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  HOX genes are transcription factors that play important roles in body 

patterning and cell fate specification during normal development. Among 

them, HOXB5, is involved in a variety of developmental processes, 

particularly during the enteric nervous system (ENS) development, and thus, 

abnormalities in HOXB5 function during embryonic stages lead to 

Hirschsprung’s disease. Importantly, many HOX genes, including HOXB5, 

are expressed not only during embryogenesis, but also in adults and are 
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deregulated in various cancers. In a previous study, we found aberrant 

overexpression of HOXB5 in breast cancer tissues and cell lines and 

demonstrated that HOXB5 is important in the regulation of cell proliferation 

in breast cancer cells. Also, HOXB5 induces invasive potential of cancer 

cells through epithelial-mesenchymal transition (EMT). The relationship 

between HOXB5 and phenotypic changes in MCF7 breast cancer cells has 

been studied; however, the functions of HOXB5 as a transcription factor and 

its involvement in signaling pathways remain unclear. In this study, we 

selected putative downstream target genes of HOXB5, such as interleukin 

(IL)-6, Snail2 and epidermal growth factor receptor (EGFR) by PCR array 

analysis. These genes have been reported to be involved in cancer 

progression, which is characterized by increased growth speed and 

invasiveness of the tumor cells. Here, we discovered that HOXB5 

transcriptionally up-regulated the expression of these genes by directly 

binding to the promoter regions. Kaplan-Meier analysis of the distant 

metastasis free survival (DMFS) for ERα-positive patients with breast 

cancer showed the correlation of high HOXB/EGFR expression with a poor 

survival. Mechanistic investigations showed that HOXB5 activated the 

MAPK/Src pathway, not Akt, via EGFR phosphorylation to promote cancer 

invasiveness. 

Taking all into consideration, our results establish that HOXB5 

up-regulates IL-6, Snail2, and EGFR expression via direct binding to the 

promoter regions and increases cell invasion through activating 

EGFR/MAPK/Src pathway. We expect that these data would help diagnose 

and contribute to personalized therapy in breast cancer patients. 

 

 

 

------------------------------------------------------------------------------------------------------- 

Key words : breast cancer, HOXB5, target genes, signaling pathway
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I. INTRODUCTION 

 

1. HOX gene 

 

HOX genes, a highly conserved group of homeobox genes, encode 

transcriptional factors which play crucial roles during normal development 

and differentiation.1-2 In higher-order animal such as mammals, 39 HOX genes 

are organized into 4 clusters (A, B, C, and D) located on 4 different 

chromosomes (Fig. 1). Each HOX genes are positioned 3’ to 5’ within a 

cluster.3 During development, 3’ HOX genes are expressed earlier in anterior 

tissues whereas 5’ genes are expressed later in posterior tissues.4 Spatially and 
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temporally regulated HOX gene expression influences body patterning of the 

anterior-posterior (A-P) axis during embryonic development.5 HOX proteins 

bind to specific regions of DNA called the HOX consensus binding site 

(TAAT/ATTA/TTAT/ATAA/TTAC) in order to transcriptionally activate or 

repress target genes. HOX genes are also expressed in adult tissues in which 

expression patterns are conserved and maintained in a tissue specific manner 

and give special morphological identities.6 HOX proteins regulate various 

cellular pathways such as cell proliferation, cell adhesion, migration and 

apoptosis. Deregulated HOX gene expression has been implicated in 

tumorigenesis, cancer progression, and metastasis. Aberrant HOX gene 

expression was observed in various cancers. Also, a large number of HOX 

gene studies have already been conducted in breast cancer.7-9 

 

 

 

 

 

Figure 1. Genomic organization of HOX genes and their collinear expression 

during development. 
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2. Breast cancer 

 

Cancer, fundamentally unbalanced disease between cell proliferation and 

cell death, is a major public health problem worldwide and is a leading cause 

of death. For women, breast cancer is the most common type of cancer and is 

expected to account for 29% of all new cancer diagnosed.10 Breast cancer 

usually begins in the ducts or lobules and can metastasize to the lymph node 

and distant organs such as bone, brain, liver, and lungs. There are four 

molecular subtypes of breast cancer that are based on the heterogeneous 

expression of the estrogen receptor (ER), progesterone receptor (PR), and 

HER2: Luminal A, luminal B, HER2-enriched, and triple-negative. Each 

subtype represents distinct morphologies and clinical implications.11 

Dominantly diagnosed today in breast cancer, ER-positive type is able to 

benefit from ER-targeted therapy by using aromatase inhibitors, such as 

tamoxifen or selective ER downregulators as well as surgery.12 Despite the 

relative safety and significant therapeutic effects of endocrine therapy, 

patients who have received the endocrine therapy confront the key issue of 

resistance.13 For decades, a lot of studies have been conducted on the 

mechanisms of breast cancer. Innumerable researchers recently revealed that 

signaling pathways of as hormone receptors, RTKs, and mTOR is involved in 

cancer progression, metastasis, and resistance to treatment.14-15 To know the 

mechanism and to find out biomarkers for diagnosis and treatment may 

contribute to treating patients suffering from breast cancer. 

 

3. HOXB5 gene 

 

HOXB5 is involved in a variety of developmental processes including lungs, 

guts, and neural crest development.16-18 HOXB5 and its roles and functions 

have been consistently reported in multiple types of cancer.19-23 According to 

our previous study, HOXB5 gene expression was significantly higher in 
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malignant tissues than in non-malignant tissues and is associated with poor 

clinical outcomes in ER positive breast cancer. Also, we have demonstrated 

that HOXB5 contributes to cell proliferation, invasion, tamoxifen resistance 

and epithelial-mesenchymal transition (EMT) phenotype by conducting gain 

and loss of function studies of HOXB5 in ER positive breast cancer cells (Fig. 

2).24-25 The relationship between HOXB5 and its phenotypic changes in MCF7 

breast cancer cells has been studied, however, the functions of HOXB5 as a 

transcription factor and its involvement in signaling pathway remains unclear. 

To find out HOXB5 putative target genes, we have analyzed the expression 

pattern of cancer associated genes in HOXB5 overexpressing MCF7 cells. We 

suspect that HOXB5 could be used in personalized therapy for breast cancer 

by investigating downstream target genes and understanding the related 

mechanisms. 

 

 

 

 

 

 

Figure 2. Mimetic diagram showing a positive effectiveness of HOXB5 on tumor 

progression in ER positive breast cancer. 

. 
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II. MATERIALS AND METHODS 

 

1.  Cell culture and maintenance of HOXB5 overexpressing MCF7 cells 

 

MCF7 and HEK293T cells were maintained at 37°C in an atmosphere of 

5% CO2 using following conditions. MCF7 and HEK293T were cultured in 

Dulbecco’s modified eagle’s medium (DMEM;WelGENE Inc., Daegu, 

Korea). The media were supplemented with 10% of fetal bovine serum (FBS, 

WelGENE Inc.) and 1X antibiotic antimycotic solution (WelGENE Inc.). 

Generation of HOXB5 modulated cell lines is described in the previous 

study.
25

 To maintain an in vitro model of HOXB5 overexpression, MCF7 

breast cancer cells were grown in the presence of G418 (geneticin, 

Gibco-BRL, Invitrogen, Inc., CA, USA). Cells were sub-cultured when the 

cells reached 80% confluence. 

 

2.  Total RNA Isolation 

 

Total RNA from the cultured cells was isolated by using Trizol reagent 

(Invitrogen, Carlsbad, CA, USA). 200 ul of chloroform were added for 1 ml 

Trizol and shake vigorously by hand up and down. The samples were kept at 

room temperature for 5 min, centrifuged at 12,000 rpm for 15 min at 4°C. 

The obtained supernatant was transferred into a new vial, and 500 ul of 

isopropanol was added, and they were inverted 4 times, and then kept at 

room temperature for 10 min. Then samples were centrifuged for 10 min at 

12,000 rpm at 4°C. The pellet was washed with 75% of ethanol, air-dried and 

dissolved in DW and stored at -20°C. The concentration and purity of RNA 

were measured using the Nano-drop by the ratio of absorbance at 260 nm 

and 280 nm. 

 

3.  PCR array analysis 
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RNA samples from HOXB5 overexpressing and control MCF7 cells were 

used for Human Breast Cancer RT2ProfilerTM PCR Array system by 

SABiosciences. 

 

4.  RT-PCR 

 

1 ug of total RNA was reverse transcribed (RT) with ImProm-ⅡTM 

Reverse Transcriptase (Promega, Madison, WI, USA) in ImProm-Ⅱ 5 X 

reaction buffer (Promega) with 4mM MgCl2, 20 U Ribonuclease Inhibitor, 1 

mM each of the dNTPs and 100 pmole of oligo dT primer. PCR was 

performed in replicates using 0.625 U of Taq DNA polymerase (Bioneer, 

Inc., CA, USA) in 10 X reaction buffer (100 mM Tris-HCl, 400 mM KCl, 15 

mM MgCl2, [pH9.0]), 10 mM each of the dNTPs, and 10 pmole of primers. 

PCR was performed by subjecting the samples to the following conditions: 

initial denaturation at 95°C for 4 min, followed by 25 or 35 cycles of 

amplification by denaturation at 94°C for 40 sec, annealing at 55 or 57°C for 

20 sec, extension at 72°C for 30 sec, and a final extension at 72°C for 10 min. 

The amplified complementary DNA (cDNA) fragments were then separated 

on 1.5% agarose gels and visualized by adding ethidium bromide (EtBr). For 

quantitative PCR (qRT-PCR), each cDNA samples was amplified using 

SYBR green PCR Master Mix (Applied Biosystems, calrlsbad, CA, USA) 

and then subjected to real time PCR quantification using the ABI7300 

(Applied Biosystems). All reactions were done in triplets, and the relative 

amounts of all mRNAs were calculated by using the comparative CT method. 

Beta-actin mRNA was used as an endogenous control to normalize each 

sample. All primer sequences were provided in Table 1. 

 

5.  Dual Luciferase assay 
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A. Construction of receptor plasmids 

Genomic DNA of cultured cells was isolated and used for PCR templates. 

To generate HOXB5 putative target gene reporter plasmids, different 

genomic DNA fragments were amplified using pfu-X polymerase (Solgent, 

Seoul, Korea) and cloned into pGL3-basic vector (Promega, Madison, WI, 

USA) using KpnⅠ and SmaⅠ restriction enzyme sites to generate a 

luciferase reporter constructs. Restriction enzyme sites were incorporated via 

forward and reverse primers (Table 2). 

 

B. Luciferase assay 

(1) Co-transfection 

pGL3-basic construct (Promega) containing each of EGFR, IL-6, and Snail2 

promoter region sequence, with an internal control (0.02 ug/well pRL-TK 

Renilla luciferase vector, Promega), were transiently co-transfected with 

pcDNA3-HA-HOXB5 or pcDNA3-HA vector (1 ug/well) into HEK-293T 

cells and MCF7 cells in a 24-well plate, using Attractene Transfection 

Reagent (QIAGEN, Hilden, Germany). Transfection was carried out in 

triplicate. 

(2) Luciferase assay 

Forty-eight hours post-transfection, growth media were removed and the 

cells were washed gently with phosphate buffered saline (PBS) and lysed in 

1 x passive lysis buffer (Dual Luciferase kit, Promega) with gentle rocking 

for 20 min at room temperature. Cell lysates were harvested and assayed by 

Promega Subscription Fluorescence detector (GloMAx 20/20 

luMINoMeTeR) using the Dual-luciferase kit (Promega). Relative luciferase 

units were measured and normalized against Renilla luciferase activity. 

Assays were conducted in triplicate in a single experiment and then as three 

independent experiment. 

 

6.  Site-directed mutagenesis 
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Site-directed mutagenesis was conducted in EGFR reporter plasmid 

construct using one-step PCR method. The HOX consensus binding site was 

deleted by PCR. PCR product was incubated with DpnI (10 U/ul) at 37°C for 

2 hr to digest parental DNA and transformed into competent cells. All primer 

sequences were provided in Table 2. 

 

7.  Sequence analysis 

 

The upstream region of IL-6, Snail2, and EGFR were analyzed using the 

UCSC genome browser gene sorter program. Putative HOX consensus 

binding sites (TAAT/ATTA/TTAT/ATAA/TTAC) were searched manually 

in the upstream region of IL-6 (1.2 kb), EGFR (1.2 kb) and Snail2 (2 kb). 

 

8.  Chromatin immune-precipitation (ChIP) assay 

 

For the ChIP assay, antibodies were purchased from Snata Cruz 

Biotechnology, Inc. (Santa Cruz, CA, USA); anti-HOXB5 antibody (Cat. No. 

sc-81099) and IgG controls for mouse (Cat. No. sc-2025). ChIP assays were 

performed following the protocol outlined by the manufacturer (Abcam) with 

minor modifications. Briefly, cells were cross-linked with 1% formaldehyde 

for 15 min at room temperature. The cross-linking was stopped by adding 

glycine (0.125 M final concentration), and cells were incubated for 10 min. 

After washing twice with cold PBS, the cells were re-suspended in ChIP 

lysis buffer (1% SDS, 10 mM EDTA, 50 mM Tris-Cl [pH8]), containing 

protease inhibitor (Roche), and kept on ice for 10 min. The chromatin was 

sonicated 48 times for 10 sec on ice to generate DNA fragments with an 

average length of 500-1000 bp, followed by centrifugation at 8000 xg for 1 

min. The supernatants were collected and the DNA content of the pooled 

samples was measured at A260, and the samples were stored at -80°C. These 



- 11 - 

 

fractions represent the cross-linked whole cell extracts ready for 

immune-precipitation. One percent of the supernatants fraction was saved to 

quantitate the amount of input DNA. The rest of lysates were pre-cleared in 

RIPA buffer (0.1% SDS, 0.5% sodium deoxycholate, 1% NP-40, 2 mM 

EDTA [pH8.0], 150 mM NaCl, 50 mM Tris-Cl [pH8.0]) with protease 

inhibitor mixture, Protein A/G PLUS-Agarose (Snata Cruz Biotechnology, 

Inc.) and salmon sperm DNA (10 ug/ml) for 1 hr at 4°C. After pre-clearing, 

equal amounts of DNA were used for immuno-precipitation with the 

appropriate antibodies. After immune-precipitation (at 4°C, overnight), 

antibody bound complexes were collected with protein A/G agarose beads. 

Precipitates were washed 3 times each with 1 ml of wash buffer (0.1% SDS, 

1% triton-x-100, 2 mM EDTA, 20 mM Tris-Cl [pH8.0], 150 mM NaCl), 1 

time with 1 ml of final wash buffer (0.1% SDS, 1% triton-x-100, 2 mM 

EDTA, 20 mM Tris-Cl [pH8.0], 500 mM NaCl). Extraction of 

antigen/antibody complexes was done with 120 ul of elution buffer (1% SDS, 

100 mM NaHCO3). The complexes were then eluted from the beads and the 

cross-links were reversed by incubating at 65°C for 4 hr. Finally, the DNA 

was purified by using PCR purification kit (COSMO Genetech Co., Ltd, 

Seoul, Korea) and eluted with 50 ul of TE. After reversal of cross-linking, 

nucleic acids were eluted and analyzed by ChIP-PCR. All primer sequences 

are provided in Table 3. 

 

9.  Western blot 

 

Cells were lysed in Nondet P-40 (NP-40) lysis buffer (50 mM Tris-Cl, pH 

8.0, 150 mM NaCl, 1% NP-40) with 1x Protease Inhibitor Cocktail (Roche, 

Mannheim, Germany) and 1x Phosphatase Inhibitor Cocktail (Roche). 

Protein concentrations were estimated by the BCA Protein Assay Kit 

(Thermo Scientific, Rockford, IL USA). Whole cell extracts were 

fractionated by SDS-PAGE and transferred to a polyvinylidene difluoride 
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(PVDF) membrane using a transfer apparatus according to the 

manufacturer’s protocols (Bio-Rad). After incubation with 5% skim milk or 

BSA in TBST (10 mM Tris, pH 8.0, 150 mM NaCl, 0.1% Tween 20) for 60 

min, the membrane was incubated with antibodies at 4°C for 16 hr. 

Membrane were washed three times for 15 min using TBST and incubated 

with a 1:5000 dilution of horseradish peroxidase-conjugated anti-mouse or 

anti-rabbit antibodies in blocking buffer for 2 hours. After the immune 

blotting, the signals were detected using SuperSignal West Pico 

Chemiluminescent Substrate (Thermo Scientific). Rabbit anti-EGFR (#4267; 

dilution 1:1000; Cell Signaling Technology, Inc. MA, USA), rabbit 

anti-phospho-EGFR (Tyr1068) (#3777; dilution 1:500; Cell signaling), 

mouse anti-Src (#2110; dilution 1:1000; Cell signaling), rabbit 

anti-phospho-Src (Tyr416) (#6943; dilution 1:1000; Cell signaling), mouse 

anti-MEK1/2 (#4694; dilution 1:1000; Cell signaling), rabbit 

anti-phospho-MEK1/2 (Ser217-221) (#9154; dilution 1:500; Cell signaling), 

mouse anti-Akt1 (#2967; dilution 1:1000; Cell signaling), rabbit 

anti-phospho-Akt (Ser473) (#4058; dilution 1:500; Cell signaling), rabbit 

anti-phospho-Akt (Thr308) (#9275; dilution 1:500; Cell signaling), and 

mouse anti- β-actin (ab6276; dilution 1:10000; Abcam, Cambridge UK) were 

used to detect each protein. 

  

10.  Kaplan-Meier Survival analysis 

 

The Kaplan Meier plotter, which program is available on 

(http://kmplot.com), is capable of assessing the effects of 54,675 genes on 

survival using 5,143 breast cancer samples. Gene expression data and relapse 

free and overall survival information were downloaded from GEO 

(Affymetrix microarrays only), EGA and TCGA. To analyze the prognostic 

value of HOXB5, IL-6, Snail2 and EGFR genes, the patient samples were 

split into low- and high- expression groups using the median as the auto 
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select best cutoff. Distant metastasis-free survival (DMFS) time was 

measured from the data of operation to the data of the first distant metastasis. 

 

11.  Small interfering RNA (siRNA)-based knockdown 

 

For the knockdown studies, the MCF7 cells were transfected with 50 nM 

siRNA using G-fectin reagent (Genolution Pharmaceuticals, Seoul, Korea). 

Following the manufacturer’s instructions, siRNAs were purchased from GE 

Dharmacon(Waltham, MA, USA) ; ON-TARGETplus Non-targeting pool 

(Cat. # D-001810-10-05 5 nmol) and ON-TARGETplus Human EGFR 

siRNA-SMARTpool (Cat.# L-003114-00-0005 5 nmol). 

 

12.  Matrigel invasion assay 

 

Matrigel™ (BD) was mixed with coating buffer (0.01 M Tris, pH 8.0 and 

0.7% NaCl) to a final concentration 200-300 μg/ml. Individual inserts were 

coated with 100 μl of coating solution in a 24-well plate. Then, 5 × 104 cells 

were added to the top of this Matrigel™ layer. The culture medium with 

10% FBS was added to the lower chamber as a chemoattractant. The cells 

were incubated at 37°C for 24-72 hr. The cells that had invaded through the 

Matrigel™ and reached the lower surface of the filter were stained with 

fluorochrome 4',6-diamidino-2-phenylindole (DAPI) and observed by 

fluorescent microscopy. The acquired images were analyzed using the 

ImageJ software. 
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Table 1. Primers used for RT-PCR and qRT-PCR. Genomic location describes 

the region between the primer pair 

 

 
Forward primer (5’-3’) Size 

(bp) 
Genomic location 

Reverse primer (5’-3’) 

HOXB5 
CCAATTTCACCGAAATAGACG 

189 Chr17:48592448-48593303 
CGGTCATATCATGGCTGATG 

EGFR 
ATAGTCGCCCAAAGTTCCGTGAGT 

170 Chr7:55268027+55268966 
ACCACGTCGTCCATGTCTTCTTCA 

SNAIL2 
CCTGGTTGCTTCAAGGACAC 

215 Chr8:49831369-49832490 
GTGTGCTACACAGCAGCC 

IL-6 
GAACCTTCCAAAGATGGCTG 

230 Chr7:22768371+22771055 
CAGGGGTGGTTATTGCATCT 

PGR 
TCGAGCTCACAGCGTTTCTA 

183 Chr11:100909874-100912729 
CACCATCCCTGCCAATATCT 

cJUN 
CCCCAAGATCCTGAAACAGA 

163 Chr1:59248491-59248653 
GCTGGACTGGATTATCAGGC 

cMYC 
TCCTCGGATTCTCTGCTCTC 

180 Chr8:128751163+128752718 
CTCTGACCTTTTGCCAGGAG 

CST6 
CTACTTCCGAGACACGCACA 

201 Chr11:65779716+65780822 
GGAACCACAAGGACCTCAAA 

TFF3 
ACCATGAAGCGAGTCCTGAG 

235 Chr21:43733634-43735529 
GGATCCTGGAGTCAAAGCAG 

Beta actin 
CATGTTTGAGACCTTCAACACCCC 

318 
Chr5:142904463-142904780 

(Mouse) GCCATCTCCTGCTCGAAGTCTAG 

The + indicates this is on the positive strand. The – indicates this is on the 

negative strand. 

 

 

 

 

 

 

https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=587031993_DEsF7Aqf9qTSM325CIGn8LA5Xhb2&db=mm10&position=chr5:142904463-142904780&hgPcrResult=pack
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Table 2. Primers for the amplification of different genomic constructs for 

luciferase assay 

 

 Primer sequence (5’-3’) 
Size 

(bp) 

Genomic 

location 

KpnI-EGFR F1 
GGGGTACCCCCTTCAGAGACAG

CAAAGG 
1132 

Chr7:550179

00+55019122 

KpnI-EGFR F2 
GGGGTACCCCGTCGGTGCCATT

ATCC 
548 

Chr7:550185

75+55019122 

SmaI-EGFR R 
TCCCCCGGGGCGGCCGCGCTGC

GCCGG 
  

KpnI-Snai2 F1 
GGGGTACCGTCCTGACGCCGAT

CTGT 
2020 

Chr8:489214

21-48923440 

KpnI-Snail2 F2 
GGGGTACCTGTCAAAAGTGTGA

GAGAAT 
827 

Chr8:489214

21-48922247 

SmaI-Snai2 R 
TCCCCCGGGTTACGAACTGAGC

CCGTTTT 
  

KpnI-IL-6 F1 
GGGGTACCGCTTCTGAACCAGC

TTGACC 
1102 

Chr7:227260

60+22727161 

KpnI-IL-6 F 2 
GGGGTACCGCGATGGAGTCAG

AGGAAAC 
454 

Chr7:227267

08+22727161 

SmaI-IL-6 R 
TCCCCCGGGTGAGACTCTAATA

TTGAGAC 
  

muta-EGFR-atta 

del F 

GAACGCCCCTCTCGGAAACTCC

TCAGGGCACCCGCTC 
  

muta-EGFR-atta 

del R 

GAGCGGGTGCCCTGAGGAGTTT

CCGAGAGGGGCGTTC 
  

Genomic location describes the region between the primer pair. The + indicates 

this is on the positive strand. The – indicates this is on the negative strand. 

KpnI and SmaI sites are in italic bold. 
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Table 3. Primers used for ChIP-PCR. Genomic location describes the region 

between the primer pair 

 

 
Forward primer (5’-3’) Size 

(bp) 
Genomic location 

Reverse primer (5’-3’) 

IL-6 

site 1 

GCTTCTGAACCAGCTTGACC 

268 Chr7:22726060+22726327 
GTCTCCTGGAGCCCTGAAAT 

IL-6 

Site 2 

AGGGAGAGCCAGAACAC 

286 Chr7:22766252+22766537 
CAGCACTTTGGCATGTCTTG 

IL-6 

Site 3 

CAAGACATGCCAAAGTG 

299 Chr7:22766518+22766816 
GCCTCAGACATCTCCAGTCC 

Snail2 

Site 1 

CCAGGTTCCAGTTTGTGTG 

335 Chr8:49835238-49835572 
GTTTCTAACAGGTGCTGGAGG 

Snail2 

Site 2 

GTCTGCAATGGACAGAGATG 

392 Chr8:49834779-49835170 
CACCGGACATTCTCTCACAC 

EGFR 

Site 1 

AGCAAAGGGCAGGTCTGTAG 

164 Chr7:55017912+55018075 
TCTCCTGCAGTAAAAATGTCCTC 

EGFR 

Site 2 

ACGGCTGTTTGTGTCAAGC 

166 Chr7:55085935+55086100 
AGCACCCTCGAAATCATCTG 

EGFR 

Site 3 

CCAGGCCAGCCTCTGAT 

174 Chr7:55086190+55086363 
CCCCTTTCCCTTCTTTTGTT 

EGFR 

Site 4 

TTGGCTCGACCTGGACATAG 

223 Chr7:55086385+55086607 
GAGGGAGGAGAACCAGCAG 

The + indicates this is on the positive strand. The – indicates this is on the 

negative strand. 

 

https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=587033501_iEIsSMeApbtVaqnxdnaJrO4dqNUE&db=hg38&position=chr7:22726060-22726327&hgPcrResult=pack
https://genome.ucsc.edu/cgi-bin/hgTracks?hgsid=587033501_iEIsSMeApbtVaqnxdnaJrO4dqNUE&db=hg38&position=chr7:55017912-55018075&hgPcrResult=pack
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Table 4. Functional gene grouping for PCR array analysis 

 

Class Genes 

Tumor 

classification 

markers 

Luminal A-C 
ESR1 (ERα), FOXA1, GATA3, KRT8, KRT18, 

SLC39A6, TFF3, XBP1 

HER2-like ERBB2(HER2), GRB7 

Basal-like/Triple 

negative 

BIRC5, EGFR, KRT5, NOTCH1 

Metastasis to lung ID1, MMP2 (Gelatinase A), PTGS2 (COX2) 

Signal transduction 

Steroid 

receptor-mediated 

AR, BRACA1, CCNE1, CTNNB1, ESR1 (ER), ESR2 

(ER), IGF1, KRT19, PGR, RB1 

Hedgehog BCL2, CCND1, GLI1, SNAI2 

Glucocorticoid IGFBP3, NME1 (NM23A), NR3C1 (GRL) 

 APC, CCND1, CTNNB1, SFRP1 

 AKT1, ERBBE (HER2), IGF1, IGF1R, PTEN 

 BIRC5, NOTCH1 

 
MAPK1 (ERK2), MAPK3 (ERK1), MAPK8 (JNK1), 

TP73 

EMT CTNNB1, NOTCH1, SRC, TGFB1, TWIST1 

Angiogenesis 
CDH13, CTNNB1, EGF, ERBB2 (HER-2, NEU), ID1, IL6, JUN, NOTCH1, 

PLAU (UPA), PTEN, SERPINE1 (PAI-1), SLIT2, THBS1 (TSP-1), VEGFA 

Cell adhesion 

ADAM23, APC, BCL2, CDH1 (E-Cadherin), CDH13, CDKN2A (p16INK4a), 

CSF1 (MCSF), CTNNB1, EGFR (ERBB1), ERBB2 (HER-2, NEU), PTEN, 

TGFB1, THBS1 (TSP-1) 

Proteolysis ADAM23, CST6, CTSD, MMP2, MMP9, PLAU (UPA), PYCARD (TMS1, ASC) 

Apoptosis 

AKT1, APC, BAD, BCL2, CDH1 (E-Cadherin), CDKN1A (p21CIP1, WAF1), 

CDKN2A (p16INK4a), GSTP1, IGF1, IL6, JUN, MUC1 (mucin), NME1 (NM23), 

RARB, SFN (14-3-3σ, YWHAS), SFRP1, TP53 (p53), TP73, TWIST1 

Cell cycle 

APC, BCL2, CCNA1, CCND1, CCND2, CCNE1, CDK2, CDKN1A (p21CIP1, 

WAF1), CDKN1C (p57Kip2), CDKN2A (p16INK4a), JUN, MKI67, MYC, PTEN, 

RASSF1, RB1, SFN (14-3-3σ, YWHAS), TP53 (p53) 

DNA damage & 

repair 

APC, ATM, BRCA1, BRCA2, CCND1, CDKN1A (p21CIP1, WAF1), MAPK1 

(ERK2), MGMT (AGT), MLH1, SFN (14-3-3σ, YWHAS), TP53 (p53), TP73 

Xenobiotic 

transport 
ABCB1 (MDR1, PGY1), ABCG2 (BCRP) 

Transcription 

factors 

AR, CTNNB1, ESR1 (ERα), ESR2 (ERβ), FOXA1, GATA3, HIC1, JUN, MYC, 

NOTCH1, NR3C1 (GRL), PGR, PRDM2 (RIZ1), RARB, RB1, TP53 (p53), TP73, 

XBP1 
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III. RESULTS 

 

1. Analysis of HOXB5 putative target genes in breast cancer cells 

 

HOX genes are not only involved in pattern formation during embryogenesis, 

but also have regulatory roles in adult tissues. In our previous studies, HOXB5 

was reported to be aberrantly up-regulated in malignant human breast 

tissues.24 Additionally, forced HOXB5 expression was found to promote 

phenotypic transitions such as proliferation, invasion, and tamoxifen 

resistance in MCF7 breast cancer cells.25 Since, we have investigated the 

function of HOXB5, we aimed to study the role of HOXB5 as a transcription 

factor in breast cancer. 

 

A. Gene expression profile of HOXB5 overexpressing MCF7 cells by 

PCR array analysis 

 

To select HOXB5 putative downstream target genes, the mRNA 

expression levels of genes commonly known to be involved in cancer 

signaling pathways and other normal biological processes during 

breast carcinogenesis were analyzed in HOXB5 overexpressing and 

control MCF7 breast cancer cells. Among 84 genes involved in 

cancer pathways associated with cancer adhesion, apoptosis, cell 

cycle, invasion and metastasis, 11 genes, IGFBP3, CCNA1, JUN, 

MYC, EGFR, PLAU, ABCG2, KRT5, IL6, CST6 and SNAI2, were 

significantly up-regulated by >2-fold in the HOXB5 overexpressing 

MCF7 cells compared to the control MCF7 breast cancer cells. 13 

genes, TFF3, PGR, XBP1, RARB, ESR1, SLC39A6, CTSD, CDH13, 

SFRP1, APC, THBS1, GSTP1, CDKN1C, were significantly 

down-regulated by >2-fold in the HOXB5 overexpressing cells. 

Among these genes, SNAI2 (49.65-fold), CST6 (19.48-fold), IL-6 
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(16.44-fold), EGFR (5.37-fold), MYC (4.8-fold) and JUN (3.37-fold) 

had the highest up-regulation in the HOXB5 overexpressing MCF7 

cells. TFF3 (-10.9-fold) and PGR (-5.69-fold) had the highest 

down-regulation in these cells (Fig. 3A-B). To make sure that there is 

a correlation between the variable expression levels, we drew a 

scatter plot based on the fold changes of gene expression of the 

HOXB5 overexpressing group compared to the control group. The 

graph suggests that 10 genes showed differences when we set the 

standard as cut-off value of 4 and that these genes might have the 

possibility as HOXB5 target genes (Fig. 3C). 
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C 

Figure 3. Human breast cancer PCR array profile. (A) Heat map showing 

changes in expression of mRNA levels in HOXB5 overexpressing vs 

control cells. The color represents the level of gene expression. Red 

indicates an increase in gene expression, whereas green indicates a 

decrease. (B) Plate labeling with gene annotations and fold changes of 

expression. A: the gene expression is relatively low in sample. B: the 

expression level is low, in both control and test samples. (C) Scatter plot 

showing the values of log10 (2^(-Avg.(Delta(Ct))) of each gene in 

control group samples (X-axis) versus the group 1 samples (Y-axis). 

mRNA names depicted in the figure are the top differentially regulated 

mRNAs. Red dots, higher mRNA expression; green, lower mRNA 

expression. 
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B. Analysis of HOXB5 putative target genes and their mRNA 

expression in HOXB5 overexpressing MCF7 stable cell lines 

 

To investigate HOXB5 putative target genes and to also confirm the 

PCR array data in our in vitro HOXB5 overexpressing model, we 

analyzed the mRNA expression levels of genes in different cloned 

cells expressing HOXB5 or empty vector. Using MCF7 breast cancer 

cells, two cell lines transfected with empty vector, and four cell lines 

transfected with HOXB5 expression vector, were selected and used. 

We focused on genes which showed differences in the PCR array 

analysis. RT-PCR and qRT-PCR was carried out using total RNAs 

(Fig. 4). cJUN and cMYC was excluded from the HOXB5 target 

genes, because there were variations on the expression levels in each 

cell lines. Except two genes, similar results were obtained in different 

cell lines. In HOXB5 overexpressing cells, the mRNA expression 

level of PGR was reduced. Regretfully, it has already been reported 

that PGR is not a direct target gene of HOXB5, and so we did not 

further investigate the role PGR.26 These results indicate that EGFR, 

IL-6, and Snail2 genes might be HOXB5 target genes. 
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Figure 4.  Gene expression levels in different cloned cells expressing 

HOXB5 or control. (A) RT-PCR analysis of HOXB5, SNAIL2, CST6, IL-6, 

cJUN, PGR, TFF3, and beta-actin genes among control and HOXB5 

overexpressing cells. (B-H) In empty or HOXB5 overexpressing cells, 

mRNA expression was performed followed by qRT-PCR of genes which 

was selected by PCR-array analysis.; (B) HOXB5, (C) EGFR, (D) Snail2, 

(E) IL-6, (F) PGR, (G) cJUN, (H) cMYC. The data are the mean of three 

independent replicates ± SEM. *, P<0.05, **, P<0.01, ***, P<0.001, by 

Student’s t-test. 

A 

B 

C D E 

F G H 
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2. Effect of HOXB5 on putative target genes 

 

PCR data suggest that HOXB5 regulates the expression of putative 

target genes, but it is not clear whether HOXB5 regulates the expression 

of these genes in a transcriptional or a post-transcriptional manner. The 

transcriptional activation of IL-6, Snail2, and EGFR by HOXB5 can 

positively regulate mRNA expression. To demonstrate whether HOXB5 

regulates transcriptional expression of these genes by directly binding to 

the promoter, luciferase promoter assay and chromatin 

immune-precipitation (ChIP) analysis was performed. 

To investigate whether HOXB5 could function as a direct transcriptional 

regulator for IL-6, Snail2, and EGFR gene expression, we analyzed the 

promoter region from ~1.2 kb upstream (-1200) to ~100 bp downstream 

(+100) of the IL-6 and EGFR transcription start site (TSS) and from ~ 2 

kb upstream (-2000) to ~100bp downstream (+100) of the Snail2 TSS in 

the search of putative HOX consensus binding sites 

(TAAT/ATTA/TTAT/ATAA/TTAC). A plenty of putative HOX consensus 

binding sites were detected; IL-6 (16 sites, Fig. 5), Snail2 (44 sites, Fig. 

6), and EGFR (9 sites, Fig. 7). In accordance with the paper27-28 and the 

HOX consensus binding sites, we selected two promoter regions with 

different lengths in each gene; IL-6 F1 (1102 bp spanning -1082 to +20), 

IL-6 F2 (454 bp spanning -414 to +20), Snail2 F1 (2020bp spanning 

-2000 to +20), Snail2 F2 (827bp spanning -807 to~+20), EGFR F1 (1223 

spanning -1132 bp to +91), and EGFR F2 (548 bp spanning -457 to +91). 
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Figure 5. Schematic depiction and sequence analysis of the ~1.2 kb 

upstream regulatory region of IL-6. IL-6 promoter sequence analysis 

shows several Hox core consensus binding elements. Putative Hox core 

consensus binding elements (TAAT/ATTA/TTAT/ATAA/TTAC) are 

marked with pink circles and written in red italic capitals. Black arrow 

shows ChIP-PCR sites which region is shadowed orange, purple and green 

color in sequence. The transcriptional start site (TSS) is written in bold 

capital. Primers used for upstream promoter amplification for a reporter 

(pGL3-IL-F1/F2) construction are indicated in red arrows. 
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Figure 6. Schematic depiction and sequence analysis of the ~2 kb 

upstream regulatory region of Snail2. Snail2 promoter sequence analysis 

shows several Hox core consensus binding elements. Putative Hox core 

consensus binding elements (TAAT/ATTA/TTAT/ATAA/TTAC) are 

marked with pink circles and written in red italic capitals. The 

transcriptional start site (TSS) is written in bold capital. ChIP-PCR region 

is shadowed purple and green. Primers used for upstream promoter 

amplification for a reporter (pGL3-Snail2-F1/F2) construction are 

indicated in red arrows. 
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Figure 7. Schematic depiction and sequence analysis of the ~1.2 kb 

upstream regulatory region of EGFR. EGFR promoter sequence analysis 

shows several Hox core consensus binding elements. Putative Hox core 

consensus binding elements (TAAT/ATTA/TTAT/ATAA/TTAC) are 

marked with pink circles and written in red italic capitals. The 

transcriptional start site (TSS) is written in bold capital. ChIP-PCR region 

is shadowed orange, purple, green, and blue color. Primers used for 

upstream promoter amplification for a reporter (pGL3-EGFR-F1/F2) 

construction are indicated in red arrows. 
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A. IL-6, Snail2, and EGFR promoter activity is increased by HOXB5 

The promoter region of each gene was amplified from genomic DNA 

fragments and cloned into luciferase reporter plasmid (pGL3-basic 

vector) by using incorporated restriction enzyme sites (KpnI and SmaI) 

(Fig. 8, 11, 14). To confirm that the cloned vector truly represents 

luciferase activity, we performed a promoter assay in HEK293T cells 

and MCF7 cells. The promoter activity was observed in every cloned 

vector (Fig. 9A, 12A, 15A). 

To test the HOXB5 effectiveness on each promoter region, the reporter 

activity was analyzed in the presence or absence of HOXB5 in MCF7 

cells. Reporter activity was induced in IL-6 F1 (about 1.5 fold), IL-6 F2 

(about 1.4 fold), Snail2 F1 (about 1.5 fold), Snail2 F2 (about 1.2 fold), 

EGFR F1 (about 5.3 fold), and EGFR F2 (about 3.7 fold) by 

co-transfection with the effector plasmid (pcDNA3-HOXB5) expressing 

HOXB5, which confirmed that this induction was due to the 

overexpression of HOXB5. Also, we discovered that there was a 

statistically significant difference between the F1 and F2 constructs (Fig. 

9BC, Fig. 12BC, Fig. 15BC). Taken together, this is convincing 

evidence that HOXB5 truly enhances the promoter activity of IL-6, 

Snail2, and EGFR, even though there are degrees of difference. 

Since the EGFR shows the most significant increase on promoter 

activity changes driven by HOXB5 among the HOXB5 putative target 

genes, we focused on the EGFR promoter region. Since both constructs 

represented HOXB5 effectiveness, we supposed that the HOX 

consensus site which exists in the same region of both constructs must 

have an important role. To further investigate, we mutated an ATTA site 

which exists on the -252~ -255 region from TSS (Fig. 16A). Using the 

EGFR F1 construct as a PCR template, we conducted site-directed 

mutagenesis PCR for ATTA deletion. The primers used for mutation are 

listed in Table 2. Successful mutation was confirmed by checking 

colony PCR on a 0.8% agarose gel (Fig. 15B) and by sequencing from 

Cosmogenetech. HOXB5 effectiveness on both constructs, ATTA 

deleted (pGL3-EGFR-F1 del) or normal, were observed in MCF7 cells 

(Fig. 16C). Contrary to our expectations, there was no statistically 

significant difference on HOXB5 effectiveness between the mutated and 

normal construct (p-value=0.43). According to these data, we suggest 

that EGFR transcription is positively regulated by HOXB5, yet the 

ATTA site at the -252~ -255 is not crucial in the regulation of EGFR 

promoter activity. 
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B. An increase in transcription of IL-6, Snail2, and EGFR was caused 

by HOXB5 binding 

To make sure that the increase of promoter activity is due to the 

direct binding of HOXB5, we conducted ChIP analysis using 

HOXB5 overexpressing or control MCF7 cell lines. Based on our 

knowledge, we created ChIP-PCR primers including binding sites 

for further confirmation whether HOXB5 truly binds to this region 

(Table 2 and Fig. 10A, 13A, 17A). HOXB5-bound chromatin, 

isolated from in vitro cells stably overexpressing HOXB5 or control, 

were sonicated to approximately 500 bp (Fig. 10B, 13B, 17B), and 

then immune-precipitated with anti-HOXB5 antibody and control 

IgG. The HOXB5-bound fragments were amplified with a specific 

primer set. The PCR product of IL-6 site 1 and IL-6 site 2 region 

was detected in HOXB5 overexpressing cells. There is no binding 

on IL-6 site 3 (Fig. 10D). In Snail2 gene, there was no binding in 

Snail2 site 1 in both cells. On the contrary, HOXB5 binding was 

detected in Snail2 site 2 (Fig. 13D). We captured the PCR product 

on sites 1, 2, and 3 of EGFR, but not on site 4. Also, EGFR site 2 

showed strong binding of HOXB5 among these sites (Fig. 17D). In 

accordance with ChIP-PCR, we confirmed that the expression levels 

of IL-6, Snail2, and EGFR mRNA were positively induced by 

HOXB5 in the HOXB5 overexpressing breast cancer cells (Fig. 10C, 

13C, 17C). Pieced together, these results demonstrate that HOXB5 

promotes IL-6, Snail2, and EGFR transcription by actively binding 

to specific binding sites on the promoter region. 
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Figure 8. Cloning of IL-6 promoter into the pGL3-basic vector. (A) 1102 

bp (F1) and 454 bp (F2) of IL-6 promoter were cloned into pGL3-basic 

vector and 8 plasmids were restriction enzyme digested with KpnI and 

SmaI and all plasmids have the insert. (B) pGL3-IL-6 F1/F2 plasmid 

DNA map. IL-6 promoter construct was cloned into pGL3-Basic vector 

using enzyme sites KpnI and SmaI which were incorporated via forward 

and reverse primers.  

A 

B 
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Figure 9. HOXB5 positively regulates IL-6 promoter activity. (A) Relative 

luciferase reporter activities of individual constructs was assayed by dual 

luciferase reporter assay in HEK-293T and MCF-7 cells. (B) mRNA level 

of HOXB5 and beta-actin in different transfection conditions. MCF7 cells 

were plated at a density of 5.5 x 10
4

 cells per well in a 24-well plate for 

transfection. (C) pGL3-IL-6-promoter constructs (pGL3-IL-6-F1 and F2) 

were co-transfected with effector plasmids, pcDNA3-HA (empty) or 

pcDNA3-HA-HOXB5. 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 t-test. 

A 

B 

C 
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Figure 10. ChIP-PCR shows the HOXB5 binding in the promoter region 

of IL-6. (A) Schematic depiction of the ~2 kb upstream regulatory region 

of IL-6. Putative Hox core consensus binding elements 

(TAAT/ATTA/TTAT/ATAA/TTAC) are marked with pink circles. Black 

arrow shows ChIP-site. (B) Chromatin DNAs were isolated from empty 

vector and HOXB5 expression vector transfected stable cell lines and then 

sonicated. The sonicated DNA samples were loaded on 1% agarose gel 

along with 1kb DNA ladder. (C) mRNA levels of HOXB5, IL-6 and 

beta-actin in control (lane 2) and HOXB5 overexpressing cell line (lane 

1). (D) ChIP-PCR analysis of empty and HOXB5 overexpressing MCF7 

stable cell lines. Chromatins were precipitated in the presence of 

anti-HOXB5 antibody (lane 3, 6) or anti-mouse IgG (lane 2, 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 (lane 1, 4).  

A A 

B 

C 
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Figure 11. Cloning of Snail2 promoter into the pGL3-basic vector. (A) 

2020 bp (F1) and 827 bp (F2) of Snail2 promoter were cloned into 

pGL3-basic vector and 7 plasmids were restriction enzyme digested with 

KpnI and SmaI and all plasmids have the insert. (B) pGL3-Snail2 F1/F2 

plasmid DNA map.  Snail2 promoter construct was cloned into 

pGL3-Basic vector using enzyme sites KpnI and SmaI which were 

incorporated via forward and reverse primers.  

A 

B 
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Figure 12. HOXB5 positively regulates Sanil2 promoter activity. (A) 

Relative luciferase reporter activities of individual constructs was assayed  

by dual luciferase reporter assay in HEK-293T and MCF-7 cells. (B) 

mRNA level of HOXB5 and beta-actin in different transfection 

conditions. MCF7 cells were plated at a density of 5.5 x 10
4

 cells per well 

in a 24-well plate for transfection. (C) pGL3-Snail2-promoter constructs 

(pGL3-Snail2-F1 and F2) were co-transfected with effector plasmids, 

pcDNA3-HA (empty) or pcDNA3-HA-HOXB5. 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 

t-test. 
  

A 

B 

C 
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Figure 13. ChIP-PCR shows direct binding of HOXB5 in the promoter 

region of Snail2. (A) Schematic depiction of the ~2 kb upstream regulatory 

region of Snail2. Putative Hox core consensus binding elements 

(TAAT/ATTA/TTAT/ATAA/TTAC) are marked with pink circles. Black 

arrow shows ChIP-site. (B) Chromatin DNAs were isolated from empty 

vector and HOXB5 expression vector transfected stable cell lines and then 

sonicated. The sonicated DNA samples were loaded on 1% agarose gel 

along with 1kb DNA ladder. (C) mRNA levels of HOXB5, Snail2 and 

beta-actin in control cell line (lane 2) and HOXB5 overexpressing cell 

lines (lane 1). (D) ChIP-PCR analysis of empty and HOXB5 

overexpressing MCF7 stable cell line. Chromatins were precipitated in the 

presence of anti-HOXB5 antibody (lane 3, 6) or anti-mouse IgG (lane 2, 

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 (lane 1, 4).  
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B 
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Figure 14. Cloning of EGFR promoter into pGL3-basic vector. (A) 1223 

bp (F1) and 548 bp (F2) of EGFR promoter were cloned into pGL3-basic 

vector and 8 plasmids were restriction enzyme digested with KpnI and 

SmaI and all plasmids have the insert. (B) pGL3-EGFR F1/F2 plasmid 

DNA map.  EGFR promoter construct was cloned into pGL3-Basic 

vector using enzyme sites KpnI and SmaI which were incorporated via 

forward and reverse primers.  

A 

B 
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Figure 15. HOXB5 positively regulates EGFR promoter activity. (A) 

Relative luciferase reporter activities of individual constructs was assayed  

by dual luciferase reporter assay in HEK-293T and MCF-7 cells. (B) 

mRNA level of HOXB5 and beta-actin in different transfection conditions. 

Control means no transfection. MCF7 cells were plated at a density of 5.5 x 

10
4

 cells per well in a 24-well plate for transfection. (C) 

pGL3-EGFR-promoter constructs (pGL3-EGFR-F1 and F2) were 

co-transfected with effector plasmids, pcDNA3-HA (empty) or 

pcDNA3-HA-HOXB5. 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 t-test. 

A 

B 

C 
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Figure 16. Deletion of HOX consensus binding sites and its promoter 

activity. (A) Schematic depiction of the EGFR promoter luciferase 

reporter construct, which deleted one of Hox consensus binding elements 

(ATTA; -252 - -255 from TSS site). (B) The mutated pGL3-EGFR F1_del 

plasmid samples were loaded on 0.8% agarose gel along with 1kb DNA 

ladder. HOX consensus binding sequence (ATTA) was deleted using 

site-directed mutagenesis PCR method. (C) Relative luciferase reporter 

activities of pGL3-EGFR-promoter constructs (pGL3-EGFR-F1 and 

F1_del) were co-transfected with effector plasmids, pcDNA3-HA (empty) 

or pcDNA3-HA-HOXB5. Data are shown with the mean ± SEM of 

triplicates. P-value by Student’s t-test. 
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Figure 17. ChIP-PCR shows direct binding of HOXB5 in the promoter 

region of EGFR. (A) Schematic depiction of the ~1.2 kb upstream 

regulatory region of EGFR. Putative Hox core consensus binding elements 

(TAAT/ATTA/TTAT/ATAA/TTAC) are marked with pink circles. Black 

arrow shows ChIP-site. (B) Chromatin DNAs were isolated from empty 

vector and HOXB5 expression vector transfected stable cell lines and then 

sonicated. The sonicated DNA samples were loaded on 1% agarose gel 

along with 1kb DNA ladder. (C) mRNA levels of HOXB5, EGFR and 

beta-actin in control cell line (lane 2) and HOXB5 overexpressing cell 

lines (lane 1, 3). (D) ChIP-PCR analysis of empty and HOXB5 

overexpressing MCF7 stable cell lines. Chromatins were precipitated in 

the presence of anti-HOXB5 antibody (lane3, 6) or anti-mouse IgG (lane 

2, 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 (lane 1, 4).  

A 

B 

C 

D 



- 40 - 

 

3. Clinical significance of HOXB5 and target genes in breast cancer 

We have already reported that there is correlation between HOXB5 

expression and poor distant metastasis-free survival rate in ER 

positive breast cancer (Fig. 18A). To know the relevance between the 

HOXB5 target genes expression and survival, and also between 

HOXB5 co-expression with target gene and survival, we analyzed 

Kaplan-Meier analysis in breast cancer patients. Since we do not 

have clinical data, we used an online database (www.kmplot.com) 

which was set up using gene expression data and survival 

information on 5,143 patients downloaded from the NCBI Gene 

Expression Omnibus (GEO; Affymetrix microarrays only), the 

European Genome-phenome Archive (EGA), and The Cancer 

Genome Atlas (TCGA).  

The ER positive breast cancer patients with only higher IL-6 

expression have probability in DMFS (HR=0.6, p-value=0.018). On 

the other hand, higher co-expression of IL-6 and HOXB5 does not 

affect any survival statistically (HR=1.23, p-value=0.23) (Fig. 18BE). 

Sadly, there was no correlation between higher Snail2 level and death 

in DMFS with all patients (HR=1.24, p-value=0.042) and DMFS 

with ER positive patients (HR=0.68, p-value=0.042). Only the DMFS 

group with co-expression of Snail2 and HOXB5 shows a slight 

statistical correlation with survival rate (HR=1.31, p-value=0.01) (Fig. 

18CF). Higher expression of EGFR (HR=1.62, p-value=0.0043), as 

well as higher co-expression of HOXB5 and EGFR (HR=1.56, 

p-value=0.0206), is linked to poor DMFS for patients with ER 

positive breast cancer (Fig. 18DG). Furthermore, in comparison with 

HOXB5 alone or EGFR alone, the co-expression of HOXB5 and 

EGFR is shown to have more negative effects on DMFS in ER 

positive patients according to Kaplan-Meier analysis. 

Collectively, EGFR, among the HOXB5 putative target genes, 

shows more severe prognosis when expressed with HOXB5 in ER 

positive breast cancer patients. 

http://www.kmplot.com/
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Figure 18.  Kaplan-Meier survival analysis of distant metastasis-free 

survival (DMFS) based on online database. Survival was compared 

between the –high and –low expression groups. Single gene expression of 

HOXB5 (A), IL-6 (B), Snail2 (C), and EGFR (D) and co-expression of 

IL-6 (E), Snail2 (F), and EGFR (G) with HOXB5 were separated 

expression –high and –low group and analyzed DMFS for all and ER 

positive breast cancer patients. DMFS: distant metastasis-free survival, 

ER: estrogen receptor. The survival was measured until 300 mo. 
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4. HOXB5 is involved in regulating the activity of EGFR as well as 

downstream Ras/Raf/MEK and Src signaling pathway 

Since, we have investigated the function of HOXB5, we aimed to 

study how HOXB5 is involved in cell migration and invasion 

signaling pathways. We focused on EGFR which is regulated by the 

direct binding of HOXB5 on its promoter region as well as 

implicated for poor prognosis in patients. To examine whether 

HOXB5 regulates the expression level of EGFR protein, the 

expression level of EGFR protein was measured in HOXB5 

up-regulated and control cells by western blot. EGFR protein 

expression level was significantly increased in HOXB5 

overexpressing cell lines compared with controls. According to 

countless reports in cancer study, EGFR activates downstream 

signaling proteins such as receptor tyrosine kinase. It initiates several 

signal transduction cascades such as PI3K/AKT/mTOR, JAK/STAT, 

Src, and RAS/Raf/MEK pathways.29 These pathways are associated 

with each other and together regulate cancer cell proliferation, 

invasion, migration, and metastasis.  

To verify which downstream signaling pathway of EGFR is affected 

by forced HOXB5 overexpression, we tried to compare the protein 

expression and phosphorylated protein level as a representative of 

each pathway in HOXB5 overexpressing and control cells. Prior to 

checking downstream factors, we found out that EGFR was 

phosphorylated on the Y1068 site in cells overexpressing HOXB5. 

From this result, we got the evidence that forced HOXB5 induces the 

activity of EGFR as well as protein level. Akt1, as a key molecule in 

the PI3K pathway, show no correlation with HOXB5 in both protein 

level and protein activity. On the other hand, EGFR downstream 

mediator; Src and another EGFR downstream signaling member; 

MEK1/2, demonstrate more intensive activated form of Y416 site in 

Src and of S217/221 site in MEK1/2. Nevertheless, the proteins do 

not have relevance to amount of protein expression (Fig. 19). 

Consistent with these mechanical changes, HOXB5 overexpression 

increased the ability of breast cancer cells to invade across Matrigel 

(Fig. 20). 
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All together, we could predict that EGFR driven by HOXB5 

positively activates invasiveness by phosphorylating the Y1068 site 

which results in a cascade reaction through Src and MEK1/2. 
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Figure 19.  HOXB5 promotes EGFR expression and activates EGFR 

downstream signaling. Immunoblotting analysis of EGFR, 

phosphorylated(p)-EGFR (Y1068), Src, p-Src (Y416), MEK1/2, 

p-MEK1/2 (S217/221), AKT, p-AKT1 (S473), p-AKT1 (T308), and 

beta-actin in MCF7-HOXB5 (two clones: MCF7:HOXB5#2, #3) and 

control (two clones: MCF7:empty #1, #2) cells. 
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Figure 20.  Effects of HOXB5 overexpression on cell invasiveness in 

MCF7 breast cancer cell lines. (A) The photograph shows a representative 

image of each HOXB5 overexpressing and control group. Cell counting 

results (B), total area (C), and % area (D) for invaded cells as shown in (A).  

*, P<0.05, **, P<0.01, ***, P<0.001 vs MCF7_empty#1 

A B 

C D 
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5. The invasiveness role of EGFR in HOXB5 overexpressing MCF7 

breast cancer cells 

 

From the survival data and the functional experiment, we present 

evidence that EGFR overexpression in HOXB5 overexpressing 

MCF7 breast cancer cells are related to invasiveness with poor 

prognosis. In addition, there were studies already established, 

suggesting that EGFR induce invasiveness in cancer cells.30 To 

explore whether EGFR which driven by HOXB5 has a key role in 

invasiveness, we transfected EGFR-siRNA in HOXB5 

overexpressing MCF7 cells. We set up the invasion assay after 

confirming the maintenance of RNA interference (RNAi) 

effectiveness for 96 hours. For the invasion assay, cells were plated 

onto a trans-well post 24-hr siRNA transfection (Fig. 21A). 

Successful knockdown of EGFR mRNA expression in EGFR-siRNA 

transfected HOXB5 overexpressing cells was observed by RT-PCR. 

HOXB5 was stably overexpressed in this condition (Fig. 21B). In 

order to verify whether EGFR modulates the invasion ability, the 

trans-well assay with matrigel was performed. EGFR-siRNA 

transfected HOXB5 overexpressing MCF7 cells showed significantly 

decreased invasion ability compared to the control groups which 

were transfected with si-control or not transfected with any siRNAs 

(Fig. 21C). From the results, we found that the knockdown of EGFR 

reduced invasiveness in HOXB5 overexpressing MCF7 cells. 
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Figure 21. EGFR knock-down effectiveness in HOXB5 overexpressing 

MCF7 breast cancer cells. RT-PCR analysis of HOXB5, EGFR, and 

beta-actin in control and siRNA treatment conditions. (A, B) The 

photograph shows a representative image of each HOXB5 overexpressing 

and control cells according to siRNA treatment status. (C) Cell counting 

results (D), total area (E), and % area (F) for invaded cells as shown in 

(C).  *, P<0.001 
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IV. DISCUSSION 

 

This study provides experimental evidence to explain how HOXB5 regulates 

its target genes in ER positive breast cancer cells. In addition, we discovered 

that HOXB5 contributes to breast cancer progression in the pathway especially 

related with invasiveness. 

HOX gene has the most important role during embryogenesis in pattern 

formation. Recently, the ectopic expression of HOX genes has been reported to 

be present in malignant tissues and cells such as lung cancer,31 cervical 

cancer,32 gastric cancer,33 renal carcinoma,34 colon cancer,35 and breast 

cancer.
24, 36

 Based on their global significance for development and their 

frequent deregulation in cancer, HOX genes provide a key point to explore the 

relationship between tumorigenesis and embryogenesis. Among the HOX 

genes, HOXB5 was reported to be aberrantly up-regulated in malignant human 

breast tissues. Additionally, forced HOXB5 expression was found to promote 

phenotypic transitions such as proliferation, invasion, and tamoxifen resistance 

in MCF7 breast cancer cells.25 Therefore, we have investigated the function of 

HOXB5 as a transcription factor in breast cancer. The present study is the first 

to demonstrate the regulations of HOXB5 target genes and the mechanistic 

contribution of HOXB5 in breast cancer cells. 

First, we analyzed the gene expression patterns in HOXB5 overexpressing 

cells and control cells to sort out the HOXB5 putative target genes in MCF7 

breast cancer cells. According to the PCR array results, we suggested that 

genes that showed differences have the possibility as HOXB5 target genes. We 

retrieved similar results in different cell lines by confirming the expression 

pattern in our in vitro HOXB5 overexpressing cells through RT-PCR and 

qRT-PCR (Fig.3, 4). Some genes, such as cJUN and cMYC were excluded 

from the HOXB5 target genes, because they showed variation on the 

expression level in each cell lines. Also, while PGR showed reduced mRNA 

expression level, it has already been published that PGR is not a direct target 
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gene of HOXB5.26 According to these data, we selected IL-6, Snail2, and 

EGFR genes as HOXB5 putative target genes and investigated further. 

Since bi-directional communication with surrounding microenvironments 

is essential for cancer cell survival and expansion. The interaction between 

immune system and tumor cell is important and has been investigated. Also, 

tumors can use the immune system to stay alive and grow. Recent evidence 

shows that IL-6 is a principal player linking chronic inflammation to cancer 

by suppressing tumor initiation and succeeding growth and metastasis.37-38 

IL-6, a putative HOXB5 target gene, is a pro-inflammatory cytokine 

secreted from immune cells such as T-cell and macrophage and activates 

downstream signaling by binding on membrane receptors. Also, IL-6 is used 

as a prognostic indicator of poor outcome in cancer patients including 

gastric, pancreatic, melanoma, breast and lung cancer.39-40 It has been 

reported that breast cancer progression and TAM resistance is associated 

with IL-6 expression mediated by HOXB13.27, 41 Although many papers 

have revealed the role of IL-6 in breast cancer, the connection between IL-6 

and HOXB5 has not been studied. 

Tumor progression is a complicated process occurring via a coordinated 

series of cellular and molecular processes.42 One of the mechanisms that can 

explain tumor progression is epithelial mesenchymal transition (EMT), 

which is the first step in epithelial tumor invasion and metastatic cascade of 

tumor cells. Tumor cells that acquire mesenchymal phenotypes through 

EMT induction readily invade surrounding tissues and result in aggressive 

behavior and poor clinical outcome.43 EMT process begins with the 

functional loss of E-cadherin, an epithelial marker. At the transcriptional 

level, E-cadherin is repressed by Snail2 binding to E-box motif on the 

promoter region.44 Snail2 (Slug) is a member of the zinc finger transcription 

factors. The expression of Snail2 gene is known to be associated with 

various physiological functions such as gastrulation, neural crest formation, 

and various developmental processes.45 Moreover, Snail2 is a well-known 
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factor related to the regulation of invasion in various carcinomas, such as 

breast cancers,46 gastric cancers,47 and colon cancers.48 Various studies have 

used Snail2 as a mesenchymal marker to verify EMT. In our previous study, 

we have shown that Snail2 expression level, together with EMT markers, 

was increased along with HOXB5 expression in MCF7 cells.25 

The other HOXB5 putative target gene, EGFR, is shown in various cancer 

studies which revealed inappropriate expression level and mutation of 

EGFR correlate with poor prognosis and more malignant characteristics.29, 49 

EGFR is reported to be expressed in 14-91% of patients with breast cancer, 

and several studies revealed that EGFR has clinical values to be a biomarker 

for prognosis and a target for therapies.
50

 Some breast cancer researches 

demonstrated that there is a connection between tamoxifen resistance and 

EGFR which is mediated by HOXB7 in the mechanism of endocrine 

resistance.28 Here, we try to understand the regulation mechanism and the 

key role of EGFR which is changed by the HOXB5 level in MCF7 breast 

cancer cells. 

Transcription factors (TFs) typically regulate gene expression by 

incorporated action of many cis-regulatory elements, including promoter 

elements, as well as various cis-regulatory modules that are located far from 

the transcription start site (TSS), such as enhancer, silencers, insulators, and 

tethering elements.51 A lot of homeoproteins have been reported to have the 

function as transcriptional regulators, such as activator and repressor. The 

homeodomain proteins of HOX gene mediate sequence-specific interaction 

with DNA elements by recognizing a core DNA consensus sequence (TAAT, 

ATTA, TTAT, ATAA, TTAC).52 A recent study showed that HOXB13 

confers transcriptional induction by directly binging to the promoter region.27 

One of the well-known studies about HOX genes in the field of breast cancer is 

the positive regulation of the EGFR gene transcription by HOXB7 by adhering 

to the HOX consensus binding site of the promoter region.28 In gastric cancer 

study, they reported that HOXB5, which is overexpressed in gastric cancer, 
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directly regulates beta-catenin expression.22 Consistent with these studies, we 

have taken their concepts to discover the ways of target gene regulation with 

HOXB5 as a transcription factor. We choose the promoter region and 

ChIP-PCR amplification sites of each putative target gene according to the 

distribution of HOX binding sites and the ENCODE data which represents 

ChIP results of various transcription factors. Here, the upstream promoter 

regions of IL-6, Snail2, and EGFR show that they contain several putative 

HOX consensus binding sites and act as a docking site for HOXB5 (Fig. 5, 6, 

7). The luciferase reporter assay clearly showed that the promoter regions of 

IL-6 (~1.2 Kb), Snail2 (~2 Kb), and EGFR (~1.2 Kb) have transcription 

enhancing activities, which is positively regulated by HOXB5 (Fig. 9, 12, 15). 

In all three HOXB5 target genes, the long fragment exhibited statistically 

higher promoter activity than the short fragment, which can be partially 

explained by the long fragment has more binding sites. Using ChIP assays, we 

found that HOXB5 can stimulate the target genes expression through directly 

binding to the HOX consensus binding sites in the promoter regions; IL-6 

(-1082~-815 bp, -509~-224 bp) ; Snail2 (-1171 ~ -779 bp) ; EGFR 

(-1110~-958 bp, -790~-625 bp, -535~-361 bp) (Fig. 10, 13, 17). According to 

our ChIP-PCR data, the binding of HOXB5 had different affinities on each 

amplificon.53 We suggest that these differences are either based on the 

DNA-binding specificities of transcription factors or the number of binding 

sites at each location. With these data, we propose evidence to support that 

HOXB5 directly activates the transcription of IL-6, Snail2, and EGFR genes in 

MCF7 breast cancer cells by binding to the respective promoter regions. 

Recently, there has been a trend of treating breast cancer by incorporating not 

only surgery and chemotherapy, but also based on molecular types. Although 

the triple negative type breast cancer is spotlighted because of the tricky 

properties for treatments, the most frequently occurring in breast cancer 

patients is the luminal type. According to our data, higher expression of 

HOXB5 has a negative impact on DMFS in ER positive breast cancer patients 
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(Fig. 18A). HOXB5 target genes, such as IL-6, Snail2, and EGFR, have been 

used as prognosis markers for cancers. When analyzed the survival of HOXB5 

co-expression with its target genes, we proved that EGFR shows severe 

prognosis when expressed with HOXB5 in ER positive breast cancer patients 

(Fig. 18G). On the contrary to existing hypothesis,40 our survival data 

regarding the IL-6 gene shows better prognosis when it is expressed in ER 

positive breast cancer patients (Fig. 18B). Recently, it is becoming 

increasingly apparent that IL-6 plays a pro-tumorigenic role in tumor 

microenvironment.54 At least in our breast cancer data pool, IL-6 gene does not 

act as a pro-tumor. 

Metastasis is a major cause of death in patients with breast cancer.
43

 Cancer 

cell migration and invasion are one of the critical features involved in tumor 

progression and metastasis. In cancer studies such as ovary, gastric, and breast, 

the overexpression of HOXB5 has been reported to increase migration and 

invasion abilities.46-47 Also, we suggest in our study that HOXB5 plays an 

important role in EMT. Until now, the underlying mechanisms of HOXB5 in 

breast cancer were not clear. Using western blotting, we explored the potential 

molecular mechanism of HOXB5 by identifying proteins that are differentially 

expressed and activated between MCF7 cells overexpressing HOXB5 and 

control cells.  

EGFR is a member of the ErbB family of receptor tyrosine kinases (RTKs) 

which is comprised of four members: Erbb1/EGFR, ErbB2/Her2, ErbB3 and 

ErbB4. ErbB members have an extracellular ligand-binding region, a 

transmembrane segment and a cytoplasmic tyrosine-kinase-containing 

domain. Ligand binding to the extracellular region of ERbB receptors 

generates the formation of homo- and hetero-dimers receptor and the 

activation of intrinsic kinase domain, giving rise to phosphorylation on 

particular tyrosine residues on the cytoplasmic tail.55 These phosphorylated 

residues present as combining sites for cascade proteins, and the recruitment 

of proteins result in the activation of downstream cellular signal 
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transduction pathways. As an upstream regulator, the EGFR protein regulates 

several pathways such as PI3K/AKT, RAS/RAF/MAPK, and JAK/STAT 

pathways, which modulate cell proliferation, survival, migration, 

angiogenesis, and metastasis.29, 56-57 The Src protein, one of intracellular 

tyrosine kinases, acts as a downstream mediator of EGFR. For example, in 

human bronchial cells, EGFR/Src/ERK/Slug signaling mediates EMT 

regulation.58 In the present study, we observed that the expression and 

activation of EGFR protein is correlated with HOXB5 expression. 

Correspondingly, we could figure out that the activity of Src and MEK, which 

represent each downstream pathway and is known to be related with 

invasiveness, is remarkably increased with HOXB5 and EGFR in HOXB5 

overexpressing MCF7 breast cancer cells (Fig. 19). 

The expression status and the role of EGFR has been researched in 

numerous cancer types, including non-small cell lung cancer (NSCLC),59 

colorectal cancer, squamous cell carcinoma,60 and breast cancer.50 While 

normal squamous epithelium cell in cervix express EGFR, the expression 

was more enhanced in carcinoma in situ and invasive carcinoma. Moreover, 

the increased EGFR expression display malignant features and have an 

invasive potential in cervix.60 In breast carcinoma, the expression of EGFR 

was found to be increased when compared to normal breast tissue. Although 

numerous studies have been conducted about EGFR,61-62 the role EGFR driven 

by HOXB5 in breast cancer cells is still not fully elucidated. Therefore, in this 

study, we knocked down EGFR expression in HOXB5 overexpressing MCF7 

cells by siRNA transfection, and were surprised to find the invasive abilities of 

transfected cells decreased significantly (Fig. 21), whereas elevated EGFR 

expression in HOXB5 overexpressing MCF7 cells showed the opposite effect 

(Fig. 20). Taken together, this study contributes to our understanding of the 

molecular mechanism of HOXB5 promoting tumor progression through 

activating EGFR and triggering MAPK/ERK pathways and MEK/Src 

phosphorylation to induce invasiveness. 
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Although the significance of HOXB5 overexpression has been acknowledged 

in number of cancer type, the molecular mechanisms underlying its oncogenic 

potential are still largely unknown. In conclusion, our study reports plausible 

experimental evidence that HOXB5 regulates transcription of its target genes 

(EGFR, Snail2, and IL-6) by activating the genes’ promoter activities in 

HOXB5 overexpressing MCF7 breast cancer cells. The HOX consensus 

binding sites located in the promoter region of target genes are direct targets of 

HOXB5. In addition, our results provide new insights into the role of HOXB5 

in the regulation mechanism associated with the EGFR/MEK/Src pathway 

resulting in the invasive phenotype of MCF7 breast cancer cells. Furthermore, 

the inhibition of EGFR in HOXB5 overexpressing breast cancer cells might be 

particularly helpful in the context of personalized cancer therapy.
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V. CONCLUSION 

 

In order to know the HOXB5 putative target genes and underlying molecular 

mechanism of HOXB5 in MCF7 breast cancer cells, our study demonstrated 

that, 

 

1. Many genes are up- or down- regulated by HOXB5 overexpression in 

MCF7 breast cancer cells. 

2. IL-6, Snail2, and EGFR genes were selected as a HOXB5 target genes. 

3. The promoter activity of target genes positively regulated along with a 

HOXB5 expression. 

4. Characterization of each target genes’ promoter region revealed that 

the upstream sequence contains several putative HOX consensus 

binding sites and chromatin immunoprecipitation assay confirmed that 

HOXB5 directly binds to the promoter region. 

5. HOXB5 is involved in regulating the activity of EGFR as well as 

downstream Ras/Raf/MEK and Src signaling pathways, which are the 

critical pathways promoting cancer progression, especially the 

invasiveness. 

6. Higher co-expression of HOXB5 and EGFR was linked to extremely 

poor DMFS for patients with ER positive breast cancer. 

7. Functional study of HOXB5 has revealed that a significant increment 

in a cell invasion upon the HOXB5 expression in MCF7 breast cancer 

cells.  

8. The knock down of EGFR expression, which elevated by HOXB5, 

reduces the invasive ability of breast cancer cells. 
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ABSTRACT(IN KOREAN) 

 

유방암 세포에서 HOXB5 유전자의 표적유전자 규명 및 조절기전 
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김 지 민 

 

 

HOX유전자는 발생 과정 동안 일어나는 여러 종류의 세포 내 반

응을 조절하는 전사조절인자로 동물 배아의 형태 형성과 세포의 운

명을 결정 짓는데 매우 중요한 역할을 한다고 알려져 있다. 다양한 

HOX유전자들 중 HOXB5 유전자는 특히 장신경계 발달에 관여한다

고 알려져 있으며, 배아기 동안에 비정상적인 HOXB5의 기능은 선

천성거대결장을 야기한다고 보고 되어진 바 있다. 놀랍게도 배아 발

생 과정뿐만 아니라 성인에서 HOXB5를 포함하는 다양한 HOX유전

자의 발현이 관찰 되어지며, 다양한 종류의 암에서 HOX유전자의 

발현이 비정상적인 것이 밝혀지고 있다. 최근 우리는 유방암 조직과 

유방암 세포에서 HOXB5가 과발현 되어있으며, 증가된 HOXB5의 

발현이 세포 증식능과 EMT를 통한 세포 침윤성을 증가시킨다는 사

실을 보고하였다. 이렇듯 유방암에서 HOXB5와 표현형 변화에 관한 

연구는 이뤄진 바 있지만 전사조절인자로서 HOXB5의 기능과 유방
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암에서 HOXB5가 기여하는 신호전달경로에 관한 연구는 되어진 바

는 없다. 따라서 본 연구에서는 HOXB5의 표적 유전자의 발현을 조

절하는 방식과, HOXB5가 기여하는 신호전달경로를 규명하고자 하

였다. HOXB5 발현을 증가시킨 MCF7 세포주에서 PCR array 

analysis, RT-PCR, qRT-PCR을 이용하여 HOXB5의 표적으로 추정 

되어지는 유전자들로서 IL-6, Snail2, EGFR 유전자들을 선별하였다.  

그 후 luciferase assay를 진행 함으로써 HOXB5가 표적 유전자들

의 프로모터 활성을 증가시킨다는 것, 염색체면역침강 방법을 통해 

HOXB5가 표적 유전자의 프로모터 지역에 존재하는 HOX결합위치

에 붙음으로써 표적 유전자들의 발현을 증가시킨다는 것을 확인하

였다. HOXB5 과발현 세포에서 단백질 발현량을 확인 함으로써 과

발현 되어있는 HOXB5가 EGFR/MEK/SRC 경로 활성화에 기여함을 

알 수 있었다. HOXB5에 의해 활성화 되는 EGFR 경로가 침윤성에 

중요한 역할을 하는지 알아보기 위하여 HOXB5에 의해 증가되어있

는 EGFR의 발현을 siRNA로 억제 하고 메트리겔 침윤 분석을 진행 

하였을 때, EGFR의 발현을 감소시킨 경우 침윤성이 떨어짐을 확인 

하였다. 한편, Kaplan-Meier 분석을 통해 HOXB5와 표적유전자들

의 과발현 환자의 무원격전이생존률(DMDS)을 살펴보았을 때, 

HOXB5, EGFR의 발현이 각각 높은 환자 군에 비하여 HOXB5와 

EGFR 유전자 발현이 모두 높은 환자 군에서 더 예후가 좋지 않았

다. 이러한 결과들을 종합하여 봤을 때, HOXB5는 MCF7 유방암 세

포에서 표적 유전자인 IL-6, Snail2, EGFR의 발현을 직접 프로모터 

부위에 붙음으로써 조절하고, 과발현된 HOXB5는 EGFR/MEK/SRC 

경로를 활성화 시킴으로써 유방암 세포의 침윤성을 증가시키는 것

으로 생각된다. 
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