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Ikaros Regulates FUT4 Promoter Activity and Its Mechanism

Yi Lijun, Hu Qinghua, Chen Ka, Zhou Jing, Li Hong*
(Department of Central Laboratory, Jiangxi Provincial Children's Hospital, Nanchang 330006, China)

Abstract  Fucosyltransferase IV (FUT4) is the key enzyme in the process of the fucosylation. It is involved
in the proliferation, migration and infiltration of tumor cells, but the mechanism of transcription regulation of FUT4
remained unclear. In this study, we constructed different recombinant plasmids carrying FUT4 promoter segments
with different lengths according to the bioinformatics analysis and identified their transcriptional activities in 293T
cell line. It’s found that there were potential DNA binding sites in the promoter of FUT4 according to analyses of
FUT4 promoter by ALGGEN online. This study aims to explain the regulation of FUT4 by Ikaros to supply the
FUTH4 regulation mechanism. The transcriptional activities were analyzed by double luciferase method. The effects
of Ikaros on FUT4 transcriptional activity were analyzed. The results showed that 1.2 Kb upstream of the FUT4
transcription initiation site (FUT4-1.2 Kb) had the highest transcriptional activity in 293 T cells. Ikaros inhibited the
transcriptional activity of FUT4 in a dose-dependent manner. When Ikaros DNA-binding sites were deleted, it was
possible to remove the inhibitory effect of Ikaros on FUT4 transcriptional activity.

Keywords  fucosyltransferase I'V; transcription factor Ikaros; luciferase activity assay
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Table 1 Primers sequences

(5"~ 3)
kB i Sequence (5'—3")
Name Mtk kY

Forward primer Reverse primer
lkaros ATG GAT GCT GAT GAG GGT CAA G TTA GCT CAT GTG GAA GCG GTG
FUT4-0.4 Kb TCA TTC ATC TCA CTG AAC AGG CAA GAG GGA GGG AGG GAG TCC
FUT4-0.8 Kb TCT ATT TCT CCC CTA GTA TCA GTG GAG GGA GGG AGG GAG TCC
FUT4-1.2 Kb TTT TCC GAG ACG GAG TCT CGC TTT GAG GGA GGG AGG GAG TCC
FUT4-1.6 Kb TGA AGA GGG AGA AGA ATG TGA ATA GAG GGA GGG AGG GAG TCC
FUT4-2.0 Kb AAT AAG AAC AAT CCA GTC CCC GAG GGA GGG AGG GAG TCC

FUT4-2.4 Kb

CCCTCC CCACTATCT GTTTCT CTC G

GGT CTC GAG CCT CCT GTA CCT TCC
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7= R B RpGLAK Fr BU AT IE B2, SRIS TR 43
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1.7 ‘ApRiBESATRNE
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YA M, ApcDNAZLARAE Jy [ 44 xf B 20, Far il karos A1
Tkaros6 X 293 T4 /i 3% 58 A1 I T- ) 520 . 25 i 4
925 B[ A8 W 98 T A 9% & FIBel-2(B cell lymphoma/
lewkmia-2)#1Bax(Bcl-2 assaciated X protein) &g [ )i
Ko ok B3 4 i 1 R o6 FL AR, 43 il 4 Yt Tkaros %
KB KL, 43 WAE0. 24, 48, 72 hjilI A5 mg/mL
MTTI 20 pL, 468255974 h, BHE % BIE, ML
Bn150 pL DMSO, 7873 %37 18 &, 7ERgAR A il &
570 nm A E AR, SEER B3I, A AN IR
NI EDMEME:; F5 3. LA I7 I 18] A R AR bR, T
FAE NP FRZ HI AR A 2R, TR Ib s R .
9 Z(%)=(Dseyo—D s i) (Dasig—D s pr11) ¥ 100% 0

2955 15 £ B Tkaros6, % 4 N [ IMIL975 40 i #k Jurkat,
DANS 5 B 25 F A A B PR B A, RS B R M O
e Fa B 4 B Rk, 45 I Tkaros i #EFUTA M) %% 7K 7 &
ot JurkatZH BLIE T R

1.8 ZitF4LiE

K HGraphPad prism 5% #3417 £ 7 B A AE
Bl BT 25 ARG, IESTERSS. THR Bk
SEIGHE Dxcts R . BB R BEORLZ R] 1) ELEER
56, 2 TR 2 (R HLRER F SR R 25 2200, T
EAFRRAESEURTL . AP<00SNZE SBT3 s

2 %R
2.1 Tkaros mRNAZLKHIPCRY 1

FEECN A L4 I A RNA, I 52 RNA 3K EE A
i, K1 ng RNAY 5% BicDNA, DL R b gt
ITPCRY M4, 1% G Hl &t Uk 5, AT L1 560 bplt)
FEr 26 (BI1A).

2.2 FUMBHFARRERPCRY E5EE

DA 2 I FIDNAA SR, AFUT4)A 3T AN A
K Bes [ Wrdt AT PCRY 1 J5, 1#EAT FaIK, AT L2 400,
2000, 1600 1200, 800. 400 bps & I3 1 4% 5,
YA R ERFUT4R 3 T3, 40 TR
NS T —E(E2A) .

23 EHEFRMNEE

F4pcDNA3.1 vectorflIkarosfJPCR ™4 F| BamH 1
FiXho DB, 44k 5 1%E4E, HeAvimiik v sofE, u]
558 BH 1 v, e 22 XU UT) 46 72 (K1B), fie 2% LAy 25
KHE. F| FKpn TFINhe 1A V) B4 A [FIFUT4 R 3
T BO%E B2 BIPGLAE R b, B 1) % & (KI2B) AT ¢
BH P S B, B0 P2 W0 F K o B, 225 WUk, ST
MW—5. & E\EHFRE KN TF 58T, FHSERS
Genebank /7 51| — % .

2.4 FUT4RB SN FERIEMERN

¥ K FUT4)E 8)) T F 4 JFURL100 ngfs G N293T
S, R FH 26 BRI R G0 e 28 e E, /i A )
JR BT BT . ANTRD S 37 M s A4 Bk O A B
NEEWEBAFTR. 83T iETE iR B, HE AR
$ipGL4-FUT4-2.4 Kb, pGL4-FUT4-2.0 Kb. pGL4-
FUT4-1.6 Kb. pGL4-FUT4-12 Kb. pGLA-FUT4-0.8 Kb
HpGL4-FUT4-0.4 Kb 5pGLAZ AR L, #HXT 5
B 2 35 19 95(P<0.05) . 111 fEpGL4-FUT4-1.2 Kb %
6 2 B AR X v P A R (BI3B) . 45 RARR, FUT4JA
Bl F1E-800~—1 200 bp 1% 55 i M e ik, 7EIEFHIT X
AT BE A B R A oo
2.5 TkarosHIEFUTA5E F5E MR

Y 25 5 1) Tkaros M1 4% FUT4 )5 ) 56 28 5 b 3
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(A) (B)
2 000 bp

1 000 bp 2 000 bp

1 000 bp

A: Tkaros'fs 5V 5| WIPCRY I =4 F ik B 1: 2 000 bp marker, 2: Tkaros$#5F YEPCR™ 4. B: pcDNA-IkarosPH P 4 - BamH TF1Xho DY) %
SE FLYK A 1: 2 000 bp marker; 2: pcDNA-Ikaros WU V) 7247 o

A: agarose gel electrophoresis of PCR products of /karos; 1: 2 000 bp marker, 2: PCR products of Ikaros. B: identification of recombinant plasmid of
pcDNA-Ikaros double digestion with BamH I and Xho I; 1: 2 000 bp marker, 2: the product of pcDNA-Ikaros with digestion.

E1 Ikaros PCR=4) 5pcDNA-Tkaros E 4B RAI I E
Fig.1 Identification of PCR product and recombinant plasmid of Tkaros

A 12 3 4 5 6 7 8 B 1 2 3 4 5 6 7

«—2 000 bp—>

<«—1 000 bp—>
*+— 750 bp —>
<+— 500 bp —

A: FUT4JE 312 IR A4 (5 S5k 5 I PCRES K ;12 5 000 bp marker, 2: FUT4-0.4 Kb PCR7¥), 3: FUT4-0.8 Kb PCR7##), 4: FUT4-1.2 Kb PCR
e, 5: FUT4-1.6 Kb PCRP4)), 6: FUT4-2.0 Kb PCR%), 7: FUT4-2.4 Kb PCR*4/, 8: 2 000 bp marker. B: FUT4 )5 5l F - MR 5 5¢ 4R 25 %%
{ARPGLARH I 541 Kpn TRINhe T4 52 B 4K ) 1: 2 000 bp marker, 2: pGL4-FUT4-0.4 Kb EGI 74, 3: pGLA4-FUT4-0.8 Kb I 7=, 4:
pGL4-FUT4-1.2 KbXUHEYI =4, 5: pGL4-FUT4-1.6 KbV =4, 6: pGL4-FUT4-2.0 Kb XU 724, 7: pGL4-FUT4-2.4 KbXUEFU =4 o

A: agarose gel electrophoresis of PCR products of FUT4 different promoter; 1: 5 000 bp marker; 2: PCR products of FUT4-0.4 Kb, 3: PCR products
of FUT4-0.8 Kb, 4: PCR products of FUT4-1.2 Kb, 5: PCR products of FUT4-1.6 Kb, 6: PCR products of FUT4-2.0 Kb, 7: PCR products of FUT4-
2.4 Kb, 8: 2 000 bp marker. B: identification of recombinant plasmids of FUT4 different promoter double digestion with Kpn I and Nhe I; 1: 2 000 bp
marker; 2: the products of pGL4-FUT4-0.4 Kb, 3: the products of pGL4-FUT4-0.8 Kb, 4: the products of pGL4-FUT4-1.2 Kb, 5: the products of pGL4-
FUT4-1.6 Kb, 6: the products of pGL4-FUT4-2.0 Kb, 7: the products of pGL4-FUT4-2.4 Kb.

E2 FUT4R=F&MBIAREE
Fig.2 Identification of recombinant plasmids of FUT4 different promoters

Fe Qe N293T40 ML, R 2O KBRS RGMEZE  AFRER T Ikaros K45 57 i

18, 43 Mrikaros® [ i W FUT4A [8) J& 8 F F B 1%
PERIFM . JE BT & T BT R B, 5pGLAZS #AkAH
Ll A5 I AR PR SR M K S35 B, 2 2H R p G LA4-
FUT4-2.4 Kb %% e AH 3% P& A% (P<0.001), pGL4-
FUT4-2.0 Kbi) %% YAE B#(R(P<0.05), ¥ B A Guit % %
o HIRIA, karos RSN FUT4)E 21 715455
M, ELAM SR A 55 1 /2 pGL4-FUT4-2.4 Kb(E30),
WP 25 K M, TkarosH [ i AR 8 M HIFUT4 ) 3R IA,
H AT BEAE FUTAH S UG 550 —400 bpAl-2.4~2.0 Kb

2.6 IkarosilHIFUT4EEFRERBEFIEMWR B
S 56 IF W, Tkaros X pGLA4-FUT4-2.4 Kb 41 ]
RN B BH 2, B AN [R] 1) 2 Ipe DNA3. 1 -Tkaros 73 il 55
pGL4-FUT4-2.4 KbILH: 4L N293 T4, A Ot HR
B 2 2 4000 58 R OGAE, 40 BT A [F) 77 & 1) Tkaros 5
FUTAMHNEIN o 3 3 F 15 PR BT R BH, A 7
(¥ Tkaros X FUTA R4 BN AN S, 78 A KA, B
3 Tkaros 5 [ 48 i, 00 1) 25 SR ok e B S5 (13D 5K
ug 7k R B, Tkarostl | FUT4 )3 3 7 W % vk P &2
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(A) %(B)
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2
I - 1/ T4-2.4 Kb % 10
- 420 Kb 8 S
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I UT4- 12K E 0
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2 80-
E l | gm
21 T
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. , / b‘ b&' , x© Q> S N IS
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PP LLL &

/ QO Q' &0 QO QO Q' Q
‘b@%&@ Q@ & \\@ @ &b‘ @ Ikaros
Qg-

A: FUT4J3 3 S MR IR 457 7 5 B B B e S I FUT4)E 2R 11 98 e 2 ifﬂfﬁ‘*i%kz%ﬁﬁiﬂﬂ 48 WJEIE DG ME, LA B AR
SRy Ot B A IS [ IHRR s 1) 28 6 533 ;. C: Tkaros3t FUT4JE )T Ik ) e s Ak PR *iWM’EjJ FIX IR, 25 B Tkaros 525 FUT4
BN ek S e G293 T M, 3 Sl s M ARG 9 563 15 D Ikaros % FUT4 )R zﬂ%ﬂ’ﬁfﬂ%'hﬁ(f“ﬂﬁﬂi%ﬁ Mo LA SRR 2 A0 I, NS Y
Ikaros 5 45 5 pGLA-FUT4-2.4 KbIL 4 Y293 THHN, 43 AL 2 (KA X Z6iE M. #P<0.05, **P<0.01.
A: schematic diagram of promoter deletion constructs of the FUT4 promoter; B: FUT4 promoter activity analysis of serial FUT4 promoter deletion
constructs. FUT4 promoter constructs were transfected into 293T cells, the luciferase activities of the deletion constructs were normalized to the control
group and presented as a relative level of luciferase activity; C: Ikaros binding represses the transcription of FUT4. Ikaros and FUT4 promoter constructs
were transfected respectively into 293T cells, the luciferase activities of the deletion constructs were normalized to the control group and presented as a
relative level of luciferase activity; D: Ikaros in a dose-dependent manner and the longest FUT4 promoter constructs were transfected into 293T cells.
*P<0.05, **P<0.01.

B3 IkarosXf FUT4J3 2hF & MR A4 RIE RIS/

Fig.3 Effect of Ikaros on the activities of FUT4 promoters with different length in the 293T cells

B R AT o FEEIRZM . LA G0 hf BT 3 N 1(100%), T AN
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AT TR T Tkaros6[1) 15 % A pcDNA-Tkaros6, 4 A
[ 751 2 [1)pcDNA3.1-Tkaros6 73 %l 5 pGL4-FUT4-2.4 Kb
LA L N293THH i, 1) FH 2% 0 = Bl i & 2R G0l E %
e, BRAERAR ) L, 8 8 7 IE 7 MR B, Tkaros6 %)
FUT4JR3) ¥ 1) s PETC 20, 35 W] Xlkaros K A2 R
AZIF, il T karos X FUT4 S 211 M 2 (4C) o

2.8 Ikarosi® T B1E FUT4EE (B 3= 1A 22 Mo 40 B &
EFAET

T S MTTYE A AN [5] 15 5] 5 pecDNA3.1-vector
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L2 B 13 5 2R, pcDNA3. 1-vector. pcDNA3.1-
Ikaros. pcDNA3.1-Ikaros64% 4% 24 hf , BEHER 535N
(78.7945.8)%- (88.53+11.1)%. (94.5149.4)%. H]

BE H T3 Je 0] 40 it 4347 , WO AR T 4%
JeHl. 448 hfg, MEHZ 5709 (110.43+11.3)%.
(132.25+7.8)%- (151.94%5.7)%, 21 34 5t 12k 3] w5 06
B, Tkaros6 I FE % & T HAh 24, ZR BB SR
2L (P<0.05). #EHe72 h, Ja IR = AR

FME IR = SR AEKZI, BHEE S AN
(65.2642.69)%. (68.15+3.8)%. (74.77+2.3)%. [d]—
i 1] &5, pcDNA3. 1-vectorXf HE 20 Al pcDNA3.1-Ikaros
IR B AT pcDNA3. 1-Tkaros64H . {HAT SCHR
i th , Tkaros% 44 293 T4 7 )k = SUMOALIE 1M, BE
8 R 3% Tiearos Xof 4 i K64 G #0040 49 Y, WSOARDGS 6]
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(A) (©)
Exon: 2/3 4 5 6 7 8 80 1

B Il N N . Tkaros

= g oo

Relative luciferase activity

(B)

Fut IV uciferas
1 promoter P

-2.4Kb Z/\

A: Tkaros 5 H: 5848 fiTkaros6 i 45 74 7~ 55 I; B: TkarosFlTkaros6 115 FUT4)E 5 T4 il M n B, 2458 5 I8 FIkaros B 2k 2848 Bl Tkaros6 i, ke T
DNARI G475, TG S EFUTAR R 3T b Cr #2581 Tkaros6 Fl1 45 & (I PGLA4-FUT4-2.4 Kb A293 T4 ML, %¢ 5648 76 W 48 4k, Tkaros6
TR 1 TkarosXf FUT4JA 51 A HE FAM#HIE L

A: the structure diagram of Ikaros and its mutant Ikaros6; B: the diagram of Ikaros and Ikaros 6 regulating FUT4 promoter transcription activity, when

the transcription factor Ikaros deletion mutation which lack DNA binding sites, it can not be combined in the FUT4 promoter; C: transfection of Ikaros6
and an equal amount of PGL4-FUT4-2.4 Kb into 293T cells showed no significant change in fluorescence, and Ikaros6 isoform abrogates its repressor
role in FUT4 transcription.

El4 Tkaros63f FUT4 A5 A4 805 RIE M TTHIHIAE R

Fig.4 Non-DNA-binding Ikaros6 isoform abrogates its repressor role in FUT4 transcription

A) (B) x a

< —_—

Q

23 -+ Vector | 5 Z o

2.0 -+ Ikaros 3 .; o

lkaros6 21 kDa @i e e 13,y 3 [

—_— 3

a 1.5 325 2.61 0.84 g =

10 26 kDa e - Bl 7 2

= [}

[=9 =

05 3.37 452 17.05 5 %
(5]

37 kDa " s s GAPDH .2 S

0 24 48 T2 2o g

o] —_—

time (h) o Vector Ikaros lkaros6 E} Vector  Ikaros Ikaros6

A: MTTVEAE RIS [N 1] Belkaros K H JAS R Ikaros6 o LI G O 5281 B e S (4 BIEEI2ASHINAN L 97 T4 5C H F Bax MIBel- 29 14 7KF; 1: peDNA
vector, 2: pcDNA-Ikaros, 3: pcDNA-Ikaros6. **P<0.01, NS: Z 5T E k.

A: Ikaros and its mutant Ikaros6 on cell proliferation were detected in different time by MTT assay; B: Bax and Bcl-2 were detected by Western blot; 1: pcDNA
vector, 2: pcDNA-Ikaros, 3: pcDNA-Ikaros6. **P<0.01, NS: not significance.

5 TkarosX1293T4EREIETEFIE T HIF/NT
Fig.5 Effect of Ikaros isoforms on the proliferation and apoptosis of 293T cells
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A, F Western blotfar U 40 i I T4 5% 25 A B 7K
*F. pcDNA3.1-vector. pcDNA3.1-Ikaros. pcDNA3.1-
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MR, Z5A 80245 U(ESB).

Ikaros, Tkaros6¥% e Jurkat, FUT4[] 3 1A K~V T = (K
6A), Hlkaros6 ZILHTH T HI1EH (El6B).
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(A)

Relative expression level of FUT4

Jurkat-vector Jurkat-Tkaros6

(B) « &
21 kDa - N

A: TkarostE [ HLIp 41 i bk Jurkat PR 5 FUT4 %15 . 3 37 Ikaros 748 R Lenti-Ikaros6 A2 54 41 %, Lenti-Mock{E AXt IR 4L, 43 B IMFUTA) 2Rk
Ko Br Hud% B [ ENZEEAS WA AR IR T AH 5 28 (1 Bax AIBel-27F [ 1973 41 i i Lenti-Mock Al Lenti-Tkaros6 F 2R 1A 7K T
A: Ikaros regulates the expression of FUT4 in Jurkat cell line. Lenti-Ikaros6 and Lenti-Mock were constructed and selected, the relative expression level
of FUT4 was detected. B: Bax and Bcl-2 were detected by Western blot in Lenti-Mock and Lenti-Tkaros6 Jurkat stable cell lines.
El6 IkarosiBiZ FUT4RIFRIE RIVEATAER
Fig 6 Ikaros regulates the expression of FUT4 and its antiapoptotic effect
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