o 4e ~ 12 Gelatin-NET 1 2. — Bdadg >t 4° C shake overnight
FE o
v PBST % 10 min £ = =t {$ » 4c » 12 Gelatin-NET ;ﬁ%—%ﬁ 2.2 B
o EFRLIMGE > B EE PBST Ex 10min £ = = o #
PVDF 51 333 £ ¢ » 4~ ECL & ¢ & (Millpore) 12 7% » 353 # &
PVDF %+ » B~dt PVDF %18 12 UVP B2 s Stdp#Es & -

11



(2) B¥XEFERA T
1. FHfP2 &0
(1) #+ B EEFFHRSML ~ 4% 100mL 2 $#22 % 0.1 mL 4 » 48255
o 4RIS AR ik ¥ % % 16 hr - & HiPure Midi Column # 4¢ ~ 10
mL Equilibration Buffer - # % o
(2) #-Fi% 4 40009 &t~ 10 min & 4 » 4 mL Lysis Buffer » = 43 1
X tsE#F % 5min e 4o ~ 4 mL Precipitate Buffer {8 » = g = %3 &
Ik 23R & > A E T £ 2 120009 #ew 10 min o
(3) * pipette B~} i T F i column # - #-column 2§t g o X
4e » 5 mL Elution Buffer - st pFa.c iz b i 48 e 7 DNA © £ 4
» 3.5mL C3HgO # 3 143 » -20 °C 7k 45 % 30-60 4 45 -
(4) #%dA %3 4§ {2400 30min > 2 pipette ﬂf—i Pgig o b
300 pb ~ 70 % JFp 44 15 4s Smin £ 0% 4 e o 12 200 uL TE
(% #=7% 10mM Tris-HCI 2 1mM EDTA, pH8.0) w2 itk X F -
%ﬁ'“’ﬁ‘!“ » 33 20 °C ke o
2. 4 REEZ E 4 45 Dual luciferase assay
(1) m#& F PBS Eikin®e » £ 4 » P~ p Dual Luciferase Reporter Assay
System (Promega, E1910) 2. 1X Passive Lysis Buffer 200 uL » »* %
B THRAERNBE F e ulk o 12 pipetman Jx § fmiE Tk £ e fE T
*+ 440009 &~ 10 min
(2) 2963 2 FPH P s x 20Ul wre R AR > £ 4o xR R
Luciferase Assay Buffer Il z Luciferase Assay Substrate 50 uL - = =r
F kST RIREFTRRE > FRFET LT i Y F UGSk
(firefly luciferase ) a1+ o £ 4c » Stop & Glo medium (Stop & Glo,
Stop & Glo buffer) 50 pL & = Frrs % 5k 2 sk i p| &R TP > ¥ £ F
B & o7 dmre ¢ oR2 4 Sk AE (renilla luciferase ) eiE 4 o

(3) £ &= = o 2 excel (FHlE T RAEA T -

12



(+)
1.

B a4 AT
#-tm e e 12 Serum-free 32 % % 3 Bk & 5 5x10% $gmve [ mL o

te 24345 ¢ 4o~ 54 10% FBS 2 'z 32 % i 800 uL » £ 2 » 8 um
transwell - B~ 250 L ;8 & 353 chiw?2 /% ¢ » upper chamber » » & %
50 CO,~37C w2 & 457 > 124 24/ pRisBd) o
K,!rt—i upper chamber 2 24 344 @ w3z &% > 4 » 35 20%
methanol 2. 0.5% & & % 700 pL & > *x ~ transwell »* ¥ 8 F % ¢ 30
min
™2 PBS i o I - transwell p ] iim e 12 fﬁ. ?tﬁs-;—ﬁﬂ,ért fe p R h 3z °
rAR % 3a T > BARET 12 Imaged #F B4R (7 w3k o
RNA & 37

RNA 52 7 §

(1) %' %k » 4 PBSSML s = {5 » 4 » 1.5mL PBS 12 fm¥
Ptk e 2 e o 102 2009 #ew 5 443 R R

(2) 4c » 350 puL Ral + 3.5 uL B-ME ' vortex ;& 3 {8 #-2 ;% # 2 purple
ring nucleospin I 1z 11000g &t~ 1 4 45 ©

(3) & & purplering » 4 » 350 uL 70% ethanol pipetting 7 =% - #-% % &
# 1 blue ring column & vz 110009 &t~ 30 #) ©

(4) 4c ~ 350 uL MDB - 12 11000g &t~ 1 A 48 > # 2 #7 tube {4 4 » 95
uL DNase reaction mixure (rDNase : reaction buffer for rDnase=1:9) #
¥ 15 445 -

(5) 4 » 200 uL RAW?2 12 110009 #t.= 30 #; > 4 T &7 tube £ 4r » 600
L RA3 12 110009 %t~ 30 §; > £ # 1 &7 tube {5 4r » 250 uL RA3 » 14
110009 &g~ 2 4 48 » B {4 #-column # I nuclease-free collection
tube -

(6) ** column ¥ « 4c » 40 uL RNase free H20 » 2 110009 .~ 1 4 45 >
PUEF tube poRRE TR 7 b iE2 RNA o

13



(7) #- RNA f% & AR A Kk R RIE kA& 5 - 2 250 ng/ul
2. RNA 7 &
(1) Tt~ WA L@ 3% s kY 15448 -
(2) v #f#82 6ul RNA (1500 ng)% 6X loading dye 2uL + DEPC -k
(Diethyl pyrocarbonate) fiz 8 RNA & » o
(3) 4 0.24g Agarose powder + 20mL 1IX TAE + 2 uL SYBR e & 7 A% >
v~ B (IXTAE) £t B well 4e » 12 uL RNA f& * £ 7 &
(4) 12 UVP 8 ifs 47 & 3eriu RNA &8 o
3. cDNA @ #
(1) 4 20 pL tube 4c » 4.8 uL RNA & & ¥ 4c » 1 uL transcriptase ~ 4 uL
5X reaction mix ~ 10.2 uL nuclease-free H20 -
(2) i kit3k T RT if 255 30 ~ 415 > #h & 1330 -200C k4 o
4. %€ PCR (QPCR)
(1) *~ 96 3  fc& %344 ¢ 4c » 0.5 uL cDNA % & ~ 7.8 uL nuclease-free
H20 ~ 0.6 puL gene ~ 10 uL SYBR -
(2) 4 CEX connect # B:& {7 =& PCR o
5. DNA #&
(1) p BT E S H L - FBAFIZ A o
(2) r 0.4g Agarose powder + 20mL 1IX TAE + 2 uL SYBR iz & 7 A%} »
v » B e (LXTAE) & 3t= B well 4c » 20 ul 2L 14~ 2 4 pul 6X
purple loading dye & {7 7 /& °

(3) 14 UVP ®ifm 47 % 5 47 DNA &0 o

14



50 LB R

-~  Ft R CTEN A DLD-1 fwme ¥ a4 I
BR e »u 5 EV, WT,NLS :
W EV A7 T M 3% F kL CTEN
B WT-CTEN: # 7 *tR{E CTEN % & # 3> m¥e
W NLS-CTEN : %574 % NLS A& 7] > ¢t} CTEN 3 # 3 e
(- ) #liFBSA 3i Fi§ 4 4
BT RY FL AW o AP TFs2 8 39 (Bovine Serum Albumin,
BSA) 2 & d % > 4B~ o

T

0.2
‘ 0.168
016 y = 0.0002x + 0.0074
R*=0.9921 0iias
0.12 . 0-11'3"-- |
i’E{ - .
2
0.08 ‘:.-0.'6'7'7
0.04 l___',.o:ohs
0
0 200 400 600 800 1000 1200

R (ug/mL)
Bl ~BSA v FeE® (I 'F'ﬁ,‘”fu‘g)

PR TR EMZ RPES 09921 B MMEE o SHFIT Pk
= i‘f@;ﬁ:rr\,k)i"‘l‘ v ’Fﬁ’ﬂ » B N3 Bi‘xé‘.rr_g»n ’Fﬁ' -E‘ °

ARG R 2 B a0t 3y [Tk R A R i
FNX%%@%OD%W&%@ﬂﬁ’ﬁ@”%Eﬁ?@%}é?ﬁ%
BodeTad =z v d2 o WP ERFEOOUg I FRERRY £
£ 2 sample buffer fe %l = % A & * hd-d Tk & o

15



2o LR hman kB RRER

EV WT-CTEN NLS-CTEN
a2k 0.162 0.19 0.139
v R i ik
i R ER 19325 22825 16450
(ug/mL )
2z s LRk e T (cy) 2 e (nu) Sk BB Rk A
WT- WT- NLS- NLS-
EV(ey) | BV | creN (ey) | CTEN (u) | CTEN (ey) | CTEN (nu)
sk 0.1470 | 0.1085 0.1520 0.1090 0.1070 0.0860
5 R R
5 R 6o 5055 7230 5080 4955 3930
(po/mL)

(=)

o> B LS 7P kv CTEN

1. P~4& 2 4 3R« empty vector (EV), WT-CTEN, NLS-CTEN 2. DLD-1 !m?z
Wiha b o B & E 18 L » 27 39 F 7 A % Western blotting
R - R

EV WT NLS
kDa
Myc —— -— =75
a-tubulin -— — 63

B~ - DLD-1m% k¥ #jRfs CTEN 2 3R (e p #1F)

(1) B-7° 4k MycH =R s & CTEN 23L€ & &Fh a-

tubulin 4§ = & IR ELL T 9 SRR IRE 0 5 e b
marker » ¥ 5 @ iE 2 chd B A% kDa L EEAF R o
(2) tMycsI4m BV d AR R CTEN LS - & WT-CTEN 2

NLS-CTEN 2 # £ CTEN % 4 P BE 4 5 20 2 B3 # Ap 2 &

16



2. B-i F ke iE T e F(Cy) ~ dm n(nu)A BEenR A 2 Western blotting
A5 4eBl N o Bl Y o-tubulin &tz B marker » PARP L e

marker » ' 3 R SiEE et B AR o

EV WT NLS
Cy Nu Cy Nu Cy Nu kDa
MyC — — 75
o-tubulin — —_— — — 63
PARP — S— — (35
——

B~ - DLD-1 % k¥ #h iRt CTEN 2 £ 30 (iFF A p fi¥)

(1) % o-tubulin 7% % ‘w2 & marker 14 2 PARP i% 5 fm%e % marker (%
BT oA AP B%REFATEY 5 atubulin BLE T AL B2 me
B (cy) > PARP et 5L A IR & o P2 % (nU) ©

(2) B¢ > Myc i % s NLS-CTEN 2 % 4% cheh s
CTEN % 3 & < ** WT-CTEN 2z CTEN e £ 3 & » ¥ EV % £ ZL*h

AL CTEN » 23 %W & o

17
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