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HOXCS8 Promotes Growth and Migration of Breast Cancer Cells by
Activating GDF15 Transcription

SHI Jialu*, XU Shanshan®, CHEN Rong, CHEN Qian, LI Yong*
(School of Life Sciences, Anhui University, Hefei 230601, China)

Abstract HOX (homeobox) gene family consists of homeodomain-containing transcription factors and
their dysregulation is related to development of various cancers. Previously, it had been reported that HOXC8
which was a member of HOX gene family, promoted migration and metastasis of breast cancer cells. HOXCS8 ex-
pression was found by RNA-seq, Western blot and RT-PCR analyses to result in up-regulation of GDF15 (growth
and differentiation factor 15) in breast cancer cells. HOXCS8 was demonstrated by chromatin immunoprecipitation
and luciferase assays to bind to the promoter of GDF15. As transcription factor, it was to activate GDF15 expres-
sion. Moreover, GDF15 expression promoted cell viability, anchorage-independent growth, migration and the for-

mation of filopodium/lamellipodium of breast cancer cells. It was further demonstrated that HOXC8 promoted cell
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growth and migration by inducing GDF15 expression in breast cancer cells. Additionally, HOXC8 or GDF15 gene

was amplified in invasive breast cancer and up-regulation of HOXCS8 or GDF15 was statistically associated with

poor prognosis of breast cancer patients. Altogether, this study showed that HOXC8-GDF15 axis played an impor-

tant role in breast cancer progression and might present a promising target for breast cancer treatment.
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(sc-1616)1 [ Santa Cruz Biotechnology 2 #; TRIzol
RNA#ZHURA ) &+ Lipofectamine 2000 & 300014 A%
ECL SuperSignalis 7] & 55 % ) H Thermo Scientific
2]y Hopt Ak 0% H Sigma 2 7

1.2 FE
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5 A W3 5% [ ¥ (polymerase chain reaction, PCR)Y ™ 14
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1A% A& pCDH-CMV-MCS-EF1-Puro(System Biosci-
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He & B 5 B AR (Promega, £ [F) . 5191751 0L
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3000%% G 22 41N, 24 hJE 2RI, A5 FOEHR
liF 4l 75 &R St(dual luciferase system, Promega)iff 17 %%
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1.2.3 % & i %.J% 7% (chromatin immunoprecipitation,
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2 ug HOXC8Hu 4 sllgGHE NP1} 1, 4 °Cli & 1t
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Table 1 Primer sequences used in cloning, shRNA and Real-time PCR studies
GlEvEA s gl
Primer name Sequence
GDF15 2.0 Kb promoter F 5'-TCC AGG AGG AGG AGT TTG GGG CCAT-3'

GDF15 1.5 Kb promoter F

GDFI151.0KbF

GDF15 0.5 Kb promoter F

5'-GGA TTT TGG AGT GGG CTG AAG T-3'
5'-CTAAGT TTC TGT CCA GAATTC T-3'
5'-CCA CCT CTC CAG TGA GAG TCT C-3'

GDF'15 promoter R 5'-AAG TAG CGC TTG GTG GTG GGA TTA CAT-3’
ChIP F1 5'-CTG TGA GGA TGG CTT CAA GGT-3'

ChIP R1 5'-GCAAAAAGC CCCTCT TCC AG-3'

ChIP F2 5'-GGC ATG TAA TCC CAC CAC CA-3’

ChIP R2 5'-AGG CAC GTG GAT CAT CTG AC-3'

ChIP F3 5'-CCA GAC AAAAGG ATG GGG TT-3'

ChIP R3 5'-TCC AGG AAG TCT TCT CCAACA TTA-3'

HOXCS8 shRNAL1
HOXCS8 shRNA2
GDF15 shRNA1
GDF15 shRNA2

5'-AAA AGC AAT ATC CCG ACT GTA AAT CTT GGA TCC AAG ATT TAC AGT CGG GAT ATT GC-3'
5'-AAAAGC CTC ATG TTT CCA TGG ATG ATT GGA TCC AAT CAT CCA TGG AAA CAT GAG GC-3'
5'-AAA AGA CCAACT GCT GGC AGA ATC TTT GGA TCC AAA GAT TCT GCC AGC AGT TGG TC-3'
5'-AAAAGC AAG AAC TCA GGA CGG TGA ATT GGA TCC AAT TCA CCG TCC TGA GTT CTT GC-3'

GDF15PCR F 5'-GAG CTG GGAAGA TTC GAA CA-3'

GDF15PCRR 5'-AGA GAT ACG CAG GTG CAG GT-3'

HOXC8 PCR F 5-GGC AAA CTT ACA GCC GGT AT-3'

HOXC8 PCRR 5-TTC AAT CCG ACG TTT TCG T-3'

f-actin PCR F 5'-TGG ATC AGC AAG CAG GAG TAT G-3'

f-actin PCR R 5'-GCATTT GCG GTG GAC GAT-3'

GDF15 cloning F 5'-ATC TAG AAC AGC CAT GCC CGG GCAAGAACT CAG GAC G-3'
GDF15 cloning R 5'-AAG AAT TCT CAT ATG CAG TGG TTT GGC TAA CAA G-3'

B, H7ES60 nmis K A W e B AE

128 AWz &F ot 54%itFa4r  {#HcBioPortal

1.2.5  #IFRGSUIETY AR 5 B0 AR M) 4m 4 52 AR AR Bta
A KA FEOFLAR T, 1 2o 70.6% B i b 141 51 4l
TALAHISIRZER, 2 5 HAE2x10* 410 170.3%
BUREA R 2R . FE4N MBS 7R F R 73~4 S,
TN G4k Tl — B i (INT) 35 V0T 40 . ] B 3k AT e
&, RS P T S T

12,6 @it B Transwell(Costar/A )
TE10 pg/mLII i JF B AR T B A, SRS TE
BEANFLA A KLIS3 104Nl . 37 °CHiF H4~6 h),
FobR L2 5k a0, P45 5 VA O T 2 A e gt
TGt FRTE R N R R A A =

127 RAREFEE B2} 10 M T E
A KW 53 e LRk R AT R R, K218 hiE, H
4% % W IOEAT 4RI 2 . 0.2% Triton X-100
ETRACFELE 10 min, 3% BSAVETR = iR 3E T 5 A, 4R
JE I PFEHFRIC ) BB, 2 iR & 30 min,
I JE (R SR A A N IS4 4.

(http://www.cbioportal.org) ¥ sifi $i& (it 1 7L it 20 e
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FETRCT ) BRI PR e i £ 38 - Kaplan-Meier 73 A7 22 BA
HOXCSHMGDF153% K 3 1 1) Hh A7 BB A O 3 R 3%
IEENMERFATIF R . S22 B N E D34l
SESEE SR BB S A (AR T 22 () HEAT 0 AT,
AR COBLURR) A T B 9 4 308 1 22 e, 24.P<0.0518,
IWNZERBEAGSH 7 E

2 SRR
2.1 IR HOXCSIBIEGDF15M) &Rk
VE NHOX S () — i, HOXCS3f 3 1 i s A
TR HAE R R M RIE . N T 3P BHOXCS
T 7L M g 20 P A AR, FRATT/EMDA-MB-23141 g
G Yt THOXC83R A i ki, 3 #E4T T i St 4Ll
4> Hr(E1A). EMDA-MB-23148 fitd o, F& A1 & B
HOXCSI%&iXi%E S T GDFISH NN FRIE. NTH
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(A)
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UBE20Q2P1
PREX2
PDGFRA
PCDHBI6
CLEC184
©)
W Empty vector
1 O HOXCS
*k s
S0
S5 8
235 6
Eg 4
&
2
o | [ |
MDA-MB-231 MCF7
B Scrambled shRNA
(B) s O HOXCS shRNAI
: B HOXC8 shRNA2
) 1.0
g
o
S35 08
o <
ZZ 06
£2
28 04
0.2
0

MDA-MB-231 MCEF7

(B)
MDA-MB-231 MCF7
Empty vector + — + —
HOXCS 4 L
GDF15 . - —
HOXCS8 — o
B-actin | s ——
(D)
MDA-MB-231 MCF7
Scrambled shRNA + - - + - -
HOXC8 shRNAI — +  — -+ -
HOXC8 shRNA2 — —  + - - 4
GDF15 - !
HOXCS |- |‘ -
Practin | s e — | | ——
(F)
12 = Scrambled sShRNA
’ === HOXCS8 ShRNA
E » 1.0
[}
8508
25 06
§ 0.4 )
0.2
0

02481224 02481224
Time /h
MDA-MB-231 MCF7

A: JEIRNA-seqh MHOXCS1L ik 40 il tf GDF 153 i& /K °F; B: Western blotf Ml HOXC8 ik 3% i& 41 iy H GDF 151 & 117K *F; C: RT-PCRA: il
HOXC8id ik 41 - GDF15 mRNAFIEKF; D: Western bloth MIHOXC87 BR 41 i - GDF 151 £ (17K F; E: RT-PCRIGMHOXC8 TR 4l i v
GDF15 mRNAZF X /KF; F: 2 pg/mLJIZL T & D(actinomycin D)2 FEHOXCSUTERYAML 5, RT-PCREG M GDF15 mRNAFK XK F. **P<0.01,

A: the expression level of GDF15 was detected in HOXCS overexpressed cells by RNA-seq; B: the protein level of GDF15 was detected by Western-
blot in HOXCS overexpressed cells; C: the mRNA levels of GDF15 was determined in HOXCS overexpressed cells by RT-PCR; D: the protein level of
GDF15 was measured in HOXCS8 silenced cells by Western blot; E: the mRNA levels of GDF15 was determined in HOXCS silenced cells by RT-PCR;
F: the mRNA levels of GDF15 was determined by RT-PCR, after the HOXCS silenced breast cancer cells were treated with 2 pg/mL actinomycin D.

**P<0.01.

Ell HOXCSiFz 7 BR 2 4 - GDF 15K FIA
Fig.1 HOXCS regulates the expression of GDF15 in breast cancer cells

W) % 55 2H 0 e 1) R A 4, FRATT33EAT T Western blotAll
RT-PCREZL, 25 3% B /EMDA-MB-23 1 FIMCF 741 i
i, HOXC81 % 1A 1 5% T GDF155% 1 5 mRNAF) 7K
FEIBFIE1C), MHOXCS shRNARE N 5 #MDA-
MB-2315XMCF741 Jitt H GDF 152K [ Jii BkmRNA 7K -
(1) FE(EIIDATEIE). b, FZR 8 DAk 2 41
HAS [F i 8] J, FA1 % BRHOX CS [ sShRNARR AR A 2>
20 GDF15 mRNARFR E M (E1F), & BHHOXC8H

A B BT I T GDF 15 FE R (s 5k i He e ik /K
P
2.2 HOXCSiE{ZEGDFI15H4E 5

N T ik — 45 W FTHOXC8XT GDF15% ik f) i
¥, "AVEGDFI54 K )5 3 7, B A BE1(—2078—
+103) nt?"@# I PCRY ™ 4 I v [ 21 5% o 2 B4 15 %k
RpGL4.23 . F AT K BIHOXCS 1) %K 1A 1T 35 1 51
T GDFI5JA 3 ¥ i i YE(EI2A), TTHOXC8RIK
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BRI

M BH 2 [ A% T GDF15 )3 8 1 [ % sk id M (B2B) . 1X
e S0 K4 R R, AR FLIE 4 P HOXCR 2 5 T
GDF 15 R s 4%

% EHOXC8HIE GDF 155 31 (1 X 45, T84
W T =R FEKE IGDFIS A 31 T 158 b R Bk
LR A A B 2(—1500—+103) nt. F BE3(—1000—
+103) nt. i B4(—500—+103) nt(K2C). 5 GDFI5
KB THE, FATKINHOXCRF LG 5 RGDF15
JA BT BRI e S TE 1, (B0 GDFI5 )3 3 1 B B3
BRAN) B I PR S (BE12D) . %S i g5 AR,
GDFI15)3 &) 1 F Bt2(=1500—+103) nt/2HOXCS
12 GDF 1556 s W B By
2.3 HOXCS#EI.BREMAE+ SGDFISE 1
s

=ARA

% SEHOXC8LEGDFIS A 81 bR 4567 1,

(A) W Empty vector
0 HOXC8
2 Hk *k
s 4.0
E
g 3.0
=
O
= 20
2
(o]
2 1.0 .
= l
Q
S
MDA-MB-231 MCF7
©
GDF15 promoter TSS (+1)
1-2078 [ luc
+103
2 -1500 I luc
+103
3-1000 _:> luc
+103
4 -500 _E luc
+103

FRAT3E iF JASPAR W 3k (http://jaspar.genereg.net) i 17
AT, RIAEGDF15)5 )+ b vl GE A7 E41"HOXC8
G AL R(EIBA). MRAE T2 AL, ATE X IX Eefr
FRBCTE AN PCR I (EI3A), 2R 5 18 FHHOXCS
PUARIEATChIPSL56 . ChIPSZL6 45 B 7R, HOXC84%
4 BIGDFI5JA 8+ AL £i—1038 ntEi—1016 ntib(E
3BMIEI3C). RT-PCREH], S5IgGxfHiAHLEL, HOXCS
TR G KE BT T 1065 0L b BiRg R«
B, 76 FLERE 4N B P HOXC8 T 45 & 2 GDF 155 3
—1038 ntE—1016 ntfA7 £ L.
2.4 GDFISEKARHFAIIFEMMMNEKS TR
e, AT FUMR S 4 B b E AT T GDF1SH)
i (& BN IR 1 R I SR AG M L Th . MTTELES R,
GDF 1513815 2 3 14 3% 7 40 i v& /1 (Bl4A), T ER
GDF 15 A MM T 4 vs 71(KEl4B). TEEUIE 7

B

M Scrambled shRNA
O HOXCS8 shRNA

sk ke

1.2
1.0
0.8
0.6
0.4
0.2

Relative luciferase activity

MDA-MB-231 MCEF7

(D)

Bl Empty vector
0O HOXCS8

4.0 o k% g *k
3k

3.0 4

2.0 4

Relative luciferase activity

1 2 3 4 1 2 3 4
MDA-MB-231 MCF7

A: LY EAT GDF 153 5 T(—2078—+103) nt{)%¢ 6 R AR & BARFIHOXC8F A # K24 h)i, Kl e e HERG IE; B: HL#E Y547 GDF IS 5T
(—2078—+103) ntf% G R EFHR 5 B AAATHOXCS sShRNAZK 424 hih, il R EFIEE; C: FAPCRIEY MR HK W GDFISAsh T, J Itk s
PN RIS HARpGLA.23 0, TSS: #4353 sl s, D: AL YA E GDF 15 )3 8T [1129¢ ' 2 B 75 2R AR FHHOX C84 12 %k 7 14 7L e 4

MU G YE. **+P<0.01.

A: the luciferase activity was measured after 24 h cotransfected with GDF15 promotor reporting vector (—2078—+103) nt and HOXCS expressed vec-

tor; B: the luciferase activity was measured after 24 h cotransfected with GDFI5 promotor reporting vector (—2078—+103) nt and HOXCS silenced

vector; C: different truncates of GDF15 promotor were amplified by PCR and cloned into pGL4.23 vector, TSS: transcription start site; D: cotransfected

with reporting vectors contain different truncates of GDF15 promotors and HOXCS expressed vector, luciferase activity was measured. **P<0.01.
[E2 HOXCS7EZLARFELMAE P IIZGDFISHIEE R
Fig.2 HOXCS regulates GDFI5 transcription in breast cancer cells
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(A) HOXC8-PH0072.1
15
j<]
2 1.0
0.5
0 Lo Lol L] <=
-1208 -1038 ~1016 —653
—& 1 i
-« - — - &
PCR1 PCR2 PCR3
C
© .
20 o [0 HOXCS
k3
15
3
S 10
s 5}
5
0 |
MDA-MB-231 MCF7

(B)
PCR1 PCR2 PCR3
=} - -
S BEg| gEE €
[CESHCESECES CESECES
HE T BE BT BT
MDA-MB-231

MCF7

A: HHJASPAREALHOXCSTEGDFI15)A ) T E Rl e[ 45 A7 55 B: FHHOXC8H A #E1TChIPSLE:, YITE IDNAME FH(A)H Fim 1 51 41347 PCR
P38, AE R NI Z R C: FIHOXC8HU/AIE AT ChIP, 48 5 8 52H 2% 5 EPCRIEA A . **P<0.01.

A: the bind site of HOXC8 in GDF15 promotor was provided by JASPAR; B: the antibody against HOXCS8 was applied in ChIP assay and the precipi-
tated DNA was amplified by PCR with primer which had shown in (A) and the positive results were indicated by rectangular box; C: the result from

ChIP assay was examined by RT-PCR. **P<0.01.

B3 EAREEMPHOXCSEARIGDFISEHT L
Fig.3 HOXCS binds to GDF15 promotor in breast cancer cells

B T2 S 56, GDF 157 3 04 th (5. 35 Hh % 5 1 40 g
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7t TransweliE # 52560 /1, GDF15[1) R IA G 58 [
Y1 3T A% BE S (KI5 A), TIGDF 15 (1) 3 1A 1T 2R U 410 1]
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2.5 HOXCSE T HEGDFI1SHFRIA KR 2L AR
EHERNEKSER

TEBATVE AT IR L, BATRIHOXCR IR
R 0 LI 40 e F0 A KR R 502, i AFRAN A
HOXCS8 shRNA K (1) 48 i 7 i3k 47 GDF 151 &0 i 14
IR R AT RIS . MTT. B v b 7 B AT

Transwel i £ 55 5256 45 S 3R B, HOXC8 I 2 35 1)
il 7 20 M T (6 A) e A i PR A K (6B Bl
T 5 (El6C), T iX Le 4 /E H JL-F-#8 7] #GDF15
() AN Ik 2 T4 T 3 1 (6 A~ E16C) o 3X LRI 1,
HOXC8% . M Ja 240 Mo A= K A A% 1 4 A2l o
TEGDF15[1RIA K SLHLI .
2.6 SFRIEHHOXCSHMGDFIS5ZREEERN
TR REZEHEX

N Y #HE— 25 W FTHOXCS MGDF157E L i &
HI1E F, F A% H cBioPortal (X 3ifi(www.cbioportal.org)
XTHOXC8 S GDF15HEAT T 43 A1 i 73 #2040 2
RO 13 1A F R e I R FE A R B ds, FRATT R BN
HOXC85,.GDF 153 [K] 5 3 H 45 i (1 356 (R 7 488 47 R
RF ) TE i 12 28 M I AL e R (B 7A~E7C). H
[, HOXC8 K GDF153ER 5 1 1) L i £ o i B
LG B3 N E(P=0.024 2)(El7D). X L8l AR
K HIBARE SR, HOXCSHIGDF 155 R1E i 5 28 e 3
Jiges th % 34 _E i, TTHOXC8 5GDF15% 34 i L iff i
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B
(A) 0.6 (B) 03 —— Scrambled shRNA
| MDA-MB-231 — Empty vector MDA-MB-231 = = GDF15 shRNA1
—~ - - GDF15 PR R GDF15 shRNA2
& 04 MCF7 1 q 02
= 4 =
B P<0.05 / S
2 / 2
0.2 a 0.1
5] 4 G
Q P ~ Q
= P<0.05
0 0 — ————
01 23 4 01 2 3 4 01 23 4 012 3 4
Time /d Time /d
© (D) B Scrambled shRNA
B Empty vector 100 O GDF15 shRNA1
200 o5 0 GDFI5 o GDF15 shRNA2
= 150 =
2 g 60
2 100 ¢ E—
o o—
2 5 40
E o
< 50 © 20
&)
0 0
MDA-MB-231 MCF7
MDA-MB-231 MCF7
E DF1 Scrambled GDF15 GDF15
mpty vector - GDFI13 shRNA  shRNAI  shRNA2

MCF7

A: MTTSEE K GDF 1541544 2212 0] PRI A0 35 IR 52 005 B: MTTSR88 A IGDF 15 shRNA TR X FL M 41 s 71 1520, C: 3350 IR 956
Rz I GDF 15 4151 28 325 00 7L s 40 0 8 5 AR AR A A PRS2 0, D: BRBUIR S B0 R I GDF 1520 U7 BA s L I 41 B 6 A0 vk A A AR B

n=3, **P<0.01.

A: the effect of GDF15 over-expressed breast cancer cells on the viability was measured by MTT assay; B: the effect of GDF15 silenced breast cancer

cells on the viability was measured by MTT assay; C: the effect of GDF15 ectopic expressed breast cancer cells on the anchorage-independent growth

was measured by soft agar colony formation assay; D: the effect of GDF15 silenced breast cancer cells on the anchorage-independent growth was

measured by soft agar colony formation assay. n=3, **P <0.01.
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Fig.4 GDF15 promotes breast cancer cells proliferation
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A: the effect of GDF15 over-expressed breast cancer cells on migration was measured by Transwell assay; B: the effect of GDF15 silenced breast cancer
cells on migration was measured by Transwell assay; C: the micromorphology of MCF7 cells transfected by GDF15 over-expressed and empty vetor
was monitored by Fluorescence microscope. Arrows indicated the lamellipodia and filopodium.
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Fig.5 GDF15 promotes breast cancer cells migration
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Fig.6 The function of HOXC8-GDF15 axis in proliferation and migration of breast cancer cells
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Fig.7 Both HOXC8 and GDF15 genes show high amplification in invasive breast cancer cells
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