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HOXBS Directly Regulates the Expression of IL-6
in MCF7 Breast Cancer Cells
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Yonsei University College of Medicine, Seoul 03722, Korea

HOX genes are transcription factors that play important roles in body patterning and cell fate specification during
normal development. In previous study, we found aberrant overexpression of HOXBS in breast cancer tissues and cell
lines, and demonstrated that HOXBS is important in regulation of cell proliferation, tamoxifen resistance, and invasiveness
through the epithelial-mesenchymal transition (EMT). Although the relationship between HOXBS5 and phenotypic changes
in MCF7 breast cancer cells has been studied, the molecular function of HOXBS as a transcription factor remains unclear.

IL-6 has been reported to be involved in not only inflammation but also cancer progression, which is characterized by
the increase of growth speed and invasiveness of tumor cells. In this study, we selected Interleukin-6 (IL-6) as HOXBS5
putative downstream target gene and discovered that HOXBS5 transcriptionally up-regulated the expression of /L-6 in
HOXBS overexpressing MCF7 cells. The upstream region (~1.2 kb) of /L-6 promoter turned out to contain several
putative HOX consensus binding sites. Chromatin immunoprecipitation assay confirmed that HOXBS directly binds to
the promoter region of /L-6 and positively regulated the expression of /L-6. These data all together, indicate that HOXBS
promotes /L-6 transcription by actively binding to the putative binding sites located in the upstream region of IL-6,
which enable to increase its promoter activity in MCF7 breast cancer cells.
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Al Fedk S FEtial 2 AtH(Gehring
and Hiromi, 1986; Wang et al., 2009). Ad¢lo| 4= HOX -
W) wo] FHA 0w 2AH T, MAAH HOX §
Azte] W& o] #HSHAbe et al., 2006), AFa75-SHLi et al.,
2002), A17<K(Cillo et al,, 1992) 5 tFAF3F oAl FF %2
oM B kel A5 223} Al HOX
A2 AR e e e Plas] Bk uf, g
HOX friz=e] o] opdat HlepdollA ztol7t Sl
o] W% THHur et al,, 2014). 53] & ¥H(Fessner et al.,
2014), H(Zhu et al., 2011) 18] 2175 (Kam et al., 2014)
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(Shah et al., 2013).
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Fig. 1. Expression pattern of HOXBS and IL-6 in HOXBS over-
expressing (HOXBS) and control (Empty) MCF7 breast cancer cells.
Two control (Empty, #1 and #2) and three HOXBS overexpressing
cell lines (HOXBS, #1, #2, and #3) were used for RT-PCR analysis.
Beta-actin gene was included as an internal control.

CAT CT-3' (product size: 230 bps), HOXB5%} S-actin internal
control primer+= ©]7! =-(Leeetal., 2015) %+3l,

HOX+= vl % =9l ©huld(Homeodomain protein) =
*] Hox consensus binding sequence (TAAT, ATTA, TTAT,
ATAA, TTAC)E 1A Eo=x fzte] S x4dgh
ttal 2# ] A TKSpitz and Furlong, 2012). 2 Aol A=
HOXB57} IL-69] Hd& A7 Zdshe=A] dotrr] flst
o] WA IL-6 FAAF2] upstream T ZRE 2] H(-1,200 bp
~+50)°ll 4] Hox consensus binding sitesE #2]3}3ITh L

5 ]2 THE Hox consensus binding sitesE X F5}al QL
= upstream *ZEEE] H-9]E5 pGL3-basic plasmide] ==
d &}(IL-6_F1F: 5- GGG TAC GCT CTG ACC GCT GAC
-3', product size: 1,102 bps., IL-6_F2 F: 5'- GGG TAC GCG
TGG GTC GAG AAA -3', product size: 454 bps., IL-6_F1/F2
R: 5- TCC CCG GTT CGA CTG GCC GTT T-3') pGL3-
IL-6_F1/F2 plasmids& A| 28 v, o] F Zepsun] =9
X 2% H &4S Dual-luciferase reporter assay (Promega,
Madison, USA)E &3l 3331 TtE MCF7 cells©] EA]8h=
24 well plated] FA|3do]= A4S 2= pGL3-IL-6_F1/
F29} HOXB5E W3l pcDNA3-HA-HOXBS plasmid
%2 control?] pcDNA3-HA plasmid (empty)E Attractene
transfection reagent (Qiagen, Hilden, Germany)S A}-8-3}o]
o] Edl~#A 3IIT] Internal control 241 pRL-TK Renilla
uciferase vector (Promega)= o] ¥ol5:¢itl EdAAA

Al71aL 48A17F F-oll Dual-luciferase kit (Promega)} Sub-
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scription fluorescence detector (GloMAx 20/20 luMINoMeTeR, 2-5}] Renilla luciferase units (RLU). 2.2 A #5159 T}, Co-
Promega)S ©]-83}9] cell lysatesol| Al 2HAS}= FA| 9 2 o] transfection A]7] 1L luciferase activity} €] HOXBS7} 2}
= @S SAsISIch 24 AjellA B s FAFE S S-S RT-PCRE FR1ISFS1L(Fig. 2A lower-left
o]z ZAJ-2 internal control?] Renilla luciferase 3-8 ©] panel), HOXB57} &Alst= -9l pGL3-IL-6 F1/F2 &
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Fig. 2. Effect of HOXBS5 on IL-6 expression. (A) pGL3-IL-6_F1/F2 plasmids containing different length of the upstream regulatory regions
of TL-6. MCF7 cells were plated at a density of 5.5 >< 10* cells per well in a 24-well plate for transfection. pGL3-IL-6-promoter constructs
(pGL3-IL-6_F1 and F2) were co-transfected with effector plasmids, pcDNA3-HA (Empty) or pcDNA3-HA-HOXBS5 (HOXBS). Transfected
cells were harvested after 48 h of transfection. Luciferase activity was measured and normalized to that of Renilla luciferase used as an internal
control. Data are shown with the mean = SEM of triplicates. *, P<0.001, by Student's #test. (B) Schematic depiction of the ~1.2 kb upstream
regulatory region of IL-6 (Chr7:22725942+22727241 in UCSC genome browser). Putative Hox core consensus binding elements (TAAT/
ATTA/TTAT/ATAA/TTAC) are marked with pink ovals. Black arrow shows ChIP-site. Expression level of HOXBS, IL-6 was analyzed by
RT-PCR in control (Empty) and HOXBS overexpressing (HOXBS) cells (lower left panel). ChIP-PCR analysis in empty and HOXBS
overexpressing MCF7 stable cell lines (lower right panel). Chromatins were precipitated in the presence of anti-HOXBS antibody (lanes 3
and 6) or anti-mouse IgG (lanes 2 and 5), and then the precipitated chromatin was subjected to PCR by using ChIP-specific primers. Input
(prior to immunoprecipitation) was used as an internal control (lanes 1 and 4).
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O EREEH 24o] TS FUE 4 AAUTHFig 2A
lower-right panel). &=, IL-6 F1¢] IL-6 F2¢l| H|3}] HOXB5
o] th3} responsiveness’t w7 U =9k, o|5lo] &
Ao FoFhs FRISIGITE ol/de] AF}Z 5 HOXBS
7} IL-6 A1) promoter S FAgH o2 AT
A IL-6°] HHS STV A o ATk
71 TRy o] YA o] HOXBSS FA A Al
oz ZQA dotrr] fjste], A HARNH 4
(Chromatin immuno-precipitation assay, ChIP)& =24 3}3]
Empty MCF7 cells} HOXB5 #3H& MCF7 cellsS Bl
gt & Qg ol IA AEE FESIQITE HEE 1%
formaldehyde 2 153+ A-=-0| A A A]7]31, glycines
T % 0125 M| HE=E yo] 1S HAFA 2t
£ PBSE wash -, Protease inhibitor (Roche)”} £+
ChIP lysis buffer (1% SDS, 10 mM EDTA, 50 mM Tris-Cl [pH
DE ¥l iceol A 1087 B33t tFS- sonicatorE ©]-&
3o chromatin DNA ©¥# 2] 51717} 500~100 bps ¥ ==
A Z T}, Sonicated sampleS 8,000 xg= 4CollA] 133t
AT & FFd F 50 uLE AHEste] sE 54
I} input O &= ARESEIL LA AEodlS mE ek
protease inhibitor2} RIPA buffer (0.1% SDS, 0.5% sodium
deoxycholate, 1% NP-40, 2 mM EDTA [pH 8.0], 150 mM
NaCl, 50 mM Tris-Cl [pH 8.0]), Protein A/G PLUS-Agarose
(Snata Cruz Biotechnology, Inc.) 12|31 salmon sperm DNA
(10 pgmL)ZE H718 5 4CollA 1213F 52F pre-clear A]
Zth 2,000 pm & 5%7F 4T A Aalde] ¥, S
IS 74 A= tubedl] 7)1, 1gG control (Santa
Cruz, CA, USA., Cat. No. sc-2025)3} anti-HOXB5 antibody
(Santa Cruz, Cat. No. sc-81099)5 712} 7}elqlch. o 7]o|
T}A] Protein A/G PLUS-Agarose (Snata Cruz)S 713k &
4TColA 18213F o] WSS AZlTh A7) &
o] A+ complexE Y42l $F T3 wash buffer (0.1% SDS,
1% triton-x-100, 2 mM EDTA, 20 mM Tris-Cl [pH 8.0], 150 mM
NaCl)Z 33], final wash buffer (0.1% SDS, 1% triton-x-100,
2 mM EDTA, 20 mM Tris-Cl [pH 8.0], 500 mM NaCl)Z 13]
wash&}-1., elution buffer (1% SDS, 100 mM NaHCO,)E A&
3] chromating FZ33t}. %% chromating: reverse
cross-links317] $13F] RNase AS o] 65 CollA] 4A|3F 1t
52171 & PCR purification kit (COSMO Genetech Co.,
Ltd, Seoul, Korea)E ©|-8-3}] F%3F DNAS AAAFIT]
HOXB57} 2141 DNA°| &+ €<18t7] 913 Hox con-
sensus binding site®] X5 318 3}](Fig. 2B, upper panel)

ChIP-PCR primerZS T]A}21 S}aL(IL-6 site 1 F: 5'- GCT TCT
GAA CCA GCT TGA CC-3', IL-6 site 1 R: 5'- GTC TCC TGG
AGC CCT GAA AT-3, product size: 268 bps., IL-6 site 2 F: 5'-
AGG GAG AGC CAG AAC AC-3!, IL-6 site 2 R: 5- CAG
CAC TTT GGC ATG TCT TG-3', product size: 286 bps., IL-6
site 3 F: 5'- CAA GAC ATG CCA AAG TG-3', IL-6 site 3 R: 5'-
GCC TCA GAC ATC TCC AGT CC-3', product size: 299 bps.),
A8k DNAE template® ChIP-PCRS S=3j3}5iTh HA
HOXB5 23 MCF7 cellsell 4] IL-6 mRNA®] H&o] 5
7Hg& RT-PCR= 218 5, Z47}e] primer® ChIP-PCR
< 33 A3} ChlP site 13} ChIP site 201 HOXB57} &
=t e & 7 AATHFIg. 2B). ©]/de] AFEHFE,
HOXBS & AlEollr vehs= IL-69] B S7k=
HOXB57} 24 S =& [L-6 upstream promoter A1 E 3} A%+
gto 22X of7|¥th= AP 7] site 1, site 2 Aol EA)
3= Hox consensus binding site”} 5 8.3+ &5 3t Fo]
e s 758 F AAgrk

oj/del Ay oM U elM 71 HOXBS7) IL-6
A2l upstream X ZEE] X Hofl EA]3}= Hox con-
sensus binding sitesl] 214 B0 2H 62 Z2RE &
e STHA IL-6 frAe] BES A om 2dT
b= AL 9usitl. H Shah $(2013)S f-detoll A
HOXB13°] ER-alpha& ©lAI3HL [L-6 T8-S ST S
2] tamoxifen 433} invasivenessE =K TRl B
BT AP ATl HOXBS7F bt
Hapbd kel 5213} invasiveness’l FFEHHE A
B3k v} O™ (Lee et al, 2015), o= olule ZAFQIRE
91 HOXB57} IL-62] ZA Dol 217 Agslo] 116 ¥
Fo] fimo] UEhd AR f5Eolth H BaE
o 7lEd FAR R 7]Eo] vdo] WSl w7

—

A e e

] =¥ (personalized therapy)©] 17, #-8% 3 9lv}. w}
A], HOXB59] target AR IL-6°] O 24 7)1
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