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Most cancer cells produce ATP predominantly through glycolysis instead of through mitochondrial
oxidative phosphorylation, even in the presence of oxygen. The phenomenon is termed the Warburg
effect, or the glycolytic switch, and it is thought to increase the availability of biosynthetic precursors
for cell proliferation. EMTs have critical roles in the initiation of the invasion and metastasis of cancer
cells. The glycolytic switch and EMT are important for tumor development and progression; however,
their correlation with tumor progression is largely unknown. The Snail transcription factor is a major
factor involved in EMT. The Snail expression is regulated by distal-less homeobox 2 (DIx-2), a homeo-
domain transcription factor that is involved in embryonic and tumor development. The DIx-2/Snail
cascade is involved in Wnt-induced EMTs and the glycolytic switch. This study showed that in re-
sponse to Wnt signaling, the DIx-2/Snail cascade induces the expression of PFKFB2, which is a glyco-
lytic enzyme that synthesizes and degrades fructose 2, 6-bisphosphate (F2,6BP). It also showed that
PFKFB2 shRNA prevents Wnt-induced EMTs in the breast-tumor cell line MCE-7. The prevention in-
dicated that glycolysis is linked to Wnt-induced EMT. Additionally, this study showed PFKFB2
shRNA suppresses in vivo tumor metastasis and growth. Finally, it showed the PFKFB2 expression
is higher in breast, colon and ovarian cancer tissues than in matched normal tissues regardless of the
cancers’ stages. The results demonstrated that PFKFB2 is an important regulator of EMTs and meta-

stases induced by the Wnt, DIx-2 and Snail factors.
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specific protein 1 (FSP1) 53 %2 mesenchymal markers
fraze Fd s TN EMTE FEdhes Aoz ¢
24 QTH1, 43, 46, 60].

dAZs 2H3HE WntE cancer cell migration, invasion
2 metastasisE 53514, 449 S(TNBC) HAAE 22
AAAGE AU e A2Z WA ST, 19-21, 47, 49,
60]. Wnt Snail 224 & &3t9 EMTE F%38ta, 1 2%
invasion ¥ metastasisE 4 TTh[9, 43, 49, 56, 60]. £ Wnt
off ofsf &43}¥ Snail& EMT #7F o} 2} glycolytic switch
£ =8, flEZ ol 25 F 3 AAALA Y com-
plex IV (cytochrome c oxidase) 24 & AAst= 2102 ¥4
7 QIT}[28]. =& Snail fructose-1,6-biphosphatase (FBP1)
o B ZaAIY12]. 18 B fEAe EEE 24
ste ACE delA Qe Dix-2 [33, 42]7F tumor growthé}
metastasis & 53] tumor malignancyE r%3k7 (29, 55,
64, 66], Snail '¥¥ & 2H3ste] Wntoll 93 EMT ¥ glycolytic
switchg ZH3sEs Aoz 2 984 dt27].

TUA #FHE glycolytic switch® EMTE  tumor
% invasion?} AHH WP T2 FHYNE B3
1, 2 2 7% 5 el B AT ok EElA A
%o oo B AT A& glycolysis7k Wntoll 9 g EMTo|
#a s 75 E 2AEIE T I B A glycolytic switch
target T84 E PFKFB2E =33t 6-phosphofructo-2-
kinase/ fructose-2,6-biphosphatase (PFKFB)+ PFKFB1-4 & 4
7HA] isozymes©| EAJ31H, fructose-2,6-bisphosphate (F2,6BP)
o &4 % Ejo #ejshs Tholth PFKFB tAHEE <
F2,6BP+ glycolytic pathway®l A rate-limiting enzyme & &
28-3H= 6-phosphofructo-1-kinase (PFK-1)& 24 3}A#A,
glycolysisE Z71eHTH39, 40, 50, 63]. ¥ AT A& Wnt-Dix-
2/Snail cascade®l ¢ PFKFB29] @d =4 712-& £43}
11, xenograft mouse model®l| A tumor growth ¥ metastasis
ol A= PFKFB2 shRNA ¥ &2 A3ttt ob22 PFKFB2
7} Wntel] & EMTel| v 2= F&o] thd A= 53 gly-
colytic switch®h EMT®] 43528 7hsA & E48ta, 11 71%
< At LA ST

growth 5
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MZHi2F Y Wnt3a conditioned medium (CM) 2|

MCEF-7, MDA-MB231, L cells& American Type Culture
Collection (ATCC, USA)S.ZF-E FY3to] A&3t5oH, A
A A g Hdol o3 u) kst A Th26]. Wnt3a-secret-
ing L cells& Dr. Min DS (Pusan National University, Pusan,
Korea) 2 78 Al 5Lkt 24249 Al EE5 & 10% fetal bovine
serum (FBS) 2 1% penicillin/streptomycin®] 2%-¥ FEagle’s
Minimum Essential Medium (EMEM), RPMI, Dulbecco’s

modified Eagle’'s medium (DMEM)& AH-&3te] 37°C, 5% CO,
271 st A w3t ATh Wnt3a conditioned medium (CM)
& Wnt3a-secreting L cell& 100mm dishell #} %¥3tef 7241t
ol mediume 2ot 537t 44 £ E 53] medium
el cell debriss AAY &, WlF T AZ Aot

Transfection & short hairpin RNA (shRNA) interfer-
ence

MCEF-7¢l| jetPEI (Polyplus transfection, SA, USA)E ©] &3}
o] expression vectors pPCAGGS-DIx-2 (Dr. John L.R. (Ruben-
stein, University of California at San Francisco) 2 5§ A ¥
#H5) ¢k pCR3.1-Snail-Flg (Dr. Yook J.I. (Yonsei University,
Korea) 2 7B A FWE)E transfectiondt A Th. Control %
DIx-2, Snail, PFKFB20] 505 0.2 u-$-51= shRNA/pSUPER
vectorsE A @A A FHg Wl e A st trans-
fection 3t $1TH26]. shRNA target sequencest Table 19 %
5o it

Table 1. shRNA target sequences used in this study

Genes Target sequence 5 to 3’
Con shRNA AATTCTCCGAACGTGTCACGT
DIx-2 shRNA TTCGGATAGTGAACGGGAA

Snail shRNA GCGAGCTGCAGGACTCTAA
PFKFB2 shRNA TCAGGAAGGCTCCTTACCCTGTAGCAG

Western blotting % real time gRT-PCR

Western blotting 2 real time qRT-PCR& A @A A g
S P02 Y3} TH26]. Western blotting®ll AH-8-¢ anti-
bodies= PFKFB2 (Abgent, San Diego, CA, USA); a-tubulin
(Biogenex, CA, USA)°]t}. TRIzol (Invitrogen, Carlsbad, CA,
USA)E ©] &3¢ total RNAE celll A &84T Tran-
scription levels2 real time qRT-PCRE Z A3t} AL&&
primer sequences Table 29 A& =] QIt}. g2 B-actin®
2 normalizations} % o

Chromatin immunoprecipitation (ChIP)

ChIP assay ChIP assay kit (Millipore)& ©] &3} 43
3t th. Isotype control IgG¢t anti-Snail (Santa Cruz, CA,
USA)E ©] 439 DNA-containing complexes®t immun-
oprecipitate3} $1 tF. PFKFB2 promoter®] E£A4J3t= ZAo2 F
5 & Snail binding sites& E %3 specific primersE ©] &
ate] PCR3te] #4314t} PFKFB2 promoter region®] Snail
binding sites (Table 3)9} primer sequence (Table 2)& 30|

Ao Sl

Al
=

> Ofn
og MHo
ook

A

rlo

B2 6739 47 BALB/c nude miceE 2 E|JE



Table 2. Primer sequences used in this study
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Gene Sequence 5 to 3’ Annealing °C
Real-time qRT-PCR
B-actin NM_001101.3 sense ACTCTTCCAGCCTTCCTTCC
antisense TGTTGGCGTACAGGTCTTTG
PFKFB2 NM_001018053.1 sense GCGTCCCTCATGTTGCCTTGCT 62
antisense TCCAGGCCTCGTTTTGGTGGC
Snail NM_005985 sense ATCGGAAGCCTAACTACAGC 55
antisense CAGAGTCCCAGATGAGCATT
E-cadherin NM_004360 sense GATTTTGAGGCCAAGCAGCA 55
antisense AGATGGGGGCTTCATTCACA
ERa NM_000125.3 sense CCAGGGAAGCTACTGTTTGC 62
antisense ACACAAACTCCTCTCCCTGC
FOXA1 NM_004496.3 sense GGGGGTTTGTCTGGCATAGC 62
antisense GCACTGGGGGAAAGGTTGTG
EGFR NM_005228.3 sense AGGCACGAGTAACAAGCTCAC 62
antisense ATGAGGACATAACCAGCCACC
SPARC NM_001309443.1 sense GTGCAGAGGAAACCGAAGAG 62
antisense TCATTGCTGCACACCTTCTC
Caveolin-1 NM_001172895.1 sense TCTCTACACCGTTCCCATCC 62
antisense TCCCTTCTGGTTCTGCAATC
ChIP assay
PFKFB2 #2 (for E2) sense CCGAGCCAGTTAGGCGATT
antisense GCAAATCATGTGAGCCCGTC

Table 3. Putative Snail binding sites in promoter region

Snail binding  Positions form transcription

Gene . .
sites start site
El 1 CACCTG %
PFKFB2 3] 1% CAGGTG ™
B3 " CAGCTG ™

(Seoul, Korea) 2 H-E] 79J3t4], light/dark F7] 12412t
Aste], Fatietn Ao wet ALSs it Tumor 8 8&
%%37] 913, nude mice th ¥ ¥-o 6x10° MDA-MB231 sta-
ble cells (control shRNA, PFKFB2 shRNA)<& subcutaneously
(SO) injection 3FH T+ (n=3). Tumor volume& caliperg ©] &
sto] AFLo 2~38 S48 th(tumor volume(v)=(length
x width?)/2). Tumor weight 1}2 2ol 24319t} Tumor
+ AA 3t 10% formalin solution (Sigma)ell 178 A # Th.
Lung metastasisg ZAtst7] 913, nude miceol 1x10°
MDA-MB231 stable cells (control shRNA, PFKFB2 shRNA)
< lateral tail veind injection 3t$1THn=3). Injection ¥
A QAR AHE AL, 4Y T8 A s Fet
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g z3te] £43A T 24 50-100 mg F TRIzol (Invitrogen,
Carlsbad, CA, USA) 1 ml& AH-83}9, tissuelyser (QIAGEN)
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Wnt-DIx-2/Snail ASHEAH0 2|8 glycolytic switch
target 78X PFKFB2 &=

Wnt A5 A9A = EMT ¥ glycolytic switchg F+E38t&
Ao G A AT, 9, 26-28, 49, 56]. EMTS} glycolytic
switch 27 ¢AE 44 4 invasiond] 83 HFHo|Bg,
B AT M & glycolytic switch7} Wntoll 9]¢t EMTE %4
& 7t54 & AT DIx-27F Snail HE-E F7HA7 Wt
of 9§ EMT % glycolytic switchE ZH 3B £[27], glyco-
lytic switch # ¥ DIx-2 target gene(s)< 237 ¢4l cDNA
microarray (Agilent Human Genome 8x60K array, Agilent
technologies, CA)E o] &3] £43} 9t £43F 42,4009 &
FAA F gAY #EE e E4E (PFKFB2 (5430 fold
%71, GLS (2.233), H6PD (2.660), acetyl-CoA carboxylase
(2.525), HK3 (2.362), SUCLG2 (2406), 178-HSD (3.029), DGKI
(4538), HIF-1a (4.186))¢] %&o] Dix-20] 3 %7kttt
(microarray dataset GSE61009) [26]. Glycolysis ## T4 &

6-phosphofructo-2-kinase/ fructose-2,6-biphosphatase 2 (PFKFB2)
o] @& o] Dix-20] o3 58 o4 F7+H S B3t (Fig.
1A).

gEe] FAEE FAE AT 9 42E A8 glyco-
lytic switch® WERATHS5-7, 10, 13, 17, 23, 52, 58]. PFKFB2+
fructose-2,6-bisphosphate (F2,6BP)9] &4 2 &3l &3}
T enzyme®. 2 glycolysis pathwayoll A & 2.8} A 283kt
F2,6BP+ glycolytic pathway®ll Al rate-limiting enzyme®. &
283} 6-phosphofructo-1-kinase (PFK-1)& &4 3} #,
glycolysisg &% T}[39, 40, 50, 63]. Human lung cancers®l|
A PFKFB A 2o @ o] S7kH¢] 913, hypoxiacl 4l
PFKFB2, PFKFB3, PFKFB49] ' d 0] S7hg o] Hasof 9l
[37]. =& PFKFBE HIF-1a, c-Myc, ras®l 93] 43l 1,
p53°ll o3 =843t He AoE dHA Y3, 22, 35, 36,
41].

Wnt-DIx-2/Snail cascade®ll 28t glycolytic switch 24 7]
& #4317] 913 Dix-2, Snail 5 Wntell /& PFKFB2 ¥
H3LE real time qRT-PCR % Western blottings ©] &3
Z A3 AT MCF-7 A 2| A DIx-29} Snail 2 Wntell 9] 3l
PFKFB2 ¥ o] S7hd < #2334t} (Fig. 1B-Fig. 1E). =&
Dix-2¢ 93l Z7}& PFKFB2% Snail shRNA®] ]3] ]| =]
T ASZ Ueyth(Fig. 1B). ¥ ofve Wnto] o

A B PFKFB2 c 3d
T *%
Fold-change ° PCAGGS + o = o
GenelD  pix-2/Mock Iy i i i am i
PFKFB2 5.430 s PCR3:1 - - + -
T Snail - - -+
(1]
Mock + + - -
DIx2 - - + + o PFKFB2
shCon + - + -
shSnail - + - +
S sws e @ | Tubulin
3d
D PFKFB2 PFKFB2
s 4 ke
2 - 02 dek
22 g 9]
5 5 |
[ [
x o x g
Mock + - ShCOm il il it A
Snail - + S D=2 =000 A= A= = =
ShSnat i mumEimusEmm =i
. AV €3 28 1002 A= = < e
3d

Fig. 1. Wnt induces PFKFB2 expression by activating DIx-2 and Snail. (A) MCF-7 cells were transfected with DIx-2. Changes in
cellular gene transcription were detected by microarray analysis. Fold increase in expression was compared with Mock.
(B) MCF-7 cells co-transfected with DIx-2 and shSnail were analyzed by real-time qRT-PCR for PFKFB2 expression. **p<0.01
versus Mock, #p<0.05 versus shCon. (C) MCF-7 cells transfected with DIx-2 or Snail were analyzed by immunoblotting
using the indicated antibodies. (D) MCF-7 cells transfected with Snail were analyzed by real-time qRT-PCR for PFKFB2
expression. **p<0.01 versus Mock. (E) MCF-7 cells were transfected with shDIx-2 or shSnail and then treated with Wnt3a
CM were analyzed by real-time gRT-PCR for PFKFB2 expression. **p<0.01 versus untreated, #p<0.05; ##p<0.01 versus shCon.
All error bars represent SE.



PFKFB2 Z7}+& DIx-2 shRNA ¥+ Snail shRNAS] &8 oA
2 #EYU(Fig. 1E). oy ARE ngozm
Wnt-Dlx-2/Snail cascadedl] ©J3] PFKFB2 &&o] z¥g& &
T At

PFKFB27t Wntoll &8t EMTOHl O|X|= N

Wnt 9 Snailell ¢ EMT+ & 243 943 434 &
AYIL le A EH(TNBC) 2 < fr=st
A T, 19, 20, 47]. S AEe TE
luminal A, luminal B, HER-2/neu+, basal-like (TNBC) 5 47}
A subtype& & FFET 4ol A luminal subtypee o %
7} A%}, TNBCE estrogen, progesterone ¥ HER-2 (ERBB2)
receptor®] Hd ZAE YERH, EMT markers 48 2 CSC-
like characteristicse 9| ™, aggressivedt 1 o] 2 A% ¢
Fol =& 20Z ¢4 Yok TNBCE BE breast cancer
subtype Bt} o] &7} w1, Zzto| tjgt T3 targeted
therapy’} §lv 2102 HIFo] Uti[2, 38, 45, 54, 65].

MCF-7 A& ER (estrogen receptor) % PR (progesterone
receptor)®l| positived} I, non-invasived luminal A subtype
breast cancer cell lines®.2 Snail®] ¥d o] Y}, ¥, MDA-
MB231 Al £ TNBC subtypeS & autocrine Wnt signaling=
7hA AL 9l o Snail ®E o] Eo} invasived HE S 7HIT
[11, 19, 20, 47]. MCF-73+ MDA-MB231 4| 2] £4 5 PFKFB2
of FH W3E FA3H7] A3 Snaile FHEHAIZ MCF7 Al
¥} Snail& knockdown*| 71 MDA-MB231 Al £ & ©] &3]

A
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zA3E4 . o] & 93 WA luminal ¥ basal markers®] ¥4
< ZA3A Y. MCP-79 Snail& SZ# A7 A Z A lumi-
nal markers (ER-a and FoxA1)¢] 30| 7HAE+ HHd, triple
negative TNBC basal markers (EGFR, SPARC, and Caveo-
lin-1)¢] & o] F7HE & A&} ATh(Fig. 2A). ol 2FHE
UL B O 2 Snail > MCF-7 Al 29| invasivenessE 0] 3 CSC-
like characteristicsE 3} luminal phenotypecll A 7
Ao g %7} Y& TNBCE ¥} 7] 1, tumorigenicityE 5
7F A7lE AL E AZET ¥Hd, MDA-MB231 A %+ MCF-
7 M 2Zo| B3| luminal markers (ER-a and FoxAl) @&o| &
31 basal markers (EGFR, SPARC, and Caveolin-1)] & o]
TS #FEATG. =F MDA-MB231 Al Z 94 SPARC,
Caveolin-1 ©&¢] Snail shRNAY| &3] ZAFE AR
EF T (Fig. 2A).

E¢ MCF-7% MDA-MB231 Al Z¢l| A} Snail®l <& PFKFB2
TdE AT 2 A3, MCF-7 Al X9 Snails 2 E Al
71 7% Snailell ¢]3] PFKFB2 ¥ o] 715 = AL2E Yy
th(Fig. 2B). H¥tH, MDA-MB231 Al £+ MCE-7 Al Z ol v 3]
PFKFB29] basal level®] %3l Snail ShARNA®] ]3] PFKFB22]
o] A A TH(Fig. 2B). ol AFAE wE L
2 Snailo] PFKFB2 Z&o] dHsA ddHo A& ¢ &+
AATt.

Snailo] 2|4 PFKFB2 A4 4d & 2dst=AE ChIP
analysisE ©]-&3to] £433{th. PFKFB29| promoters ZA
gt 23, PFKFB2 4 49| transcription start site (TSS)Z %

ERa FOXA1 EGFR SPARC Caveolin-1
z 15 z 15 T 40 - T 4 T 60 7
s s g g = 20l -
2 - H 2 20 - $2{ m H
5 05 5 05 o k] ] k] # s 20
9 ok # K] T . ° s
X 0 [ € o € o x ol
Mock + - - - Mock + - - - Mock + - - - Mock + - - - Mock + - - -
Snail - + Snail - + Snail - + Snail - + Snail - +
shCon - - + shCon - - + shCon - - + shCon - - + shCon - - + -
shSnail - - - + shSpail - - - + shSpail - - - + shSnail - - - + shSnpail - - - +
MCF-7 MDA-MB231 MCF-7 MDA-MB231 MCF-7 MDA-MB231 MCF-7 MDA-MB231 MCF-7 MDA-MB231
Snail PFKFB2
o 100 — - 4
e el - |'> TSS -1000 -500 TSS +500 +1000 +1500 +2000
¢ 5 g 5 o - v v v v v v v
E E ;ﬂi M 1 " I% M
[ * [
€ o ==l ol | evox| nPrxrez—} i E-
Mock + - Mock + - - -
Snail - + Snail - +
MCF-7 MDA-MB231
shCon - - + shCon - - + - - - - -
shSnail - - - + shSnail - - - + Mock Input IgG anti-Snail e Input I9G anti-Snail
—_— —_— loc| + + + - shCon + + + -
MCF-7 MDA-MB231 MCF-7 MDA-MB231 snail - s .. shSnail -  + s s
130 bp PFKFB2 (#2)

Fig. 2. Snail induces PFKFB2 expression. MCF-7 cells were transfected with Snail. MDA-MB231 cells were transfected with shSnail.

(A, B) The cells were analyzed by real-time qRT-PCR using the indicated primers. *p<0.05; **p<0.01 versus Mock, #p<0.05;
##p<0.01 versus shCon. (C) A schematic diagram of the human PFKFB2 proximal promoter region is shown in upper panel.
ChIP assays were performed using IgG or anti-Snail antibodies and ChIP-enriched DNA was analyzed by PCR using primers
complementary to the Snail binding region (lower panel). All error bars represent SE.
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Bl -1,0002 +1,000 Ate]l| Snail binding site7} 371 &3}
T} (Fig. 2C). PFKFB2 promoter region®| Snail biding site 37}
ol tia primer #1, #2, #32 W A3 th(Fig. 20). ©1& W4
© 2 ChIP analysis& 3¢ 23, MCF-7°] Snail& #%d
AZl Ao Al PFKFB29| Snail binding site®]l Snailo] 24
binding® < #2319 o} (Fig. 2C). =3 MDA-MB231 A £
4 PFKFB29| Snail binding sitel Snail®] 24 binding3l 1
Snail ShRNAY eJa) A oA <& 23} th(Fig. 2C). Snail®l
25 PFKFB29| promoter region®ll A3 3sto] L& 24
< ¢ F At

o}7}, Snaile] Wntell &3 EMTE 243+ A2 &Y
A 9 onRI9, 43, 49, 56, 60], Wntoll &g EMTd| WA=
PFKFB29] G && ZAbstgln. 1 A3}, Watel 93 inter-
cellular adhesion 74, spindle-like cell shape ¥ pseudopo-
dia ¥4 %< morphological changes& %3l &<l
mesenchymal cells®9] 80| =& #2321l (Fig. 3A),
PFKFB2 shRNA7} Wntell 9] EMT % (Fig. 3A) ¥ E-cad-
herin 4 7+4:(Fig. 3B)E 493 JAtE AR YERTH
olg1g A#E nle O 2 PFKFB27} Wntoll 9@ EMTel #of
s & & ATk ol & glycolysis pathway?t Wntell 9] &
EMT] dH3HA da= oA 5 AT,

%= Pancl Al 2 A TGF-Bo] |3 PFKFB3 2d o] 27}
] 31, PFKFB3 '8 & A st TGE-B ©| 3 Snail 2 F7}
2 invasion®] Aol EE o] Yrh[62]. 7 ol 2} colon
cancer®| A glycolysis®l #{dt= enzyme?l GAPDHE
knockdownd ¥ Snail 28 A E &3 EMT 2 cell migra-
tiong A ste A 02 UYERT31]. ol & S8l glycolysis7
EMTel #o43h& <& 5 it

PFKFB2 2&A3l0f| 2|8t xenograft mouse? & MZE

Y Ho| £

PFKFB27} xenograft mouse model®l 4] tumor growth %

y \

Con

Wnt3a 3d

shPFKFB2 B

Relative fold

shCon + - + -
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Fig. 3. Inhibition of PFKFB2 prevents Wnt-induced EMT. MCF-7 cells were transfected with shPFKFB2 and then treated with Wnt3a
CM. The cells were analyzed by phase-contrast microscopy for cell morphology (A) and by real-time qRT-PCR (B) using
the indicated primers. **p<0.01 versus untreated, ##p<0.01 versus shCon. All error bars represent SE.
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Fig. 4. shPFKFB2 inhibits tumor growth and metastasis. MDA-MB231 cells stably transfected with shCon or shPFKFB2 were injected
subcutaneously into the dorsal flank of nude mice (n=3). Tumor growth curves (A) and photographs of representative mice,
tumors (B) and tumor weight (C) are shown. *p<0.05; *p<0.01 versus shCon. 1x10° MDA-MB231 cells stably transfected
with shCon or shPFKFB2 were injected into the tail vein of nude mice (n=3). Photographs of representative lungs (D) and
H&E staining of lung sections are shown (E). The number of metastatic nodules (F). *p<0.05 versus shCon. All error bars
represent SE. All scale bars represent 100 pm.
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Fig. 5. The expression of PFKFB2 in human tumors. Real-time qRT-PCR data showing expression of PFKFB2 mRNA in normal
(N) and tumor (T) tissues from the indicated tumor types and histological stages (TNM classification) of breast, colon
and ovarian cancer. **p<0.01 versus matched normal (N) tissues. All error bars represent SE.
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TR o] A Aol A Snaile] T 2 G A #HAdtE HAAAAS Dix-20 o) 2453 Hth £ Wnt
7} DIx-2/Snail cascades &3t%] EMT % glycolytic switch= F+E3<S W3t £ AFAME glycolytic switch
7} Wntell 9 EMTol| vA & Y& 793t 2A 3t¥ T Dix-2/Snail9] glycolytic switch target % 22 phos-
phofructokinase-2/fructose-2,6-bisphosphatase 2 (PFKFB2)E =3} %th. PFKFB2% fructose-2,6-bisphosphate
(F2,6BP)9] 34 2 Fallo] #oAdsts EAZA glycolysisdll Al 5 28HA 2843tk Wntoll 93] PFKFB2 &d o]
Dix-2/Snail ¢|&2 02 ZF7}8S #&3 ot £ PFKFB2E knockdowndt A3 Wntoll &3 EMT7} S A 5 2
2 glycolytic switch7k Wntol 9]¢ EMTe]l #4& 7}540] & 202 Rt} ¥k o}z PFKFB2 shRNA7}
xenograft mouse model®l A tumor 474 ¥ metastasisE HAIste ACE UENT B3 Human ¢E2 oA
4z vl3] PFKFB2Y #do] =5& #Z3 . wetA PFKFB27} Wnt-Dix-2/Snail-induced EMT %
metastasiso A T2 FF S & Jor qidE.
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