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Abstract. At advanced stages of hepatocellular carcinoma 
(HCC), the multikinase inhibitor sorafenib is the only effec-
tive treatment. Surrogate markers that predict the biological 
and clinical efficacy of sorafenib may help tailor treatment on 
an individual patient basis. In the present study, the clinical 
significance of the expression of HOXB9, a transcriptional 
factor, in HCC was assessed. Increased HOXB9 expression in 
HCC was found to be positively correlated with the expres-
sion of angiogenic factors, increased vascular invasion and 
was found to be associated with poor overall patient survival. 
Sorafenib treatment effectively suppressed the expression 
of angiogenic factors and activation of the Raf/MEK/ERK 
pathway in HOXB9-expressing HCC cell lines. Consistent 
with these findings, HCC patients, whose cancer expressed 
high levels of HOXB9, exhibited increased overall survival 
upon sorafenib treatment. Collectively, these results suggest 
that HOXB9 expression in HCC could be a surrogate marker 
for a beneficial response to sorafenib treatment.

Introduction

HOXB9, a member of the class I homeobox (HOX) genes, 
regulates several cellular processes, including angiogenesis 
and maintenance of cell fate (1). It is overexpressed in human 
breast cancer and its expression is associated with increased 

tumorigenicity, lung metastasis and radioresistance  (2,3). 
HOXB9 transactivates several angiogenic factors as well as 
erythroblastic leukemia viral oncogene homolog (ErbB) and 
TGF-β ligands leading to epithelial-mesenchymal transition 
(EMT), increased angiogenesis and distal metastasis. In 
particular, HOXB9 induces tumor proliferation and metastasis 
by activating angiogenesis; however, little is known concerning 
the relationship between HOXB9 expression and angiogenesis 
in hepatocellular carcinoma (HCC).

HCC is considered a serious public health concern 
particularly in endemic areas of hepatitis B or C viral infec-
tion, including Africa and Southeast Asia (4), despite recent 
progress in surgical and non-surgical treatment including 
multikinase inhibitor therapy.

The prognosis for HCC patients is still dismal, since 
the disease is discovered at an advanced stage in a substan-
tial number of patients when curative therapy is no longer 
possible (5). Curative treatments (e.g., resection, transplantation 
or local ablation) are available only to patients with early-
stage disease, however they are limited by high recurrence 
rates, impairing patient outcomes. At advanced stages, the 
multikinase inhibitor sorafenib is the only effective treatment, 
although vigorous efforts are underway to better characterize 
the molecular pathogenesis of liver cancer to refine the efficacy 
of other molecular-targeted therapies (6).

Sorafenib (Nexavar®; Bayer HealthCare Pharmaceuticals, 
Montville, NJ, USA) is an oral multikinase inhibitor that 
inhibits the serine-threonine kinases Raf-1 and B-Raf, the 
receptor tyrosine kinase activity of vascular endothelial growth 
factor (VEGF) receptors 1-3, and platelet-derived growth factor 
receptor β (7). It blocks tumor cell proliferation and tumor 
angiogenesis, and increases the rate of apoptosis in a wide range 
of tumor models by targeting the Raf/mitogen‑activated protein 
kinase/extracellular signal‑regulated kinase (RAF/MEK/ERK) 
and VEGF signaling pathways. Therefore, identification of 
accurate prognostic biomarkers to distinguish patients at high 
risk of recurrence or metastasis and surrogate markers for non-
surgical therapy is of the utmost importance for developing 
preventive strategies to improve the outcome of HCC patients.

In the present study, we demonstrated that increased 
expression of HOXB9 in HCC is associated with the induction 
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of angiogenic factors, increased vascular invasion and poor 
overall survival of these patients. Sorafenib treatment was 
found to suppress the expression of angiogenic factors and the 
Raf/MEF/ERK pathway in HOXB9-expressing cells in vitro, 
and HCC patients with increased HOXB9 expression exhib-
ited increased overall survival upon treatment with sorafenib. 
Collectively, these results suggest that HOXB9 expression in 
HCC could be a surrogate marker for a beneficial response to 
sorafenib treatment.

Materials and methods

Cell lines and cell culture. The human HCC cell lines, HepG2 
and Hep3B, were obtained from the American Type Culture 
Collection (ATCC; Manassas, VA, USA). The identity of 
all cells was independently authenticated by short tandem 
repeat genotyping in May 2014. The cells were cultured in 
Dulbecco's modified Eagle's medium (DMEM), supplemented 
with 10% bovine fetal serum, 100 U/ml penicillin, 100 µg/ml 
streptomycin, 1X non-essential amino acids and 1 mM sodium 
pyruvate, and incubated in humidified 37̊C incubators with 
5% CO2. Chemically synthesized Stealth RNAi™ siRNAs 
were purchased from Invitrogen (Carlsbad, CA, USA) and 
were used to knock down endogenous HOXB9 expression in 
HCC cells. Two different siRNAs were individually trans-
fected into the cells at a final concentration of 100 nM using 
Lipofectamine RNAiMAX (Invitrogen). In addition, siGFP 
was used as a control siRNA.

Ethical approval, consent to participate and consent of 
publication. The present study was approved by the Ethics 
Committee of Tokyo Medical University. The patients 
provided consent for their participation and the publication of 
the present study.

mRNA expression. Our analysis included 79 HCC patients who 
underwent consecutive resection between September 2008 and 
December 2014 at Tokyo Medical University Hachioji Medical 
Center. All protocols were performed in accordance with the 
Ethics Committee of Tokyo Medical University. Consecutive 
frozen tissue specimens containing cancerous and matched 
normal hepatocyte regions were available from HCC patients 
(who received a pathological diagnosis) to assess gene panels 
by quantitative reverse-transcription PCR (qRT-PCR). HOXB9 
mRNA expression was examined in cancer and in normal 
hepatocytes derived from consecutive samples of patients who 
had undergone surgery at our institute during 2008-2014. The 
expression ratios (cancer to normal hepatocytes surrounded by 
cancer) were examined using qRT-PCR. RNA was extracted 
from cells using the RNeasy kit (Qiagen, Valencia, CA, USA). 
Conditions for semi-quantitative amplification of cDNA were 
95̊C for 2 min, followed by 25 cycles of 95̊C for 30 sec, 56̊C 
for 30 sec, and 72̊C for 60 sec, with a final extension cycle at 
72̊C for 10 min. RT-PCR analysis was run in triplicate for each 
sample on a Light Cycler 480 Real‑Time PCR System using 
SYBR‑Green I Master Mix (Roche, Mannheim, Germany). 
The following program was run: pre-incubation for 5 min at 
95̊C, amplification for 45 cycles (10 sec of denaturation at 
95̊C, 10 sec of annealing at 57̊C and a 10-sec extension at 
72̊C), with melting curve analysis. mRNA levels of the target 

genes were normalized against mRNA levels of GAPDH, 
which was used as an internal control. The sequences of all the 
primers used are listed as follows: HoxB9 forward, 
5'CACCATGTCCATTTCTGGGACGCTTAG3' and reverse, 
5'AAACTCTTTGCCCTGCTCCTTATTC3'; GAPDH 
forward, 5'ATCATCCCTGCCTCTACTGG3' and reverse, 
5'TTTCTAGACCGGCAGGTCAGGT3'; PDGF-b forward, 
5 'GATCCG C TCC T T TGATGATC3'  a nd  r eve r se, 
5'GTCTCACACTTGCATGCCAG3'; PDGFR-b forward, 
5'AATGTCTCCAGCACCTTCGT3' and reverse, 5'AGCGGA 
TGTGGTAAGGCATA3'; VEGF-A forward, 5'ACCATGCCA 
AGTGGTCCCAG3' and reverse, 5'CTTTCTTTGGTCTGCA 
TTCACA3'; VEGF-C forward, 5'CTTCTTTAAACCTCCATG 
TGTGTC3' and reverse, 5'GAATGAACTTGTCTGTAAACA 
TCCA3'; VEGFR-2 forward, 5'TCATCTGTTACAGCTTCC 
AAGT3' and reverse, 5'GGTTTGATTCTTTCCAGGCTC3'; 
VEGFR-3 forward, 5'CCAGCATCGTGTGGTACAAAGA3' 
and reverse, 5'CTCCCCGGGGTCCATGATGAT3'.

Western blotting and immunohistochemistry. Protein 
expression was detected by western blotting using anti-
bodies against HOXB9 and pERK (phospho-ERK) (Santa 
Cruz Biotechnology, Santa Cruz, CA, USA); ERK2, pMEK 
(phospho-MEK) and MEK1 (Cell Signaling Technology, 
Beverly, MA, USA); and pRAF1, Raf1 and actin (Abcam, 
Cambridge, MA, USA). The western blotting protocols used 
have been previously described (8). Immunohistochemistry 
(IHC) was carried out on 5-µm sections of formalin-fixed 
paraffin-embedded (FFPE) tissue by heat-induced epitope 
retrieval in 10 mmol/l sodium citrate (pH 6.0) before blocking 
with 5% BSA-PBS. For IHC, HOXB9 expression was detected 
using the anti-human HOXB9-specific antibody at a dilution 
of 1:250 (Santa Cruz Biotechnology).

Sorafenib treatment. Cells were plated into 12-  to 24-well 
tissue culture plates or 10-cm2 dishes and cultured overnight. 
Sorafenib (LC Laboratories, Woburn, MA, USA) was added 
to the cells at two different concentrations (5 and 1 µM) for 
48 h before mRNA and protein extraction. The final dimethyl 
sulfoxide (DMSO) concentration in all experiments was 
<0.05%. A total of 15 patients with tumor-node-metastasis 
(TNM) stage III HCC were treated with sorafenib after cura-
tive resection.

Statistical analyses. Data represent the mean ± standard error 
of the mean. Comparisons between groups were made using a 
two-tailed t-test or U test for continuous variables, and Fisher's 
exact test for comparison of proportions. Correlations were 
assessed with the non-parametric Spearman's coefficient. 
All calculations were carried out with the SPSS software 
package (SPSS  18.0). Overall survival (OS) curves were 
drawn according to Kaplan‑Meier estimates and compared by 
log‑rank tests. P<0.05 was defined as significant.

Results

HOXB9 expression in HCC. To investigate HOXB9 expression 
in HCC, we examined samples from 79 HCC patients who 
received curative resection at our institute. HOXB9 mRNA 
was expressed in ~40% of the patients  (Fig.  1A) and was 
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upregulated in tumors relative to uninvolved adjacent normal 
hepatocytes as determined by both qRT-PCR and immunohis-
tochemical staining (Fig. 1B). Although, HOXB9 expression in 
HCC did not affect disease-free survival after surgery (data not 
shown), increased HOXB9 expression in HCC was significantly 
associated with a poor prognosis in OS (5-year OS rate; 63.5 vs. 
58.5%; p=0.0324) (Fig. 1C), as previously reported for breast and 
colorectal cancer (9,10). Moreover, HOXB9 mRNA expression 
was significantly higher in patients exhibiting vascular inva-
sion (both portal and hepatic vein) compared to those who were 
negative for vascular invasion (Fig. 1D). A significant positive 
correlation was observed between HOXB9 mRNA expression 
and several angiogenic factors targeted by sorafenib: PDGF-b, 
VEGF-C, VEGF-C and VEGFR-A3 (p<0.05) (Fig. 1E) (11).

HOXB9 regulates the expression of angiogenic factors and 
Raf/MEK/ERK signaling. HCC cell lines, HepG2 and Hep3B, 
showed high HOXB9 mRNA expression relative to the human 
mammary epithelial cell line, MCF10A, which showed low 
HOXB9 mRNA (Fig.  2A) as previously reported  (2). To 
determine the effect of the loss of HOXB9 in HCC cells, 
we depleted HOXB9 mRNA in these cells using two short 
interfering RNA (siRNA) oligonucleotides (Invitrogen) 
targeting HOXB9. Both siRNAs decreased HOXB9 expression 
in the HCC cells by -130 and -230% (Fig. 2B). A decrease 
in HOXB9 expression by these siRNAs also decreased the 
expression of several angiogenic factors. These angiogenic 
factors which are targeted by sorafenib were highly expressed 
in the siGFP-transfected control HepG2 and Hep3B 

Figure 1. Homeobox B9 (HOXB9) expression in hepatocellular carcinoma (HCC) patients. (A) Waterfall plot of relative mRNA expression levels of HOXB9 
in HCC cells compared with these levels in normal hepatocytes, as determined using qRT-PCR in triplicate (n=79 patients). (B) Representative immunohisto-
chemical staining of HOXB9 in resected HCC specimens showing high and low HOXB9 expression. (C) Kaplan-Meier overall survival curve of HCC patients 
stratified according to HOXB9 mRNA expression (n=79 patients). (D) Relative mRNA expression of HOXB9 in patients according to vascular invasion [left 
panel, portal vein invasion (Vp); right panel, hepatic vein invasion (Vv)]. Error bars indicate SDs. (E) Correlation plots of HOXB9 mRNA and angiogenic 
factors PDGF-b, VEGF-C, VEGF-A and VEGFR-A3 as determined using qRT-PCR in triplicate.. P-values were determined using the U test and the log-rank 
test. R2 values were calculated by correlation test.
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lines (Fig. 2C). These results are consistent with previously 
reported results in breast cancer (2,10). Moreover, a decrease 
in HOXB9 expression in the two HCC cell lines also mitigated 
the Raf/MEK/ERK pathway (Fig. 2D), which is targeted by 
sorafenib1 (2). Knockdown of HOXB9 expression led to a 
decrease in phospho(p)Raf and pERK. The quantification of 
these western blotting bands are shown (Fig. 2D, right panel).

Significance of HOXB9 expression on sorafenib response. 
To determine whether sorafenib, the multikinase inhibitor 

suppresses the Raf/MEK/ERK pathway upregulated in 
HOXB9-expressing cells, we treated the cells transfected 
with siGFP and siHOXB9 (expressing high or low HOXB9, 
respectively) with 1 and 5 µM of sorafenib. The proteins of the 
Raf/MEK/ERK pathway were more markedly suppressed in 
the cells expressing high levels of HOXB9 compared to those 
expressing low HOXB9 mRNA (Fig. 3A). The quantification 
of these western blotting bands is shown (Fig. 3B).

We similarly determined whether sorafenib treatment 
suppresses the expression of HOXB9-regulating angiogenic 

Figure 2. Homeobox B9 (HOXB9) regulates the expression of angiogenic factors and the RAF/MEK/ERK pathway. (A) HOXB9 mRNA expression in hepato-
cellular carcinoma (HCC) cell lines as determined by qRT-PCR. Expression in MCF10A cells (immortalized normal mammary epithelial line) was used as the 
control. (B) Knockdown of HOXB9 expression in HCC cell lines following transfection of siRNA against HOXB9. RNA levels were quantified by qRT‑PCR. 
(C) Expression of angiogenic factors in siGFP- and siHOXB9-transfected HCC lines. qRT-PCR analysis showed that depletion of HOXB9 suppressed the 
expression of these angiogenic factors. (D) The Raf/MEK/ERK axis protein expression in HOXB9-knockdown cells, as determined by western blotting. The 
left panel shows the results of the western blot analysis and the right panel displays the quantification of these results. Error bars indicate SDs. P-values were 
determined using the log-rank test.
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factors in cells expressing high and low HOXB9. Sorafenib 
potently suppressed the expression of several angiogenic 
factors by 60-95% in cells expressing high HOXB9 cells 
compared to the levels in cells expressing low levels of HOXB9 
(-50 and -10%) (Fig. 3C). Collectively these results show that 
HOXB9-expressing cells, by expressing higher baseline levels 

of angiogenic factors and activation of the Raf/MEK/ERK 
pathway, are more likely to be responsive to sorafenib treat-
ment.

To clarify the clinical significance of these findings, we 
conducted a retrospective study in HCC patients who under-
went resection before treatment with sorafenib at our institute 

Figure 3. Sorafenib treatment effectively suppresses angiogenic factors in HOXB9-expressing cells in vitro. (A and B) Western blot analysis showed the 
downregulation of proteins involved in the Raf/MEK/ERK pathway by increasing the concentration of sorafenib. High and low HOXB9-expressing cells were 
derived by transfecting siGFP and siHOXB9 into cells. DMSO was used as a vehicle control. The upper panel A shows the results obtained from the western 
blot analysis and the lower panel B shows the quantification of these results. (C) Suppression of mRNAs of angiogenic factors by increasing the concentration 
of sorafenib as assessed by qRT-PCR in cells expressing high and low levels of HOXB9 (derived from siGFP and siHOXB9 transfection of cells, respectively). 
DMSO was used as a vehicle control. Data represent 3 independent experiments. Error bars indicate SDs.
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between 2008 and 2012 (n=15). Samples obtained from patients 
before chemotherapy were analyzed by qRT-PCR. The demo-
graphic and clinical data showed no significant differences 
with regard to age, gender, pathological stage or chemotherapy 
between groups with high and low expression of HOXB9. High 
expression of HOXB9 mRNA was associated with longer OS 
after treatment with sorafenib (3-years OS rate; 80 vs. 30%, 
p=0.0443) compared with patients expressing low levels of 
HOXB9 (Fig. 4A). In addition, clinical findings among the two 
groups had no significant difference (Fig. 4B).

Discussion

HOXB9 has been reported to be overexpressed in neoplastic 
tissues (13). HOXB9 promotes the expression of angiogenic 
factors, as well as ErbB and TGF-β ligands. From a biological 
perspective, multiple HOX-binding sites are present in the 
promoters of angiopoietin-like 2, IL-8, TGF-β2, VEGF and 
bFGF. AREG, ERG, VEGF and bFGF are direct targets of 
HOXB9-induced transcriptional activation  (14,15). In the 
present study, we demonstrated that HOXB9 promoted the 
expression of angiogenic factors and the Raf/MEK/ERK 
pathway in HCC. Both angiogenesis and signaling through the 
RAF/MEK/ERK cascade play critical roles in the develop-
ment of HCC and may lead to increased tumorigenesis and 
poor overall survival in HCC patients.

Sorafenib is a multikinase inhibitor with activity against 
the Ser/Thr kinase Raf, known to be important in tumor cell 
signaling and tumor cell proliferation, and in the regulation 
of several receptor tyrosine kinases involved in angiogenesis, 

including VEGFR‑2 and PDGFR‑12. Although the HOXB9 
gene has not been described as a direct target of sorafenib, its 
ability to induce angiogenesis may render HOXB9-expressing 
HCC cells sensitive to sorafenib. This is consistent with 
our data showing increased overall survival of HOXB9-
overexpressing HCC patients treated with sorafenib. There 
is increasing evidence of the potential crosstalk between, 
for example, HOXB9 and wingless/T-cell factor (Wnt/TCF) 
signaling pathways (16). Expression profiling of HCC patients 
treated with sorafenib may shed light on potential correlations 
between HOXB9‑related molecular classes and treatment 
responses.

Surrogate biomarkers that predict the biological and 
clinical efficacy of sorafenib may help tailor treatment 
on an individual patient basis. The predictive value of the 
Raf/MEK/ERK signaling activity for the efficacy of sorafenib 
in HCC remains uncertain (17,18). In the present study, we 
found a strong correlation between increased HOXB9 activity 
in HCC and poor prognosis, but better therapeutic responses to 
sorafenib. Evaluation of HOXB9 activity in HCC can be useful 
to differentiate between responders and non-responders before 
commencing sorafenib treatment and to help select patients 
who are likely to benefit from the treatment. However, the 
present study, was based on a retrospective analysis of a small 
number of patients at a single site, and selection of patients for 
sorafenib treatment was subjective. The clinical significance 
of HOXB9 must therefore be addressed in a prospectively 
planned multicenter trial. Multigene assays involving a large 
number of specimens before and after sorafenib exposure 
may provide more reliable insights into tumor biology and the 
response to sorafenib treatment.
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