Rt 8425 TRTFRLFIRD FFHT T 4

AL~
Institute of Biotechnology

College of Bioresource and Agriculture

National Taiwan University

Master Thesis

B-1,3-L s A fF 5 2 Globo- & 7| FEA i) q 7
A MCF-7 - w3 B 2 phst & & 2 $8 3
The roles of B-1, 3-galactosyltransferasee 5 and globo
series glycosphingolipids in MCF-7 breast cancer cells

migration and adhesion

+ 5 I

Tz-Wei Huang

hEREIREE BL
Advisor : Li-Ying Sung, Ph.D.
PEA R 11l & 87

August 2022

doi:10.6342/NTU202202629



R 32 K2R 23 3L
nRXELBEeELE

B-1,3-¥3 4K #4585 5 & Globo-4 7| &+ & ¥4 A5 H £
MCF-7 3L 4a o 3B A5 S RE M A & 2 4R 5T

The roles of B-1, 3-galactosyltransferase 5 and globo series
glycosphingolipids in MCF-7 breast cancer cells migration

and adhesion

A faE FEE (R08642009 ) 42 B 3L £ % K4 4 M FH 5
R ERZBFE/MBX NEAIIIETA 1l BATHERE
BEL@BR ORI 4FILEHR

oRXE g ¢ %\%K (35 8 34%)
i U L
NG

ook fé%_ %




A AR 3P P 2 E 0 BB RAERA Y ©hHh T o B#H

BT LGB N Aho e - LRAF R - LRk o AP ggeat e o

o
'«

PR R AR R AR PRI UR R AIEB AT FR

Frenph it 7 fp3 ¥ @R g enf B AR E i B RGPERFHAE S LY L

2

FPE CRBELIFE LN LB E L AR KA DA RE B AR N

@ g
4o 5

%
5

¥
Bl s U 2 EA R R

&
FEAFRDEYRFTRETRE LT FREF LR A KRR D7 fR

-3

:%:?;bfk A

e o 2R e EAC B IR (T PRE A e ER L

253
NS R AIFLAE R P AR B A S e LR SR

AE R E S FRE ol fnfl et cAlex chE Y LR F P T

FHRELF TR b fs B fIF g & onme

\;.

W

Ri pogiphsk oy il peht FR T BN P4p

doi:10.6342/NTU202202629



&
FRABE PRTRIEA B - > dF E 9T 10,000 &R E DR
oot ebEE LR 92,000 &E gL SR o RBAT  FORES IS S
BTESRRBLIFAF T HDALERT] X SORpEH (metastasis) #4117 Lk
*4v o pwm A g 4 Globo- i 7 pEAY S5 *q 7 (globo series glycosphingolipids)
P (1SSEA3 ~ SSEA4 2 Globo H & - £ 35 pmie & m o T o0 4 ézgier’ I
F -5 % Pz $k MBA-MB-231 (ER’, PR™ and HER2) knockdown & = SSEA3 &
2% -1, - A ps 5 (B3GALTS) - B ¢ R wre *% <384 (migration)
% pk it (adhesion) i 4 o F gt kAT K F ie - H & F globo series
glycosphingolipids ' & #& # 3842 7 “T4 @ dk & o AFE%K %ﬁ“ d U e FR
MCEF-7 (ER",PR" 2 GR") ¥ i & # 3L B3GALT5 > # 3 MCF-7 72 @E R} &
Wi ingEd > T MFE e A F R b pES F H e 3B 45 2 g el 4 o
$+ 5 % 4577 globo series glycosphingolipids & MCF-7 2 MBA-MB-231 ¢ ¥ i &
F A B eEt R o pb fh s AP IR B £ TR B3GALTS TR endw iz 45 A 4 424
v %‘gr} knockdown & = Globo H %% FUTL i£ = 24 » X ® knockdown & =
SSEA4 tp% % ST3GAL2 » fra iz B4Ry &+ i o it g % 4p7 GloboH h4 31
¥ iv € #ri] MCF-7 fmre 4 a0 4 o 38 k3 > & MCF-7 » & & # 3 B3GALTS
¢ # ! GloboH 2 SSEA4 £ 7.E @ 2 SSEA3 > e &3 GloboH # mE K= ¢
Flime B 2 LR 4 o AFERE RN A B IR wE ALY > Globo- i 7
PEA S R E T v &3 A R ehr a0 L 38— 95 0 f# globo series glycosphingolipids
EFC e AR TR R e E § o B BRI Kk g o

MaEs @ 5%~ B-1,3-L sk AE A x5 - Globo- 4 5|4 i 7q 1 ~ e il
# ~ fwe Bt ~ MCF-7 54 fm % &

doi:10.6342/NTU202202629



Abstract

Breast cancer is among the leading causes of death worldwide. In Taiwan, about 10,000
cases are diagnosed and approximately 2,000 women die from breast cancer per year.
Despite the fact that metastasis is the major cause of cancer deaths, the underlying
mechanisms remain poorly understood. SSEA3, SSEA4 and Globo H are globo series
glycosphingolipids (GSLs) specifically expressed on the surface of breast cancer cells.
Knockdown of 1,3-Galactosyltransferase 5 (B3GALT5), the enzyme catalyzes the
formation of SSEAS3, in breast cancer cell line MBA-MB-231 (negative for ER, PR and
HERZ2), has been shown to decreases cell migration and adhesion. Hence, in this study,
we aim to understand the roles of globo series GSLs and signaling pathways involved
in breast cancer metastasis. By overexpression of B3GALT5 in breast cancer cell line
MCEF-7 (positive for ER, PR and GR), we found that MCF-7 not only exhibits features
of epithelial cells, but also decreased cell migration, adhesion and the expression of
mesenchymal markers. These results indicate that globo series GSLs might have
different functions between MCF-7 and MBA-MB-231. In addition, overexpression of
B3GALTS in MCF-7 impaired cell migration and adhesion, which could be recovered
by knockdown of FUT1, the Globo H biosynthetic enzyme. In contrast, knockdown of
ST3GAL2, the SSEA4 biosynthetic enzyme, would not affect cell migration and
adhesion in B3GALT5-overexpression cells. These data suggesting the expression of
Globo H might inhibit the cell motility of MCF-7. Collectively, our findings indicated
that overexpression of B3GALT5S in MCF-7 promotes the expression of Globo H and
SSEA4 instead of SSEA3. Moreover, only the increasing of Globo H inhibits migration
and adhesion of MCF-7 cells. The globo series GSLs might play different roles in
different breast cancer cell types. Further understanding the mechanism of metastasis

will help us to develop new therapeutic strategy for breast cancer.
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> if & fpiwie 4 £ kTR B (Mao et al., 2013; Neophytou et al., 2021) -

PR amgt EE R - ZAEABL ARG Y Y L FIRF AR e

(bone marrow-derived cells, BMDC) ¢ ##*x VLA-4 §2 fibronectin # 2 4p 3 % >
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S 3 e ¢ i@ BMDC f2% MMPs A & =0 % 4o i3 ¢ ECM > A i3 44 2 o
ECM %]+ ¢ ¢ fpimre o i g p 4 2 = F]3F (vascular endothelial growth factor,

VEGF) -t fﬁ‘m LE ,/%ir'% g B F R imre )AS P2 N 4% (intracrine) 14 B iR fm e 4

h}

£ LR B EG Ao pth s L E s A A It ek R RIN L
gent g4 £ F]5 <48 (epidermal growth factor receptor, EGFR) #ri%ic > R ¢ &
- bR p A e i A R F PRTA A ATA i f AR SR TR
% 1% A (Kerbel, R. Seet al., 2008) o # L gt B4 BF 5 < % ~ WK ~ AFEE
fok 5 -

AR %Y Wi R @SR E A R 2 St (invitro) F%ME RPN (in
vivo) F 5 e Invitro § 1 & ¥iwe cpbiitac 4 B a0 4 2 B4 (invasion)
i {70 T (Wang, L. etal., 2007) - Invivo § &% ¢ 1 & %ﬁﬁ ReFU I fn Fe L~ 0] B
Hk 3% J‘f Wr]Up, Ly R ;ﬁﬁh Fiti e 4 o Rp %ﬁz’ Tk LA TR

‘w2 ch5y 4 (Khanna & Kent Hunter 2005; Fantozzi & Christofori 2006) ©

1-2-4. Globo series pE# 5.3 *q F (glycosphingolipids, GSLs)

GSLs € - fi 4 Mt lm®e W2 & chpgig B 8 e £d kg aprag 2 gnok

#Hehceremide 4p 35 i@ @ 4 & o GSLs & k3t e s b eig i (lipidraft) - %
B e B e B AEL B YR AR L e f g L F S > ik wme Rbar 4 B

WHE > P pirmre s v E G E R GH G TH Y F R R R
* I #8255 GSLs eh4 L8 &2 fm¥e 5+ ek #k &) (Nitta ef al., 2019; Wong et al.,
2019) -

GSLs ¥ » 5 = =~ # : globo-series, ganglio-series v neolacto-series (Duncan et

al.,1976) - Globo series GSLs & — & A3t A $Fizimbe L % Jplmie b > i@ d
e 3y ¢ X3 £4R (Liang ef al., 2010) » Stage-specific embryonic antigens

(SSEAs) & GSLs thT 54 4 4k ia s i mee & % M i3 1 (stemness) ik
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2 - (Hoetal,2016) -Globoseries GSLs 8 2 5 i # § #*74 % > ¢ 7 SSEA3,
SSEA4 {= GloboH (] 3) > H % d pEA S fx Lt & = o g ¢k > globo series GSLs
B - 4 AT A #5587 % (human embryonic stem cell, hRESC) % & » F]t 4
Bl ac &2 2 ac f£ (pluripotency) 7 B & (Henderson et al., 2002) ; #Xm » 735 <

L;%:}F] &) globo series GSLs ™ #% 4 4# SSEA3 2 SSEA4 dk 4 » ¥ 72 ¢ 5] &3
W4 % i 7 ' re (induced pluripotent stem cell, iPSC) =2 it 1+ (Hamamura et al.,

2020) - ",% 7 F i £2 stemness AP BE ¢ 3THP 5 A% kA% § 7 7 3 IR globo series GSLs
ZHAMEEE T AR R p o Blde SR B R s ROR
(Sivasubramaniyan ef al., 2015; Chuang ef al.,2019) - F]* » "ﬁE 1T R FRRE m e
k2 — 0 3F AT I 4 AN E 3 globo series GSLs B imie b oenst iy 0 £ 2
FENL - BARSPE T2 Hiwe o MFEER KT o ana > 4 (Sigal er al.,
2021) -

2016 & - ¥ FT PR B B A R e R B - 24 IR SSEA3, SSEA4
Globo H % globo series GSLs > ¥ SSEA3 4 L& £2 colony 2 mammosphere £
Aja gy 3 I APRE o b ¢k s - MDA-MB-231 12 2 MCF-7 5“ % fm e $R47 » /| &
o B SSEA3 £ & (it lwmie 7 & LR B PR B (tumorigenicity) o
F]pt > SSEA3 430 5 E U hw iz end iz 2 — (Cheungetal.,2016) o %>t
2019 & > Z @RI A E 4 ¢ I SSEA3, SSEA4 fr Globo H % FF % I &5 g fw
"z % e lipid raft 0 & ¥ ;ﬁﬂ # & globo series GSLs =k 42 7% % B3GALTS » 14
MDA-MB-231 &im?e 58 % P 7 B3GALTS 1'% 4 ¢ ¥ 3% 'w*e /% {4 caspase 3 >

Ed g e k- o 7 B3GALTS 7% e ¢ ERFR % 834 - B2 &
Jo e 4 "% X (Cheung et al., 2019) -

7 #% globo series GSLs &' im®e F enk — (LA R > 112 R e i

B & &4 g S AP o U R e 0 S 55 Y 2R

o s of vk o TPt o $ 2021 # - B AT Y P iE T globo series GSLs B ¥ A 4~

doi:10.6342/NTU202202629



SSEA4 = Globo H 4>t Fus8 F Jis c@ % > % ¥| SSEA4 12 2 Globo H it % 2
Fe g nte thiZ € A 2 PR kAR e # ¥ ¥ * (antibody-dependent cellular
cytotoxicity, ADCC) e % &~ J& (Leeetal.,2021) » %5+ 7 SSEA4 12 % Globo H

R ESTS EEN I TR T R
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Inducers
TGF-B, Wint- B catenin, Hedgehog, Notch, BMP, RTK

SNAI112, ZEB1/2, TWIST
Eplthellal Cells > Mesenchymal Cells
Stable Stable
Intact Junctions No Junctions
Apical-basal polanty Front-back polarity

== E-cadherin == N-cadherin

= Tight Junction = Vimentin

Extra-cellular ~~_ Extra Cellular
matrix receptors Matrix

W2 1. W% EMT 4v MET 7+ X, ®
mE i AT R A 0 R R w2 epithelial Hhime 3] i iE ik &
= mesenchymal tPim?s A i > 5 EMT » ot 2] ik 8% 5§ 04 b oo 323845 ~ pbr
MR R BG4 o a B G ) R AT e £ 5 EMT 3 R

B 4245 5 MET (Hill &Wang 2020) -

Figure 1. Illustration of EMT and MET

Cells alter morphology before migration. The phenomenon altering cell morphology
from epithelial-like to mesenchymal-like is called EMT. It promotes cell migration,
adhesion and invasion. Additionally, the process is reversible. it can change cell

morphology contrarily, called MET.
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Initiation Progression

(b) In situ

(a) Normal

\|| A/change  (e.g.)
Y

'y ';Polarity (ZO-1)

| Apoptosis (Scribble)

‘ | Proliferation (Par 6)

=
N

A proliferation ! %

A motility

| A/change  (e.g.)

iAdhesiDn (Cldn 16)
| Migration (JAM-A)
iInvasion (Cldn 3, 4) B

Wi 2. PRz EET LW
LG e d U E ) Ll ST R A ko MK e B b 0 A
Tl e i 2 04 R A A PR g end ot i 4 e F SR e

#HIH s BE 4 =M% (Brennan et al., 2010) -

Figure 2. Breast cancer cell progression
Most breast cancer cells originate from epithelial cells of breast duct. After the
accumulation of gene mutation, breast cancer cell proliferation and metastatic ability

increase, and the alteration promote breast cancer cells to migrate to secondary organs.
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e T
Q0 900 Q)
L] ' T / VA Globo H

B3GALTS <
GB4 SSEA3 ™, -e00,
—
W SSEA4
() galactose B N-acetylneuraminic
® glucose [ N- acetyl-galactosamine
A fucose

W% 3. $* %% R globo-series GSLs & = ]

SSEA3 i GB4 54 B3GALTS 4c } L Lt (galactosamine) *THm & » 2T
Prehglobo H & iz i5d FUTIL 2 FUT2 i SSEA3 &0 galactosamine {8 i& {7 pF
B ig R4 b HE (fucose) #7453 - @ SSEA4 5 SSEA3 /5d ST3GAL2 it {7

P AL it 1 A5 4 b e fe (sialic acid) i m o= o

Figure 3. The biosynthetic pathway of globo-series GSLs
By using B3GALTS, galactosamine was transfer to GB4 to create SSEA3. Then,
SSEA3 was modified by FUT1 and FUT2 to produce Globo H. In other hand, SSEA3

can also modified by ST3GAL?2 to produce SSEA4.
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¥

I
Jrly

3 WUk e i 7 EMT ¥ globo series GSLs %
B3GLATS 2§ %
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2-1. ¥ &

7% GSLs tffpim®e + eh® R A o FIh ARG 5 B AR B AR (tumor-
associated antigens) o P @ @ drigidt GSLs f/fiofe &4 P ehpb i o f i 4 3
¥ & chiv* (Hakomorieral.,1991) - 2 ¢ » 12 SSEA3 ~ SSEA4 £ GloboH 5 &
1 globo series GSLs > 2 H 1 & 34 37 AL 5] B3GALTS » A # & — ehd A lm
koo X P BN U hm i B P enpk 2 B 4 i 4 (Cheung et al., 2016;
Cheungetal,, 2019) « @ FEsr #4118 L i&— HEfE T - % & » EMT ff o
REBA T ERDES C EMT st b R D Rpwmre B a4 oo B
*t EMT » ¢ #x% % % % % %39 E cadherin v N cadherin % L& > 3 i& fw
23t ECM enpbiigae 4 0 3 ¥ " i wre B8 wve 2 [ onde 123 & (Nieto ef al,
2016) - d ** globo series GSLs eh# 382 EMT IR % I 4535 ¢ B 555 My Jw 'e B 4
2 pbiferg 4 0 ¥ IR 3 Frglobo series GSLs eh2 7% &y 183822 EMT 5 & & 4P
R =17 focal adhesion kinase (FAK) 3t %0 /5 (Cheung et al., 2019; Cicchini et al.,
2008) - =T 7 FMpiwfe ¢ globo series GSLs 3 fw® EMT 2. B ¥ i hfd Bif o

FC A SRR AT A e il e e & A 0 § A e TGE-p & 5 d
MAPK £ PI3K % 31554 /& /8¢ 4w i& 7 EMT (Akhurst ef al., 2012) = F]pt » 5
% TGF-B 3%  EMT . % » 44/ /5 1v % 77§ EMT T & (Tianeral, 2017) o &
AFEP o APRA Ry T L AR S e epithelial 2 A F 5L R dw vE
A MCF-7 ¥ > 3834 5 B # 42 ¢ globo series GSLs 2 # 3 & 3 7 & F|B3GALTS

¢1 EMT B B 44 o

14
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e R &
#- MCEF-7 'm¥e pE¥t32 & 3% MEM £ % /& (11095-072, Gibco, United States) -
LR 7 v Penicillin/Streptomycin (1%) (15140-122, Gibco, United States) ~sodium

pyruvate (1%) (11360-070, Gibco, United States) % fetal bovine serum (FBS) (10%)

TMS-013-BKR, Germany) e &n% 32 %+ 5 4 5% CO2 i1 iR 37°C im% 32 % 4 o
y j

TGF-p # % % EMT

#-6 *101°5 iz M- 1) 12 34 4 (353043, Conrning, United States) p % ‘w*2 RL*4
3V R IR B N 2 £ A R 7 1% FBS c2 & R i (7 24 hr w0 AT o
BT 1% FBS # BJd2 (8 st & & N 4 » 10 ng/ml TGF-B (100-21, PeproTECH,

England) i& {7 24 hr EMT 3% {8 Ja B~ fm %% o

R4 ¥

i# * RIPA (20-188, Merck Millipore, Germany) & fm?e ¥ % B~} Jev 10 %

polyacrylamide #% i& {7 7. /4 » ¥ & * PVDF membranes (GE Healthcare, United States)
TR R0 i E o - PVDF membranes /%72 % 5% milkin TBS p % /g 30 min
i {7 blocking T 4r » Ff2c 3 4 °C F PP R o FA KM A MR E A
5O i5 % 0.1% TBST iz X f4e » = B E W 3R o * T
Pro LumiFast Plus Chemiluminescent Substrate Kit (JT96-K002, T-Pro Biotechnology,

Taiwan) &7 & ¢ ¥ ® & * X-ray film f- GeneGnome XRQ Chemiluminescence %’

Gk BB o & * i Bl E cadherin (31958, Cell Signaling, United

States) ~ GAPDH (sc-47724, Santa Cruz, United States) ~ Tubulin (MAB1637, Merck

Millipore, Germany) - Vimentin (V6630, Sigma-Aldrich, United States) 14 %

15
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B3GALTS (MBS9419198, MyBioSource, Canada) - = % #.48 : Goat anti-Rabbit
IgG- HRP (A24531, Thermo, Taiwan) ~ Goat anti-Mouse IgG-HRP (31448, Thermo,

Taiwan) o

LR S R (R Rk &Y

i * % J-v fF (trypsin) # 10 cm # % = (430167, Conrning, United States) ¢'m
it A ¢ R4 2 F @ 5% FBS in DPBS i i #-m e w A o 4o x4 K
B 5% 30min & @ * 5% FBS in DPBS i 5 ik jisime > @ * 0.45 &3¢ (mesh)
R T AR EAbeim e 5 TG % N e A i ik (BDFACSArialll) i {7 % A 45
LR LR o i * e il ¢ SSEA3-PerCP5.5 (561564, BD Biosciences, Canada)

SSEA4-647 (560796, BD Biosciences) % %2 Globo H (14-9700-82, Invitrogen, United
States) - = %348 @ Goat anti-Mouse IgG - Alexa Fluor™ 594 (A-11005, Thermo,

Taiwan) °

3t A
A f ¥ < & * unpaired one way ANOVA 4 Tukey stest » 3@z s 1 it
G h= X EA4F35% > 77 o error bar ¥ d ML F IR o stk F

*P<0.05 ; **P<0.01 ; ***P<0.001 ; ns, not significant °
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23, B %

2-3-1. ## * TGF-p ¥ MCF-7 i& = EMT # #

E cadherin ¥ 3 e 3t enF Wgev > ¥ hwmit B mipid BY g £ 2
4 ¢ (Quanwen et al.,2008) - E cadherin e JLE T 5 1R_% lmie 2 w2 2 en
PI E5E i a B e i de A 4 o d 3t H X F 4 I epithelial cells o
FlptF 7 ¢ % #-E cadherin § = epithelial cells < markers - E cadherin #-v # I
T % (N A fmve iR brde 4 epithelial A i 0 5 EMT 3R % 47 biomarker 2. - -

FHY APp Jau%ﬁ—r* LBl E cadherin eh& & > mritiwme £ F A HFE
EMT -

1945 ATCC 2% » MCF-7 &5 1 % § % ¢

A F & Y 43 o 2 = A
%‘/&é i—wﬁ'&,—» ,%'L’ ,;L\m [EX

<

EMT A #F %7 > ARG Rt § BREMT #4505 2 43 §
P TGF-B # MCF-7 ch EMT % > AP 2303 % 5 3012 % 2% 4 %0
MCF-7 % & w2 TGF-B &7 EMT 3% ¥ - &% %342 (vehicle ctrl) @ » %
§ % e &7 ¢ '8 1 Ecadherin end JLE 5 255 TGF-B AR e w|? » 3% § 4 ehig
€%~ E cadherin ih& IE o Jt S5 ®T 1 %GV i B3 EMT > © ¥ ¢ 3
#1 TGF-B #73 %0 EMT 3 % » 82 28% § F ehij 4c § 223 MCF-7 ehd & > 224
PR G T R A I LR EMT 4p M g % > T Ao @ ok TR 2 %G
Femp A ot O MCFT 33 & ¥ 34 FBS » 7 it H EMT o 24 2 55> 7]
B it 7 EMT 3% 39 % 7 TGF-B Ag2 % » ¢ # MCF-7 fm#e i (7 1% FBS 124
| P IR () 4A) o
AR AL TGF-B 2 £ 7 b a2 B $t EMT 3f Hon 5 g

o B 5% Bt § TGF-B %€ 5 10ng/ml p¥ > Ecadherin % L& 7 #& P g eh™ 5 »
{84 * 10ng/ml 50 TGF-B k& 175 3 Eix it o MT’ P2tk s AR T 48 hr

2 72hro ¥ ESRPEERF L 24hr BF > Ecadherin (h& IRE T % 5 % 0 &7 3% % EMT
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g g (B 4B) o &t 5% 0 A% HEE #1110 ng/ml TGF-B a2 24
hr» i % # MCF-7 i& 7 EMT 35 & chig & o

£ w0 4p B ¥ jedp &) % e 7 EMT FEGAEE T P I we gd R
* 3% 3| e epithelial-like ## % = #  j% & ¢ mesenchymal-like 3] & - += f¥ MCF-
7817 EMT # %18 » FH%BZD % R & he 3 0] B % 2 i meh

A P e ch B B R A AL PER T (B SA) LAY et P L w

14-

e S T & A] i ez % o g #b > epithelial markers % IL & 0T *# 2 mesenchymal
AP eht Ay Ewe EMT ddptho 2 0 L 8- HmiA T +#3% & MCF-7
7 EMT > &3#5% 4% MCF-7 % i epithelial 2 mesenchymal 4p B 328 7
BLIR| o 3Rk 5% & ot 0 % & epithelial #3207 E cadherin T "% 46 %4 ¥ (Fig.
5B, C) ; m i % mesenchymal #%3e ¢ Vimentin % & + = 48 % (Fig. 5B, D) » *

FRER - HEF T A MCF7 %% ¢ # % TGF-B> ¥ & 5 3% # EMT o

2-3-2. TGF-p 3 % EMT {4 MCF-7 jm% p i B3GALTS 2 e ¥

K§ 11

f 74 3 3 MCF-7 fwmve i 7 EMT 18 » &35 4% % ¥ globo series GSLs ¢
M A4Ef2 % B3GALTS to3-v T A =t chd M & ARl 5 % B m 4§ e ie 7 EMT
%1 > B3GALTS # 8 T " » @M MCF-7 i€ 7 EMT p# ¢ #r+] B3GALT5

% I (Bl 5B, E) &% > - #H4F3t & EMT 47 MCF-7 % £ 5 globo

4%

series GSLs # L& chee % o $3% 3 MCF-7 i2 (7 EMT {6 > s dmfe sk o 47 4

i

% B77 SSEA3 ~ SSEA4 % Globo H 4 T2 # 2 § A % c2c % (B 6A,B) o s
% P globo series GSLs ¥ it 22 MCF-7 :&2{F EMT % & B o A X F % ¥ B IR
W, § % % TGF-B 3 % EMT @, %8 » it 1 & * TGF-B % MCF-7 ¢ f i 2 »
I j’:ﬁ d & * TGF-B# ¥ EMT T % 3 B3GALTS & ¥ 9™ ' ¥ ¥ globo series
GSLs 2} %2 5 EMT % ¢ (] 7A) -
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Vehicle Ctrl 10 ng/ml TGF- B

Starvation - - + + - -+ o+
Insulin - + - + - + - +

E cadherin | === -

Tubulin | —

5 ng/ml TGF- 10 ng/ml TGF- 20 ng/ml TGF- B

Ctrl 24hr 48hr 72hr 24hr 48hr 72hr 24hr 48 hr 72 hr

E-cadherin -—— S . —

GAPDH -—--—-———-

W% 4. % MCF-7 ¢ EMT 3 %32 7 B 1
(AYMCF-73 %% ¥ & § % ¢ 5 TGF-p > EMT e o & = L 82 ¢ 3
I A mz’J‘ v & Vehiclectrl fe. %] ¢ ¢ % 3 Ecadherin % IR & "% i€ o gt ¢h 3L § %
hifs 4c § 4] TGF-B 2% E cadherin % & &7 % < (B) i@ * 7 I £ & TGF-
B M EAAPEFFELEMT oo > Leki2? APgFmE & * 10 ng/ml TGF-B i&
7 24 hr e773% 18 Ecadherin 9 " & % > 4 N & 7 3R e wik g E EMT a3 B R

)
= o

Figure 4. Optimization of EMT induction in MCF7

(A) Supplement of insulin in MCF7 medium influences the EMT inducing. Western
blotting shows insulin significantly influences expression of E cadherin in protein level.
(B) Inducing EMT with different TGF- dosage and duration. Western blotting shows

treating MCF7 with 10 ng/ml TGF-f for 24 hr is a better condition.
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W # 5.TGF-p 3% ¥ MCF-7 i£ 7 EMT & B3GALTS # £ % %

(A) # * 10ng/ml TGF-B %t MCF-7 i& {7 24 hr 7 EMT 3 % 15 » MCF-7 % = %
gk enimte A fE o (B) @ * 10 ng/ml TGF-B % MCF-7 i& {7 24 hr 7 EMT 3 %
fg » & * @ > & BEZ 7P| E cadherin ~ Vimentin ™4 2 B3GALTS & 3-v & =t %
¥ o (C-E) ¥ E cadherin~ Vimentin 2 2 B3GALTS5 i& 7 4p ¥ T_& » ¥ * Tubulin
i# 7% (Student’s Ttest ; **P<0.01 ; ***P<0.001) - B] % ™2 means+SD :i& {7

ERooF AP kA Z Pk

Figure 5. B3GALTS expression decreases after EMT induction in MCF-7

(A) The morphology of MCF-7 changes into mesenchymal-like phenotype after treating
with 10 ng/ml TGF-B for 24 hr. (B) After treating MCF7 with 10 ng/ml TGF-f for 24
hr, E cadherin, Vimentin and B3GALTS expression in MCF7 was determined by
western blotting. (C~E) The relative quantification for E cadherin, Vimentin and
B3GALTS expression was normalized to Tubulin and presented as relative fold change
(Student’s T test, **P<0.01, ***P<0.001). Data are expressed as means + SD. All data

are from three independent experiments.
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W% 6. TGF-p # % MCF-7 i& = EMT ¢ » SSEA3 ~ SSEA4 2 Globo H % R

(A) # * 10 ng/ml TGF-B %f MCF-7 i& {7 24 hr sn EMT 2 % 15 » & * i 3 fm %
& P& MCF-7 % @ -1 SSEA3 ~ SSEA4 %2 GloboH # 3L & - Nc : negative control »
(B) & i B~ #& 3 % R SSEA3 ~ SSEA4 11 2 Globo H ehlm?z vt & o ] & 14
means + SD & {7 & 3 (Student’s t-test ; ns, not significant) o #73 i3tk p = = fp

Rl

Figure 6. SSEA3, SSEA4 and Globo H show not significant different after EMT
induction in MCF7

(A) The expression of SSEA3, SSEA4 and Globo H on MCF-7 surface after treating
with 10 ng/ml TGF-f for 24 hr was measured by FACS. (B) The positive cell proportion
of SSEA3, SSEA4 and Globo H was presented. Data are expressed as means = SD.

(Student’s t-test, ns, not significant). All data are from three independent experiments.
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10 ng/ml TGF- p

®
® ® ,
) ° =)
A ]
® @ ® ‘ | ®
24 hr ® 24 hr ¢ @ . B3GALT5‘
1% FBS 1% FBS 1% FBS * Globo series GSL X

Insulin > * Dome-like _— +  Spindle-like
EMT * Epithelial marker decrease
¢  Mesenchymal marker increase

N\

el
\i. \ \I‘

W# 7. %% MCF-7 i¢ 7 EMT  » B3SGALTS5 ¢h4 R E B ¥ 7 ' » 8% SSEA3
1% SSEA4 % RE iR T BF e g
RHEEEA MCF-7T AR 66§ 2 ¢ BB EMT g - 2% 1 T S5

B3GALTS5 e 3£ & ¥ "% 4> 8@ B3GALTS e % & = SSEA3 11 2 SSEA4

hd R FriL OB E e o

Figure 7. Illustration of B3GALTS decreasing after EMT induction in MCF-7

In the TGF-B inducing approach, we found the expression level of B3GALTS is
significant decreased. However, the downstream product of B3GALTS5, SSEA3 -
SSEA4 and Globo H show not significant different. Additionally, we confirmed that the

supplement of insulin in MCF-7 medium can influence the EMT inducing.
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4. 3

m ARG ¢ 3p & B3GALTS 12 2 SSEA3 eh4 JL¥ &y g;tﬁri EMT k3 i 5 %
‘wPz 544 chiy 4 (Cheung et al., 2019) o F]p¢+ » % 7 #£34 B3GALTS £ SSEA3 2
e o > AfTy g L2217 @ * TGF-B & # MCF-7 i 7 EMT ¢nT 5 o %
TREILAE A B E R BT L gk APl At R o PR H AT 0w
T EMTIRG § 44 e lme2 Fend B R 0 ¥ dwie ¢ 18 { 4o inif et
H A& (Smith & Bhowmick, 2016) » #* IR % ¥7 & 325k 3 EMT (8 enid % 4p i o
Pt e £ 3k (7 EMT 08 - B4p 1k 5 epithelial markers # 3 & 9% i1
" % mesenchymal markers % JL& 3 2 (Wangeral.,2016) - E cadherin #4332 %
2_& & e epithelial markers (Theys ef al., 2011) » £2 2_4p & 41 Vimentin RJ4£ 3% 5 2
& & ¢ mesenchymal markers (Zhang et al., 2016) o 7t =% F % » P3| E cadherin
#IE T ' E Vimentin 2 g et 2> R A AT HEMT AR 2w 4 T &k
EMT #p 3 o

izt T SR > B MCF-7 8 272 a4 § 2 %E/,T} € 3 Himre
27 EMT» 1 ® g%i%’{i TGF- ¥ EMT # @84 > 2k @s A=y 9P 3
WL G % €3 F iz i85 EMT ehg % 4p ¢ (Rodriguez-Monterrosas et al., 2018) >
Flt AL BB ARP R FEF R ERK o AL ERY O F Y

DB £ E EMT g2 > Fpt g * 3 )k B TGF-B 2773 b PR ek
Ao KR BEEY FIE T 10 ng/ml TGF-B & (7 24 hr e973% Fra % Bl o @
A2 )]%t‘ » @ * 10ng/ml TGF-B i& {7 24 hr :& 73 ¥ (Ricciardi et al., 2015)>
BHARREEPEL -

w EMT &+ 2218 » 247 7 5 L ¥ B3GALTS ~ SSEA3 ~ SSEA4 12 2 Globo
H % B8 & 7R 20 %% 5ot 828 B3GALTS en& & & "5 > 2 H 7 25:0 SSEA3~
SSEA4 2 2 GloboH % JLE ¥ X3 B F e » ¥ it * & globo series GSLs #h4

R EMT 2. FFix 3 E #0Rf 8|2 o 32 2021 # > Liaoetal., 7% I,?%" 7R IRE
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R 4 3 B3GALTS ¥ it € % £ 54 o % th MDA-MB-231 % JE5* i fn %2 #7A 4

d1 % e AS-B63 %% $hit 7 EMT (Liao, 2021) » @ &= § ki % 25 A 727 4

EARORAGT RN EPHTR DR R M L0 (- BN Fad

BHOAFET M EZF &7 0 & MCF-7 ¥ i & 4 L B3GALTS 12 7 2 B3GALTS
e

21 U mre EMT 2. [ bl B o
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=%

B3GLATS $5* & Jo% #45 it 4 2 B
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3-1. ¥ ¥

eI T [ﬁ%:};—] 41 » globo series GSLs =i 4£fi% 2 B3GALTS * 47008 2 51
FRIEHY 2RERG CHLARELERFRDFFEFIREAPM o 28 o globo
series GSLs ¥ 7™ 5% 3 SSEA3 ~SSEA4 %2 GloboH ’ st %ﬁ d #& ¥_focal adhesion
kinase (FAK)ZU 3Li2 j& 2 B f  fpimie 4 £ ~ BL' 0 2 B P % Rl e %—k gy 3
(Cheung et al.,2019) > % T4t SSEA4 chit R im %4 5 it S oh 2 B 2 4 — =
st > @57 7 SSEA4 en3 A E T a0 N A TRk L 3 IR AL IE 2ok (Aloia ef
al., 2015) - B2 8% - F & F % % % 3 7 B3GLAT5 % globo series GSLs # § %
£ 3] MCF-7 ¢ shEMT R 4> 2% @ 5 3577 3 $545 1 globo series GSLs &2 B3GALTS
T e fRES Y IR EL A o Fp s AT R FAF I B3GALTS shA R E
LF e RPN Rz g o § L > I lentivirus ¥ 5 ff fn#e $k MCF-7 © i B
# 3 B3GALTS » I %8 T R & Pl 4 F & $AFRLIRIGZ m %2 A epithelial
markers 14 2 mesenchymal markers eh& L& » % ¥ ;%%‘ d ELp|4p B¢ biomarkers &
% kiE- H & 7 B3GALT5 12 %2 globo series GSLs #2 EMT 2_ B erfi§ B 4 o gt ¢b »
T A %‘g d wound healing assay !4 # adhesion assay { :&- ## 3 B3GALTS

5Ty 0% BAS BRE AL 4 L BE
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3-2. g2 E

e R &

#- MCF-7 P2 pE't3s % 3t MEM 2 & % (11095-072, Gibco, United States) - i
LR 7 v Penicillin/Streptomycin (1%) (15140-122, Gibco, United States) ~sodium
pyruvate (1%) (11360-070, Gibco, United States) % fetal bovine serum (FBS) (10%)

(TMS-013-BKR, Germany)e % 2 % ** 5 § 5% CO2 e & 37°C ‘% 5 % 4 -

o BB

i¢ * RIPA (20-188, Merck Millipore, Germany) & ¥ ¥ X B0 F-d H > 10 %
polyacrylamide #} :& {7 7. /4 » & & * PVDF membranes (GE Healthcare, United States)
i (7R3N 39 F#Er o & PVDF membranes /% ;¢ # 5% milkin TBS p % & 30 min
i 17 blocking I 4v » FLfE T E N 4°C F I FHER o A KM F L E Lk
i 0.1% TBST gz st & 4e » = Bl 2c g 2 o @ T
Pro LumiFast Plus Chemiluminescent Substrate Kit (JT96-K002, T-Pro Biotechnology,
Taiwan) &7 % ¢ I ¥ & * X-ray film f- GeneGnome XRQ Chemiluminescence #*
/mdD k SL PP ffe o @ % gge Bt ¢ E cadherin (31958, Cell Signaling, United
States) ~ GAPDH (sc-47724, Santa Cruz, United States) ~ Tubulin (MAB1637, Merck
Millipore, Germany) -~ Vimentin (V6630, Sigma-Aldrich, United States) 1 %
B3GALTS (MBS9419198, MyBioSource, Canada) - = % #u48 : Goat anti-Rabbit
IgG- HRP (A24531, Thermo, Taiwan) ~ Goat anti-Mouse IgG- HRP (31448, Thermo,

Taiwan) -
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RNA # B~12 2 RNA F i#&éx

it * Azol (Azol. 200, Arrow tech, United Stated) 3 B~ RNA ¥ ¥ #* RQ1 Nase-free
DNase 1 (M198A, Promega, United Stated) 2 “,/T‘. 7% A1 genomic DNA o = 7 3 B~
RNA {4 * Goscript Reverse Transcription system (A276A, Promega, United Stated)

17 RNA F #4511 JEB~ cDNA -

Real-time PCR

B E P 4c » 20 ng 1 cDNA # ¥ #-cDNA £ Heiff PCR SYBR Green master
mix (11203ES03,YEASEN, China) & ¢ * quantitative polymerase chain reaction
(the Roche Light Cycler, LC480, ROCHE Applied Science, Germany) i& {7k J& o

Real-time PCR 751 3 do¥ithi £ #5 17 #757 o

* § B ¢ * laser-scanning confocal microscope (Leica TCS SP 5 confocal II

microscope) °

XL

% * 4% formaldehyde & {7 30 min ¥ T w? > fie ¥ blocking buffer [z 7 2.5%
bovine serum albumin (A9647,Sigma-Aldrich, United States) ~ Triton-X100
(X100,Sigma-Aldrich United States) TBS /% /%] ° #-%= % $1f8 % blocking buffer
PR AFRRET S 2R o # % TBST FERS e~ o R
f #% ¢ blocking buffer ﬁrﬁ - BPUREF LY 2R S ) pFs @ % TBST {78
# oo & % ihite s 3 ¢ Ecadherin (3195S, Cell Signaling, United States) - = 4w

14 48 : Donkey anti-Rabbit 1gG - Alexa Fluor™ Plus 594 (A32754, Thermo, Taiwan) -

30
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Adhesion Assay

12 34 4 (353043, Conrning, United States) ¥ /& + — & Fibronectin (33016-015,
Gibco, United States) — -] P (& #-4*10"5 cnlm?e fafa >+3L 4% ¢ (242 * FBS
free MEM) > ) PEE e PR o @ % PBS eIt i w o RIS Rk

BAET 2P EA G o o

Wound Healing Assay

i 12 34 4 ¢ (353043, Conrning, United States) f&tg 7*10°5 & ¥ & * 200 pl e
tipiE T HMA W 0~2448~72 | PFiE{TIRT T * image] ¥ P B ehdlam
hAFEFTEE 0 2ARR* W 1%FBS o MCF-7:£7 9% - o fA3- & 238 (A0

-AD/A0*100% > A0 Asded BFE G ff > AlbX P B E M6 ff o

Construction

i¢ * polymerase chain reaction (PCR) i& {7 F#8 ¢ %] i¥ » 5 % ¢ * Phusion High-
Fidelity DNA Polymerase (M0530L, New England BioLabs, United States) #-
B3GALTS5 2 GFP cDNA F 7|83 % % %5 2 FRHH > T B3GALTS & =4
#_ FLAG Tag - # % ¢ * Gibson Assembly Master Mix (E2611L, New England
BioLabs, United States) #-pSIN B3GLATS §*#84 * GFP ¢cDNA & 74% & » £ 7
& * JMI109 Ftk (RH-718, Bioman, Taiwan) #5488 {72c~ o @ 7S @
#* 293T Ming ‘m#z $R 38 {7 }ﬁ‘r-,* FET YR G ﬁ+m[§1}§‘r3* ¥ MCF-7 2 (7 g % o
BHp+a 2 (@™ @ * it mre g & (BD FACSAria lll) i& {7 fm%e & 3 o #
# GEP & Mifumwe (4 5t g %4 o MCE-T) e 32 it o it » bl 5

Yol e 17 97 o
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Bt A 4

z 1

* f w2 € * unpaired one way ANOVA {r Tukey’s test > 2R %k & 1 % &
FR ez X £AFE% > #7F 0 error bar ¥4 ERF L F IR Mg E

*P<0.05 ; **P<0.01 ; ***P<0.001 ; ns, not significant °
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3.3, 2%

3-3-1. & MCF-7 *® i§ & % 3& B3GALTS

7Y #xE 2 1 EF-lopromoter Sk #° c79 pSIN-B3GALTS 548 > & 7 7 i $tlw
e N v £ IRE(TELE > B B3GALTS £ green fluorescent protein (GFP) 2. B &

x

kl
(s

(7 p S8 7 T2Apeptides o Ak 1S T2A Fov Ak p A g7 o Fp L4l ¢
¥ £ 04 L B3GALTS 12 2 GFP 3-v © £ R3L¥ d GFP ehi L E % 3 MCF-7
‘wre ot B3GALTS 4 38 i (7 ip] (] 8A) ©

TR AE%E 2R 4 R B3GALTS k4 th (B 8B-8D) - &2 v g
H4F g4 R MCF-T2 TR 4o %+ A 2 (51 @& % FACS #jis#-3 § GFP
ZMenime (TR A A o MCF-T) 2174 4t (B 9A) - K X Bikst? 7
—g iz ﬁ;;ﬁﬂ FACS » #tdt k en MCF-7 %2 % 3 GFP % 3 (B 9B) ° }t 3R % &

AR 2 # ehd-h i B3GALTS fa#4E » MCF-7 ¢ o 57 {ig- HIFH LT
$ & MCF-7 ¥ & # i & 4 3 B3GALTS » i& @ f B3GALTS th3-¢6 Feni mE e
747 KB P 7§ 7] B3GALTS &3-v Feni mE + 2 3 229 % (K 9C, D) -

FEM PSS T AT AEsk e 5 h MCF-7 ¢ = 7 i & 4% L B3GALTS -

N

3-2.MCF-7°¢ B3GALTS 2 3R£ 2 EMT AP M A FI& 30 £ M2 M

4

b

3

B R % B B3GALTS 8 > A8 % F ¥ MCF-7 chd £ 5y 4 27

14
g

3+ % # doubling time o % % & 1 fwfe 2 £ ¥ @ P &% 3| B3GALTS 4 8
(B 10A-C) o ¢ > hiB R % I B3GLATS 14 % imve 4 fi i (7 gip] o <R ¥
¥ 2 . MCF-7 .84 4 7 B3GALTS i » e A i @ 1 4c = 4 > © fmoe 81 i
%o B s B8 { S BB (B 10A) %0 L i&— % 7 f2 B3GALTS 12 2 EMT 2
FF enfd B4 > A iE R % I B3GALTS {6+ Bl & epithelial (CDHI ~OVOLI ~GRHL?2 -

ESRPI) 4v mesenchymal (CDH2 ~ Vimentin ~ SRSF1 ~ SNALI ~ PRRXI) markers =
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RNA & & L8 chec % SRR B % 7 #7736 & epithelial markers 2 £
mesenchymal markers > %.i% & % L B3GALTS5 {¢ JF’K”‘ BMEaoT s (B 11A, B) -
LiE-H@* LB L 22 F > & ELEBUP epithelial markers ® W &5 &
t4¢1 E cadherin B¥ > 4 fe %3 3 E cadherin &30 F A=<+ F B FT " (F

11C-E) -

3-3. MCF-7 ¥ B3GALT5 # R & } 2 S Rwm 845 2 pbiit 3 T %%

g A7 > B3GALTS ch& REF e S NEARRE 2 @450+ 5 M

(Liao et al., 2021) = |+ » % 7 By j# B3GLATS % MCF-7 845 it 4 cn8 58 » &

B

F
% ¢ * wound healing assay ¥} & % I B3GALTS =1 MCF-7 m*e tki& (718 it

il

4 hipl (B 12A) o 2 % &7 B3GALTS i B % L & MCF-7 il 4 i B ¥
M (B 12B) i d & 1 & 22t v g LB B & I B3GALTS shie %) iE 7 wound
healing assay § & {4 48hr 2 72 hr ‘m¥e 1% 0t G F 3 >R 2 (B 120) -

4 i * adhesion assay ¥im®e phrfac 4 B (TRIE (B 13A) 0 » FRER LR
B3GALTS ¢ ' Mm% photic + (B 13B,C) 11+ %% &7 & MCF-7 ¢ >

B3GALTS eh& ;g + = “,% 7 ¢ #r4] epithelial markers & mesenchymal markers 7

LI 4 GRS s e R pka 4 () 14) -
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W4 8. 2 B3GALTS #RF#

(A) B3GALTS #5 4 EF-la promoter #%#: o 5 7 { * { #Fi#] B3GALTS ## » i
* T2A #- GFP gene i 4% & B3GALTS 4% o (B) # * PCR #- GFP £ pSIN
B3GALT5 47 DNA % £33 - 800bp : GFP » 7200 bp : pSIN B3GALTS flag -
(C) i# * Colony PCR #i#7z3a B3GALTS F#gsrc % » ¥ ¥ 34 5% 2 chff i
e FFm o (D) #* 293T imv fhié- B3GLATS FHe(p4 ¢ %o &2

A ¢ kepd TR E R % 293T e 4 3R GFP -

Figure 8. B3GALTS overexpression construction established by Gibson Assembly
method

(A) B3GALTS5 gene is driven by EF-la promoter. To detect the overexpression
construction easier, GFP was linked after B3GALTS by T2A. (B) Using Gibson
Assembly method assemble B3GALTS gene fragment and pSIN vector. 800 bp : GFP »
7200 bp : pSIN B3GALTS flag. (C) Colony PCR technique is used to confirm the
amplification of B3GALTS construction. (D) Using 293T cell line packages lentivirus

for B3SGLATS overexpression.
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W% 9. & MCF-7 ¥ i§ & % 3L B3GALTS

(A) # * FACS #-4 3 GFP e MCF-7 ‘wm#z j$ w2 # (cellpool) # A grdi &k o &
WE R 4 3 B3GALTS e wj % ¢ 4 wPiE GFP £ L Epk hm® (%4 %
) eFisdd sk o (B) #% ¥ LEMEARAYD ken MCF-7 £33 % 23
GFP:(C) % MCF-7 ¢ i & 4 3 B3GALTS 14 & * & & % 8.2 % B3GALTS &7
Bl E o (D) ¢ * Tubulin ¥ B3GALTS £ (74 & t iz Fip st 2 & » Bl & 2

means £ SD & {7 & 3 (Student’s T test,*P<0.05) o #75 i3tk p = o fb= 7 2% o

Figure 9. Overexpress B3GLATS in MCF-7

(A) MCF-7 expressing GFP is separated by FACS. (B) Using fluorescence microscope
image confirms GFP expressed in MCF-7. (C) After B3GALTS5 overexpression,
B3GALTS5 was determined by western blotting. (D) The relative quantification for
B3GALTS expression was normalized to Tubulin and presented as relative fold change
(Student’s T test, *P<0.05). Data are expressed as means + SD. All data are from three

independent experiments.
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W% 10. &= MCF-7 ¢ i§ & % 3R B3GALTS5 & 2 sm% 3] 5 32 %

(A) % MCF-7 # & & 4 3 B3GALTS {4 » & P& seeding {8 e17 [r P 2L ¥4 72 3
A EFER D B R &I B3GALTS 6 MCF-7 B { % R EX { 28t Lwe o
(B) i * trypan blue (counting dye technique) ¥fim?z 4 £ & B & FELP| - (C) &
A& % I B3GALTS {¢ MCF-7 1 doubling time iZ 7 B ¥ cree % > sk p = S fp

= F % o Bl& 12 meanst SD iE {7 & 3 (Student’s T test, ns, not significant) -

Figure 10. The phenotype of MCF-7 becomes more epithelial-like after B3SGALTS
overexpression

(A) B3GALTS overexpression changes morphology of MCF-7 into more aggregate and
dome at different time points. (B) Cellular growth curves were determined for MCF-7
cells by trypan blue (counting dye technique). (C) Doubling time of MCF-7 show not
significant different after B3GALTS5 overexpression (Student’s T test, ns, not
significant). Data are expressed as means + SD. All data are from three independent

experiments.
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W2 11. & MCF-7 ¥ i§ & % . B3GLATS {2 epithelial markers £
mesenchymal markers T;K,QE F et

(A) % MCF-7 ® i & % 3 B3GLATS _# epithelial markers 2 (B) mesenchymal
markers 7 RNA # JL& "% i< - mRNA & L& ¢ * GAPDH & 7%t » %2
Kp==h=Fk (C) &* 4% ¢ @ P Ecadherin cn& E o (D) & * &
> % 8L:% 478 E cadherin (% L€ - (E) # * Tubulin % B3GALTS & {7 {53 1t
MEFAAHTE Rk P % o BlE& F Y means+SD &7 R IR

(Student’s T test ; *p <0.05 ; **p<0.01 ***p <0.001 ; ns, not significant) °

Figure 11. Both epithelial and mesenchymal markers decrease after B3GALTS
overexpression

(A) B3GALTS overexpression decreases expression of epithelial and (B) mesenchymal
markers in RNA level. mRNA expression was normalized to GAPDH. (C) Using
immunostaining detects E cadherin expression. (D) E cadherin expression level
decreases in protein level determined by western blotting. (E) The relative
quantification for E cadherin expression was normalized to Tubulin and presented as
relative fold change. Data are expressed as means + SD. Student’s T test, *p <0.05,
*p <0.01 ***p<0.001 ns, not significant. All data are from three independent

experiments.
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W2 12. & MCF-7 ¥ i§ B % 3 B3GALTS 8 » MCF-7 e:@& # it 4 "8 14

(A) Wound healing assay 7= % B  (B) % MCF-7 ¢ i /& % 3 B3GALT5 # i *
wound healing assay 4 B fm?e i 45 ic 4 > B FFpB-pr R LS 24 hr ~ 48 hr 22 72
hre (C) & * Image J % (B) ¥ BB &7 2§ » B %2 means+ SD
{7 & m (Student’s T test *p <0.05 ; **p<0.01 ; ns, not significant) o 53k p »

:ﬂ&’f_ '?56} °

Figure 12. B3GALTS5 overexpression decreases migration ability in MCF-7

(A) Hlustration of wound healing assay. (B) Wound healing assay detects cell migration
ability after B3GALTS overexpression and image were recorded 24 hr, 48 hr and 72 hr
after wounding. (C) Dark defines the areas lacking cells (wound area, ImagelJ). Data
are expressed as means = SD percentage wound area + SD. Student’s T test *p <0.05,

**p <0.01, ns, not significant. All data are from four independent experiments.
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W% 13. &+ MCF-7 ¥ i B % 3L B3GALTS5 {5 » MCF-7 ¥ ECM &RE%t it # % %
(A) Adhesion assay T % B » *=xF % ¢ * fibronectin & 7% & - (B) R £ R
B3GALTS i ¥ MCF-7 i& {7 adhesion assay * " p|:& H % ECM ekt # o (C)
&1 PBS wash {& ¥ pEME30 38 & 45 R A Apdm e 38 735 o B4 12 means+ SD i

7 % 3 (Student’s T test ***p<0.001) o %tk p v b= F 5% ©

Figure 13. B3GALT5 overexpression decreases adhesion ability in MCF-7

(A) Hlustration of adhesion assay. (B) Representative pictures of adhesion assay of
B3GALT5 MCF-7 after B3BGALTS overexpression. (C) Quantitation of adhesion cells
per well were counted. Data are expressed as means+ SD. Student’s T test

**%p <(.001. All data are from four independent experiments.
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B3GALT5 lentivirus Mesenchymal markers

/ Epithelial markers
¢
B3GALTS overexpression
B3GALTS Migration

MCF7 Adhesion ‘

WZ 14. 2 MCF-7 ¥ 5 A % 3 B3GALTS # & %84 1 % pbrdit 4 T

i€ % Yo+ & MCF-7 ¢ i & 4 L MCF-7 & % 3 epithelial markers 2 mesenchymal
markers F B F T o JLek s e BT E { A2 WY wmre BB B Rk 4 F
BEF g 1 o

Figure 14. Overexpression of B3GLATS5 suppresses the migration and adhesion of
MCF-7

By using lentivirus to overexpress B3GLAT5 in MCF-7, We found that both epithelial
markers and mesenchymal markers significantly decrease. Moreover, cell colony

shows more stereoscopic, and the ability of cell migration and adhesion decrease.
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4. 3@

& MCF-7 *® i & % 3 B3GALTS5 ¢ > i&- ¥ ¥ epithelial markers 12 %
mesenchymal markers % & & {7 #& B » A7 S & 5% 4 TLE2 2R epithelial markers %
BESR M PR GEE EMT $mre d ke - R 29 % FRT R
mesenchymal markers ch& & » T % 7 035 & H 4r B3GALTS £ & $fimbe i
PTG R 20 L EMT end it o &% - % ¢ 3 % MCF-7 i (7 EMT {4 I #
% IR B3GALTS 22 EMT 2 5 B ¥ chB B o (7 & 1+ i S R & MCF-7 ¥
P B3GALTS ch& L& ¥ it &2 EMT ¥ & ¥ 0B 5% o

L% - % ¢ 3% MCF-7 217 EMT ¢ %3 B3GALTS e B " i {3454
&% ¥ 8P B3GALTS th4 37 it &2 EMT 3L % # iv 4p £ enMET 3 % 7 B |4
B F %Y S B3GALTS 2 2 & MCF-7 ¢ 1 2 » me 3] i 8 67 i o
epithelial-like 53] g * fwm%e Bz VB E P 24> 7 2tdck EMT $ R e §
B At at o Al b o R LS ORES B IR AMET frffanz -
(Sannino et al., 2017) = ¢t > Jgw?% B mesenchymal markers % L& "% ™ » — 4%
% 35 _MET #74 $ 2 - (Birchmeier et al., 1996) » * A8 F 4B R £
T B3GALTS crim?e tRip| € H B & pbvigac 4 ¢ > 3 IR B3GALTS % IR & 3 4v
g% M B i 4 > e RS £ 8 M Y ECM ehpErar 4 o JELE it v
V4R 0 38 B & I B3GALTS ¥ iv iB_#% 5 J% w2 tk MCF-7 & 7 7 3¢ i1 MET i
RoVRAEBPERT e 4 Mo

EAmAT Y P F IR B3GALTS chd B F R me B AR G M " BA
7. 3. B3GALTS ¥ wc € HEEF\ Mg m¥e i2 (7 EMT (Liao ef al., 2021) o gt ¢ » ¥ -
fo ¥ gt P # $8 2 B3GALTS 04 IR ¢ WUE S Ry iw e 845 2 phifenic 4 (Chuang e
al.,2019) ° #Rd k=X F %A B B3GALTS end 2 EMT % & B > ¥ &
22 EMT # s 4p F s MET 3 78 8 o ¢t ¢b » B3GALTS # 3R ¢ #r|m?e 184 2 L

perin 4 o B R A AT A R AT Y B RS BT hlwre A
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{ ik >t mesenchymal like 7 MBA MB231 5 g m?e $ko @ A2 B &_i¢ * MCF-
Todpfz. T A B R e ko ¥ H e {5 v 3% epithelial-like 3 A o
2B B3GALTS 2 PRGN Hole k@ H P Vi@ 2 ek 4
B3GLATS ¢4 I % epithelial 5% % ¢ ¢ S 3¢ ¥ i& (747 12 MET &R § » &

DY B AR BT R AR A L R G- R R e
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R

$ sk m®% ¥ globo series GSLs # it ¢hiF 3t
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4-1.

o}

e ok FEA PR ¥ ERplerr ez - o d YR B ¥ AR ehpERR L -
2Ry mie foG o FIY 0 BIRG 5 HA S 5 LR Ie R & F e R iR e
(Reisetal.,2010) -4 454 g eiki= ;5% % 7 > globo series GSLs 57T #5 & 4= Globo
H @ G4 ¢ (TR o o L8 R A ¢ ;ﬁf d anti-Globo H ekl % 3 B &
JEH v (Danishefsky et al., 2015) = F]4* » 7 % globo series GSLs f 5" Jf m? ¥
P TEE{ LR oW - R &P G T %8 RE R £ R globo series GSLs
ch b R 4% B3GALTS € #3 MCF-7 88 it 4 &2 phiian 4 %8 > e
AP R % 5 278 e globo series GSLs & # JF'f MR KIre 57 L B- HaFE
globo series GSLs & MCF-7 ¢ & iy » 8% 7 £ i & 4 R B3GALTS - MCF-
7 ¢ pLip|H SSEA3-SSEA4 17 2 GloboH 14 B8 » 3 &8 & £ 3 B3GALTS
T g H AL SSEA3 A ME > F @ A T4 5 SSEA4 11 2 Globo H
ZIE A o 2R A TR £ IR B3GALTS 18 > ¥ s '«‘iﬁ%ﬂ iZ_iz SSEA4 E\Jﬁ
Globo H £ & + = #352 MCF-7 enB i 4 Bpbotac 4 " - 5 7 Fa>r 0 f2y
e by RO F S P F o AR BB A & TR B3GALTS ¢ MCF-7 # &
w4+ 4] # SSEA4 ## Globo H 9% % ST3GAL2 » 4 %2 FUTI i& {7 knockdown » #
H %‘gr} #43 SSEA4 2 Globo H =& s » % 3tip| globo series GSLs ¥ 7 4 eh4

o€ ' K m e B LR REs e 4 o
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e R &
#- MCEF-7 'm¥e pE¥t32 & 3% MEM £ % /& (11095-072, Gibco, United States) -
LR 7 v Penicillin/Streptomycin (1%) (15140-122, Gibco, United States) ~sodium

pyruvate (1%) (11360-070, Gibco, United States) % fetal bovine serum (FBS) (10%)

(TMS-013-BKR, Germany)e % 2 % ** 5 § 5% CO2 e & 37°C ‘% 5 % 4 -

LR

% * 4% formaldehyde & {7 30 min F < w* > fic ¥ blocking buffer [z 7 2.5%
bovine serum albumin (A9647,Sigma-Aldrich, United States) ~ Triton-X100
(X100,Sigma-Aldrich United States)7 TBS /%3 /%] ° #-4= % $1f8 % blocking buffer
PHBRL RFREEFET 2 | PEeR S o 8 % TBST i (7RS4 » > @ *
fF % ¢ blocking buffer ffrf# ch= sfdfiie (74 4 TEA ) pFo i@ % TBST &7
o i@ * i B diAl 3 ¢ SSEA3 (MA1-020, Invitrogen, United States) ~ SSEA4 (14-
8843-80, Invitrogen, United States) ~ Globo H (14-9700-82, Invitrogen, United States)-
= B3k ¢ Goat anti-Rat IgM-DyLight™ 594 (SA5-10012, Thermo, Taiwan) ~ Goat

anti-Mouse IgG - Alexa Fluor™ 594 (A-11005, Thermo, Taiwan) -

RNA 3 B2 32 RNA F f#éx

iz * Azol (Azol. 200, Arrow tech, United Stated) % P~ RNA I ® #* RQI Nase-free
DNase I (M198A, Promega, United Stated) “ﬁ% 7% A0 genomic DNA o = 74 f& B~
RNA {4 & * Goscript Reverse Transcription system (A276A, Promega, United Stated)

17 RNA & &1 je P~ cDNA -
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Real-time PCR

A% F g7 4o~ 20 ng e cDNA 7 #-cDNA ¥ Heiff PCR SYBR Green master
mix (11203ES03,YEASEN shanghai, China) T i * quantitative polymerase chain
reaction (the Roche Light Cycler, LC480, ROCHE Applied Science, Mannhein,

Germany) :i£ {7 5 J& ° Real-time PCR 131 3 4otk % 2 17 #77 -

LR S R (R Rk &Y

i * % J-v fF (trypsin) # 10 cm # % = (430167, Conrning, United States) 'm
PR AT P fRE > BFR Y 5%FBSin DPBS # e #E-lw e w R o 4r ~ Ar i
£t * 30min ¥ & * 5% FBS in DPBS % ek ik jisim?z » 1 * 0.45 é& 3% (mesh)
WBig T AP IEAbme > T F RN e & i R (BDFACSArialll) i& {7 fmve & 47
LR R o i * e il ¢ SSEA3-PerCP5.5 (561564, BD Biosciences, Canada)

SSEA4-647 (560796, BD Biosciences) % %2 Globo H (14-9700-82, Invitrogen, United
States) o = %348 @ Goat anti-Mouse IgG - Alexa Fluor™ 594 (A-11005, Thermo,

Taiwan)

Adhesion Assay

f 12 34 % ¢ (353043, Conrning, United States) & !+ — & Fibronectin (33016-015,
Gibco, United States) — -] FF{s #-4*107S chimPe fife >+ 3L 4 ¢ (2427 * FBS
free MEM) » # % — /] PF & fm?e pEYE o @ % PBS kit im0 RS Bk

GApHET ¥ B A G e i o

Wound Healing Assay
t 12 3L 4 (353043, Conrning, United States) » fate 7¥10"5 1 ® & * 200 ulh

tp EFHMA B2 0244872 | FE{TIpRI 2 * image ] ¢ B ehd]m
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hAFEFTEE 0 AR * W 1%FBS o MCF-7&7 9% - o fA- 8 231 (A0

SAD/AO*100% > AO : As4e® B M5 45 0 Alib % ¢ B A5 4 o

ST3GAL2 22 FUTI1 knockdown

g% ¢ &y e 17 ST3GAL2 shRNA (TRCN0000035636) (TRCN0000236093)
12 % FUTI shRNA (TRCN0000036075) (TRCN0000036076) «‘Isﬁi ¥+ MCF-7 ‘m?z
BETRL o EARY 7 e Polybrene (TR-1003, Sigma-Aldrich, United States) % e g

A o B ZAiweis i * Puromycin iE {7 w7 & iE o

* F % ¢ * laser-scanning confocal microscope (Leica TCS SP 5 confocal II

microscope) °

Bt o4
A fa# % i@ * unpaired one way ANOVA {r Tukey’s test » {808 S 'y 3 % i
(A ez S EAF IS T errorbar o HRIE L B R Bt 0B F 14 ¥P<0.05;

**P<0.01; ***P<0.001 -
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4-3. %%
4-3-1 iR % B B3GALTS ¥ & <% SSEA3 ehi R B ¥ = 1

SSEA4 4 2§

WEREARY LA L 2 LA £ B3GALTS 1 MCF-7 Mwmee i+ | £
SSEA3 % # T 551 SSEA4-Globo H % JLE < 8 % % ¥ # I 4 6 & 4 I B3GALTS
i > SSEA3 th B ¥ m:c % (B 15A) > % a { T #%:5 SSEA4 - Globo H #r }
P oEE < (B 15B, C) o { i&— #H # & * FACS A 47 SSEA3 ~ SSEA4 2 Globo
H 04 ¥ (B 15D,E) > &% k7 4 3L SSEA3 thim®e b (|7 @ g ¥ ia % ()
15F) » 2 4 3 SSEA4 shimz v 3% 5 7 4.02 & (B 15G p<0.001) » % 3 Globo
Hehkmre b b3 5 5 11.97 & (B 15Hp<0.01)> 2+ £ 2% I 5 7 4 globo series
GSLs e}t #4224 B3GALTS #R& F 2 pF > Jupliwe v iy { M @Wiad {

T #:1SSEA4 fr GloboH @ 7 ¢ 1§ & SSEA3 iz ¢ B A4+ -

4-3-2 iE R % IR B3GALTS & %|¥r#| T #p% % ST3GAL2 & FUTI1

¥

kR %% % BT B R A R B3GALTS & 0 #im%e 3 i 2 fwte 845 22 pE S A
4 ig & enat 2t B3GALTS 4 4 SSEA3 » & ¥ it .4 T ¢ SSEA4 & ¥ &
Globo H = & 7 f i€~ % hmga b i & Fl5 gt BB mpld > 22 & 4 7
B3GALTS & MCF-7 im#e k¥ - & * shRNA %%l SSEA4 gk 2k 4 4 fis
ST3GAL2 » 2 i Globo H <k #4845 ¥ FUTI & {7 knockdown » % 3 £ d ' i<
SSEA4 2% Globo H Ap B 1§ #h 4 45 % % *% i< SSEA4 % Globo H sh# E » i
M FE3RiE B 4 T B3GALTS 1 & 428 85 . n v 41 07 MET 4| fi :x % 9 globo

series GSLs & f?—‘ﬂk 0
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p e 4ofl]id Globo H enBf 422 % 5 FUTL 22 FUT2» &R a » ¥ 2473 ¢h
Fempme 2 gtk ¢ A Rizd fipE Ak (Changeral,2008) - 7 & & 3#
B LR = MCF-7 b globo series GSLs 4p B fi¥ % 04 3 > % % &7 MCF-7 fn%e ¢
# . W SSEA4 1 ST3GAL2 %% > @ @ i Globo H «n % 3 i B3] FUT1 B4
A% end I (B 16A) - Tt » At F e % ¥ T4 4% SSEA3 T ¢ ST3GAL2
% FUTI1 i {7 knockdown (8] 16B) - #4i & % I B3GALTS 5t g fmve & W] iE {7
ST3GAL2 2 2 FUTI i {7 knockdown & » :#% 5 R & ST3GAL2 % FUTI
RNA £ R& > j€ Rl ¢ ¥ # RF| ST3GAL2 2 FUTI £33 E % 3 & ¥ chen™ '% (R
17A, B, p<0.001) > &% % & 257 7 = # 2 = knockdown ST3GAL2 %2 FUTI
e MCF-7 m% $k o i& {7 ST3GAL2 * FUTI knockdown {& & %] ggLip] MCF-7 ‘m¥e
# m SSEA4 %2 GloboH # L& » % % % 77 knockdown ST3GAL2 2 FUTI ¥ 11 =
% 4 SSAE4 11 2 Globo H 2 L& (B 17 C-F) o ot ¢ » fm% chA i & @ P &5

g1 (B 17G) -

4-3-3 fiE B % R B3GALTS 7 MCF-7 # knockdown FUT1 & ‘w

238452 B 4w

AR5k & - ¥ knockdown ST3GAL2 %2 FUTI1 7 MCF-7 m e $ki& (7 & 43 a0
4 2 phrgay 4 Rl 0 A > 1538 wound healing assay kB P B A5 A 4 o
KR Iy mre B #F ik~ 24 hr P > knockdown FUT1 # MCF-7 ‘=% &
W cid B AR RO e B F 2 5 R @ knockdown ST3GAL £rit § & ¥
i % (B 18A, B, **p<0.01) o g #t » ¢ & * adhesion assay #f knockdown
ST3GAL2 % FUTI 1 MCF-7 fm? th A W] pIiE 2 443 ECM enpb¥tic 4 P& > 5%
45 7 § knockdown FUT1 1MCF-7 fm*e kLot it 4 § & % chsif +c (@] 19A,
B, **p<0.01) o } i % % % % M7 7 knockdown FUT1 ¢ ¥ % if A % R
B3GALTS &7 MCF-7 &% thi8 45 2 photcnic 4 3 #rw 2 (] 20) > o4 % 5 % 4 a3
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Globo H # R & et 2 7 iy § 18j¢ Jw¥e 32 {747 10 MET eime 3| g 4 > &
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W4 15. & MCF-7 ¥ iR 4 7 B3GALTS {4 ¥ i SSEA4 4r Globo H % £
=1

G4 B & MCF-7 ¥ i & 4 7. B3GALTS 4 (A)SSEA3 218 &/ &
e i (B) SSEA4 4= (C)GloboH # % P &g+ 2 o (D) & MCF-7 * i & %
7. B3GALTS 74 & * FACS pLip] SSEA3 ~ SSEA4 fv (E) Globo H # MCF-7 m*%

o i RE - (F)(GH) &

it & * FACS giplté 7 # 3 SSEA3 ~ SSEA4 §r
Globo H im?2 - B] % 2 means+ SD £ {7 & 3L (Student’s t-test, **p <0.01;

*#%p <0.001 ; ns, not significant) o #7§ 3tk p = = fp= F % -

Figure 15. SSEA4 and Globo H increase after BSGALTS overexpression

(A) After B3GALTS overexpression, Immunostaining shows the expression of SSEA3
don’t have significant different, but (B) SSEA4 and (C) Globo H expression increase
(D) (E) The expression of SSEA3, SSEA4 and Globo H on MCF-7 surface after
B3GALTS overexpression was measured by FACS. (F) (G) (H) The positive cell
proportion of SSEA3, SSEA4 and Globo H were presented. Data are expressed as
means = SD. (Student’s t-test, ***p <0.001, ns, not significant). All data are from three

independent experiments.
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shFUT1
bp
B3GALTS 129 '
~
ST3GAL2 181 U eeey
e ., 80 ‘
‘\I\Orl BGALTS /T»O/‘ A Globo H
B4 -
FUTI 137 G SSEA3 \,1 |
o W goEA4
FUT? 177 .
I
GAPDH 146
shST3GAL2

W4 16. MCF-7 ¥ % % 3 FUT2
(B) #* (1%) ¥ %% MCF-7 % ¢ 1 B3GALTS ~ ST3GAL2 ~ FUTI *
FUT2 ¢ cDNA &7 %% HO 'm2 k5 b Mgr 418 Ne 5 e pirdle - (B) ¥

¥ & 4 R B3GALTS 59 MCF-7 4 %]:& 7 FUT1 2 2 ST3GAL2 s knockdown o

Figure 16. MCF-7 does not express FUT2
(A) Illustration of knockdown FUT1 and ST3GAL2 in B3GALTS overexpression
MCEF-7 cell line. HO cell line : positive control. Nc : negative control. (B) Agarose gel

electrophoresis (1%) of PCR product of B3GALTS, ST3GAL2, FUT1 and FUT2 genes.
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W% 17. 4i8 R % 3 B3GLATS & MCF-7 ¢ 4 %] knockdown ST3GAL2 7 %
FUT1 ¥ 3 SSEA4 2 GloboH # £ % %

(A) A % knockdown ST3GAL2 % FUTI i » i * 4p % %8 % ST3GAL2 2 (B)
FUTI i& 7 @B mRNA enk 38 @ * GAPDH i 7% it o (C) 4 %] knockdown
ST3GAL2 %2 (D)FUTI {3» @ * i3\t kP £ MCF-7 £ & 7 SSEA4 2 Globo
H #3m& - (E) £iEW ™ %73 £3 SSEA4 2 (F) Globo H éim®z it 5] - (G)
knockdown ST3GAL2 2 2 FUTI & ‘wm®s 3| i & P B e % - #73 B % /2 means+ SD

i# 7 % I (oneway ANOVA, **p<0.01; ***p<0.001) » 53+ kp = b F 5% °

Figure 17. Knockdown ST3GAL2 and FUTI in B3GALTS overexpression MCF-7
cell line

(A) The relative percentage of gene expression of ST3GAL2 and (B) FUTI after
knocking down the respective genes in B3GALTS overexpression cell line. mRNA
expression was normalized to GAPDH. (C) The expression of SSEA4 (D) Globo H on
MCEF-7 surface after ST3GAL2 knockdown was measured by FACS. (E) The positive
cell proportion of SSEA4 and (F) Globo H on B3GALTS overexpression cell line after
ST3GAL2 knockdown. Data are expressed as means + SD. (Student’s t-test, **p,0.01,
*#%p <0.001, ns). (G) The morphology of shAST3GAL2, shFUT1 and shLacZ cell line.

All data are from three independent experiments.
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B % 18. i B % 3 B3GLATS 7" MCF-7 ¥ knockdown FUT1 ¥ @ 8 + ®
=1

(A) %AiB & % 3 B3GLATS e MCF-7 ¢ 4 4| knockdown ST3GAL2 % FUTI »
# ® % * wound healing assay B| & HiB# it 4 > A B 2 F % F 4518 24 hr~ 48 hr
ME T2hr i TRk g (B) @ * Image] ¥¢ Feg|Pom 2728 Bl &M
means = SD & {7 & I (oneway ANOVA *p<0.05 ; **p<0.01)~ szt kp = st fb

2R

Figure 18. Knockdown FUT1 in B3GALTS overexpression cell line promotes
migration ability

(A) Wound healing assay detects cell migration ability after knockdown ST3GAL?2 and
FUT1 in B3GALTS overexpression cell line and image were recorded 24 hr, 48 hr and
72 hr after wounding. (B) Dark defines the areas lacking cells (wound area, ImageJ).
Data are expressed as means £ SD percentage wound area = SD. Student’s T test

*p<0.05, **p <0.01. All data are from three independent experiments.
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W £ 19. i§ & % 3 B3GLATS 7 MCF-7 ¥ » knockdown FUT1 ¥ & 'w?z ¥
ECM Bb*itac 3 v 2

(A) 4~ B %38 B % 3 B3GALTS 59 MCF-7 i& 7 ST3GAL2 2 3 FUTI knockdown >
I i * adhesion assay B|:& H $F ECM epk*tac 4 o (B) (54 PBS wash {s % pb*
WRALASRSWIEREFE > B4 Y meanstSD & {7 & 3 (one way

ANOVA ; *p<0.05 ; **p<0.01 ; ***p<0.001) - %3-%kp = b= F 5% o

Fig 19. Knockdown FUT1 in B3GALT5 overexpression cell line promotes
adhesion ability

(A) Representative pictures of adhesion assay of B3GALT5 overexpression cell line
after knockdown ST3GALZ2 and FUT1. (B) Quantitation of adhesion cells per well were
counted. Data are expressed as means+SD. Student’s T test *p<0.05

*p <0.01%**p <0.001. All data are from three independent experiments.
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.., SSEA4 R
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shFUT1
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¢ Adhesion '
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W2 20. &R £ 3R B3GLATS 5 MCF-7 ¢ ¥r4] FUT1 4 3181¢ w5 84 ¥
¥ ECM Rb¥gat 4 w2

8 B 4 3L B3GLATS 2% SSEA4 %2 GloboH £ & + 2 o i&2- # AR &R
B3GLATS e MCF-7 ¥ knockdown T 7% % FUT1 ¥ #% = 'm% i85 27 pL o e

4 o

Figure 20. Suppression of FUT1 in B3GALTS5-overexpressed MCF-7 promotes
migration and adhesion ability of MCF-7

Overexpression of B3GLATS increase the expression of SSEA4 and Globo H in MCF-
7. Furthermore, knockdown of FUT1 forward migration and adhesion ability of MCF-

7.
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4-4. 3t

d *F 5%V F IR & MCF-7 ¢ @i GloboH ehpz % 7 5 R3] FUTI eh4 3R
e A3 R FUT2) 4§ % 6 %" Laieral %2019 & érF7 3 5% ¢ 7 4“1 2 (Lai
et al., 2019) o p* ¢t > Cheung ef al % 2016 & %7 7 7~ 3 L knockdown B3GALTS5
6 » 27 5% 4% ST3GAL2 ¥2 FUTI % & ¥ «1"% i< (Cheung et al., 2016) » 2 & <
L]?%#t % globo series GSLs ' TR M B o d AFRESFRER LR
B3GLATS 15 » SSEA3 th# ILE T X 5 B ¥ chee %> F @ #_SSEA3 ™ 5 SSEA4
F T H Ar o FLP B % & SSEA3 ¥ it ¥ &_globo series GSLs 11¢ & & 4~ >
tp gt 4 3 SSEA3 > MCF-7 m¥e ¢ { Mw 2t H 5 (¥ 57> i2@m & 1) SSEA4 &2

Globo H -

-

Globo H #_- ## tumor-associated blood group antigens (Danishefsky et al., 2015)
@ IR fe dvn A1FR (blood group antigens) 3 H  SRdr L2 AR B FR F € A T
< % #p 2k A P2 (endodermal epithelial cells) p (Changetal.,2008) > ® %
WAL P TR TSR dm e fRAR I @ epithelial A i 0 H Globo H % £ 77 4p i
% (Chuangetal.,2019) Knockdown ST3GAL2 £ FUT1 5 » # 3L % 5 knockdown
FUTI s B #i 4 2 3 ECM hpbrac 4 1+ #re 2 o QL2 %P 5 &
MCEF-7 ¥ i & % 3 B3GALT5 ¥ ic § #3m? 0 GloboH % JE H 4c > &/ 12
fmRz e (7R 00 MET ehA) i ddide o 55 & BT %2 %% > 4 wie p B3GALTS
. ILE + 2 pF s MCF-7 fm%¢ % & ¢ globo series GSLs ¥ 22 SSEA3 £ 3§ + = >
A &_SSEA4 & ‘ﬁ # iv 4_Globo H 2 & ¢ 3 4 » ¥ % globo series GSLs 8. %
A 1 SSEA4 % Globo H ¢ > Globo H # & cht 2 ¥ 5 ¢ ¢ 5 I o ¥
mesenchymal markers T *# > ¥ F'pie e end] Ay TR E { Aesg it L dmie o b
o dmie g H a4 oo s IR Globo H ik I € Frd| 54 M e B 45 £ BEFigae
4o Fpdnte A LRI R LR P & R F] > MET 3% i §T84 5 Ry dm e
LA EAY A A B A2 BT (Gunasinghe ef al., 2012) © AFT g e F A
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7 1 epithelial %] f& 79 MCF-7 5“ g lm?s tk ¥ > GloboH # .22 MET 3 - 42k P
MBS > U E & % 4 globo series GSLs A 5' Jf fmbe #& 45 #rdrifend & % BiE- ¥

HTL % o
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FEHw

A Y @ * TGF-B# -1 5 Bl MCF-7 %2 $h:& {7 EMT 16 0 g% B3GALTS
22 globo series GSLs #h#& I » ¥ & MCF-7 © i & % I B3GALTS 7 { i&- 7
%2 B3GALTS £ globo series GSLs 5" J§ fm %8 ¥ iy e iy o

2 EMT 9 % 7 > § L4 TGFB it e 7 - FREFHF 0
MCF-7 ‘w3z %P % § % m, 4e ¢ #rd] MCF-7 ‘w2 & EMT £ HiE42¢ E
cadherin 2 L E T A2 R > L RBE R LA E F mo"']‘ de 2 13 EMT e 3 o
b 2 kR TGF-BiE(7 2 bR HEMT FE» 2% 3R * 10ng/ml ¢
TGF-B ik & ¥ MCF-7 &7 24 hr %4 % > i & < 42 & 7% i< E cadherin 1% R
£ o 4% MCF-7 :2 {7 EMT # ¥ /5 » B3GALTS 04 L& & ¥ T % » @ globo
series GSLs #74 JL& P & B F s % » pt B % 1 4 globo series GSLs £2 EMT 3 %
FoE e M o Aa globoseries GSLs & AV it fEd H 8 BT B S g w e en

fi
A4 0 50 L - 7 fE globoseries GSLs #_F %8 5L w2 chig £ 0 A FT
B

7 i@ & MCF-7 % $h ¥ B B 4 7 B3GALTS & % &1+ & e ¢ B3GALTS 4
g+ 2 > MCF-7 ‘w2 p epithelial 2 mesenchymal markers % JL& ¥ & & ¥ '3
Modmed ERELHEP e REL ¢REF L 2o 285 EMT

BHEF%RE% 0 &7 B3GALTS % globo series GSLs ¥ 54 % %% ¢ EMT 31 % /2

|

FERMEME Y- 26 > A &I B3GLATS 1 » w2 @4 2 phigic 4 SR F
TE o L2 % 2P globo series GSLs At pimie cnA A W EMT IR %o & B &
BT 3 ¢ Frdl g e te g A A 4 o 3 AR i & 4 I B3GALTS {5 MCF-
7 % @ 1 B3GALTS A 4+ SSEA3 * & kg ¥ 3 4r » & @ 4.7 #7 SSEA4 2 Globo
HZREHFRD > BRI EENLER LR B3GALTS & > #rdldEH i 4
globo series GSLs % SSEA4 # % _Globo Ho F] » {3 B % i R 4 B B3GALTS
1 MCF-7 5 %% 4m® » & %] knockdown ST3GAL2 # FUTI(# & SSEA4 ™2 2 Globo
H k) 100 faie K ehd g #rd] MCF-7 ehiE# i 4 - F oS F R |
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knockdown FUT1 /e %] » ‘w2 3845 5 4 B2 pbia 4 3 B F enw 2 o L2 & Baop
Globo H 4 3 ¢ #r#| MCF-7 i34 &2 phit e 4 o 5% & 11 1 F % % % > B3GALTS
% globo series GSLs £2 EMT 2. & &2 5 & F B B > ¥ » & MCF-7 ¥ # & £
7. B3GALT5 ¢ ¥ 3 T #:Globo H 2 IR E &2 > & @ ] MCF-7 B4 & Bkt
g 4 o

U im e Rk yp B A ¥ A 5 mesenchymal 7 ik m#e th % epithelial 7] i
"2 4k » MDA-MB-231 /= —J'Ff » m MCF-7 > 18 *‘LF‘]’ o T A 2 )I?r ¥ 2 3 i MDA-
MB-231 5*J& =% k¢ knockdown B3GALTS ¢ ERHEaB a4 Bpbrgac 4 T
% (Chuang ef al., 2019) = & *h ¥ — ji % ¢ 2 5 i 2 % 7 BIGALTS § %

i MDA-MB-231 i epithelial marker ZEB1 % 3. & + % (Liaoetal.,2021) o pt %

Rt

% 82 AT 3 B MCF-7 2t 2 i % % epithelial &5 w e $hiE & % I B3GALTS 13
epithelial markers # L& T "% > w2 B HpEFa 4 T oG S Ap E o J2R
B3GALTS % globo series GSLs 7 [ 3| i cnf  pim2 P > ¥ iu 2@ 7 7 B 7

R ACERHRGT S R BT R R R Y { PR REF R R R RE%R M

{ - # 73 B3GALTS % globo series GSLs #7 [ 4] it 5 g 2w e b chws iy o
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BEBEAREY

d %t globo series GSLs & — £ I303F 5 plwie > F|p AF S il 1 PR3
K hE AL (Liang et al., 2010) - 2006 # 7 /& % 3 SSEA3 ~ SSEA4 12 2 Globo H
E- A A R Lo a2 F g %t 4w (Cheungetal.,2006)" His
ST Y W IRB R # R B3GALTS &8 ST3GAL2 5t i A 5 5 g & 242
B (Liao et al., 2021; Aloia et al., 2015) > ¥ — * & > ' S # {é“%}ﬁa B 2
FEZ - REAFF IR0 EBIIERT oA OREF ERF IR
(Sun et al., 2017) - p = ¢ 5 B3GALTS5 £ globo series GSLs 5" g imPe } chi
g RS Mg e ol A5 a0 4 0 IR~ T 2 B3GALTS £ globo series GSLs &5 /%
#4500 ] > 2 W & globoseries GSLs = 7 U me 45 chd F iy 5
WeRBFREFL e EH IR ol B LL P TP PR
* LR PR P~ globo series GSLs ac = # #r4| | &4 PN %8 % 4 £ (Chuang et al.,
2019) o g+ ¢ § 2 kR anti-Globo H 2 anti-SSEA4 FAli 3 ¥ 42 & Juinifit
(Lee et al., 2021) = %= 7 % I epithelial 7] f& 5 % 'w*¢ MCF-7 &7 EMT B+ >
B3GALTS £ globo series GSLs # JL & & & % 3 4v > ¥ epithelial 3] i 5* & ‘m¥e ¢
Globo H thi LB 4 & Pl 1 dmoe e 45 it 4 o & B A 7 Ry dm
BB PR S 0 A G R P RR L HES  BREE L AE B

Bt BARE O ReE - LT R R ST R o
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ek 1. B4 SC-E Rix8cdk

B3GALTS E cadherin Vimentin
Relative Fold Induction 0.278 £0.043 0.553+0.122 1.478 £ 0.059

e 1 2. B4 6B R 4s i

Positive cell (%)
SSEA3 SSEA4 Globo H
Vehicle Ctrl 4300+1.136 12.367 £ 4.252 2.367 +£2.031

10 ng/ml TGF-$ 3.167 +£0.702 10.567 +4.105 2.633 +0.850

‘e d 1 3. W% 9D Rislicdy
B3GALTS

Relative Fold Induction 2.295+0.477

‘e 4 1 4. W% 10B Rk 4833
Cell number (1*¥10"5)

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
GFPCtrl | 0370+ | 0532+ | 7354+ | 16.000+ | 20.667+ | 20.250 +

0.060 0.0534 0.520 1.023 2.082 2.385
B3GALTS | 0.565+ 0.722 + 9313+ | 14542+ | 25417+ | 23.750
0.083 0.035 0.380 1.787 3.403 3.269

i 1 5. WA 10C R 4o dcdp

GFP Ctrl B3GALTS
Population doubling (hr) 13.639 £0.061 14.049 £ 0.576
Wk d K 6. WA 11A Ris8cdp
CDH]I OVOLI GRHL?2 ESRPI
Relative Expression 0.539 + 0.869 + 0.284 + 0.839 +
Fold Induction 0.013 0.613 0.084 0.116

ek 7. WA 11B Rdsddy

CDH2 | Vimentin | SRSFI | SNALI | PRRXI

Relative Expression | 0.182+ | 0.211+ | 0.620+ | 0.510+ | 0.217 +
Fold Induction 0.031 0.208 0.153 0.084 0.137
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WékE 1 8. W4 11E R ﬁéﬁtﬁ
E cadherin

Relative Fold Induction 0.501 £0.031

W& 12 9. B4 12C Riikd;

Migration (%)
24 hr 48 hr 72 hr
GFP Ctrl 9.104 £ 1.145 15.473 £1.948 24.292 +£2.644
B3GALTS 1.111 +5.383 8.745 £ 1.950 17.622 +3.281

Witék 3 15 10. B4 13C lﬁlﬁé-ﬁft:bi
GFP Ctrl B3GALTS5
Number of cells 785.500 + 30.690 434.100 +26.950

k4 # 11. W4 15F-H R 4-8cdf

Positive cells (%)
SSEA3 SSEA4 Globo H
GFP Ctrl 9.200 £ 1.646 8.433 £0.578 4.533 +£3.355
B3GALTS | 7.933+2.747 | 33.870+1.260 | 54.267 + 10.090

WA 4L 12, W4 17A, B Rdodick

shST3GAL2 | shST3GAL2 | shFUT1 | shFUTI
#1 #2 #1 #2
Relative Expression 0.094 + 0.048 + 0.448 + | 0.601 +
Fold Induction 0.017 0.004 0.043 0.127

Witék 3 15 13. B4 17E li'ﬁp#t:bi
shLacZ shFUTT1 #1 shFUT1 #2

Globo H" cells (%) 70.700 £+ 2.000 27.900 + 12.818 22.633 + 8.849

i $ 14. W4 17F R4o8cdh
shLacZ shST3GAL2 #1 | shST3GAL2 #2

SSEA4" cells (%) 32.825+5.458 18.975 £ 1.056 21.325 + 1.445
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ek 15 15, M4 18B Risdcdh

Migration (%)
shLacZ | shST3GAL2 | shST3GAL2 | shFUT1 #1 | shFUT1 #2
#1 #2
24 hr 14.276 + 11.736 + 18.980 + 21.666 + 21.466 +
4.254 7.762 6.186 7.540 10.316
48 hr 17.572 £ 27.481 + 23.399 + 27.444 £ 25.842 +
3.556 7.326 3.577 3.808 1.593
72hr | 26.104 + 26.605 £ 27.290 + 37.464 £ 36.406 £
3.227 2.690 0.992 2471 3.373
‘A 12 16. B4 19B R 4-8cdy
shLacZ | shST3GAL2 | shST3GAL2 | shFUTI1 #1 | shFUTI1 #2
#1 #1
Number | 372.386 | 193.714+ 321.102+ | 4947619+ | 462.780 +
of cells | +39.486 13.014 28.595 33.728 26.715
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*ité 4 # 17. Cloning ~ PCR 12 2 qPCR #7 % 513

Primers
5'T2A-GFP
3' T2A-GFP
5'pSIN
3'pSIN

3' pSIN FLAG

5'CDH1
3'CDH1
5'0VOL1
3'0VOoL1
5'GRHL2
3' GRHL2
5' ESRP1
3' ESRP1
5'CDH2
3'CDH2
5' Vimentin
3' Vimentin
5' SRSF1
3' SRSF1
5' SNAI1
3' SNAI1
5' PRRX1
3' PRRX1
5'ST3GAL2
3' ST3GAL2
5'FUT1
3'FUT1

sequence5'~3'
GATGACAAGGGATCCGGAGAGGGCAGAGGAAGTCTGCTAAC
TTACTTGTACAGCTCGTCCATGCCG
GACGAGCTGTACAAGTAATAATAGGCGGCCGCTCGAGAC
GTCGTCCTTGTAGTCGACAGGCGGACAATCTTCCCCCGG
TCCGGATCCCTTGTCATCGTCGTCCTTGTAGTCGACAGGCGG
GCCTCCTGAAAAGAGAGTGGAAG
TGGCAGTGTCTCTCCAAATCCG
TCTGAAGACATGGGCCACT
TGTGGCGGTTCAGCATG
GGGCTGATGGCAACTGTAAT
TGGTGTAGGCTCTTCGGGTA
CAGGAGCACAGCAGCT
AGACCTCGAAGGCGTATACAG
CCTCCAGAGTTTACTGCCATGAC
GTAGGATCTCCGCCACTGATTC
GGACCAGCTAACCAACGACA
TCCTCCTGCAATTTCTCCCG
GGAAGACGCGGTGTATGG
ATAGCGACCTCGGGGAG
CGAGTGGTTCTTCTGCGCTA
CTGCTGGAAGGTAAACTCTGGA
CGGAAGACACTGAAAAGCGCC
TCAGTTGACTGTTGGCACCT
GGTTTGACAGCCACTTTGACG
CGGAAGCGGTAGGGGTTC
AGCAACGGCATGGAGTGGTGTA
AAGCCGAAGGTGCCAATGGTCA
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