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Abstract. Many patients with prostate cancer have disease 
recurrence following surgical removal of tumors and fail to 
respond to androgen ablation therapy. Despite the existence of 
a number of clinical/pathological factors, it is not possible to 
predict which patients will fall into this category. The results 
of our previous studies demonstrated that the HOXB13 home-
odomain protein plays a key role in the development of prostate 
cancer and the progression of this malignancy. In addition, 
HOXB13 has been reported to predict estrogen-resistant breast 
cancer tumors. The purpose of this study was to investigate 
whether HOXB13 could be used as a molecular marker to 
predict prostate cancer recurrence. To examine the role of 
HOXB13 as a molecular marker with clinical/pathological 
data, the expression of HOXB13 was compared using immu-
nohistochemistry in 57 organ-confined prostate cancer tumors 
obtained by radical prostatectomy. There was no significant 
correlation between the expression of HOXB13 and most 
clinical/pathological parameters, including tumor margin, inva-
sion, pathological stage and risk level. The HOXB13 expression 
levels correlated with the Gleason score and there was a posi-
tive correlation with the pre-operative prostate specific antigen 
(PSA) levels. Accordingly, the tumor specimens from 4 patients 
who ultimately had biochemical failure (PSA >0.2 ng/ml), all 
showed a high expression of HOXB13, while their risk levels 
were either intermediate or high. This is the first study to report 
that HOXB13, together with other clinical/pathological factors, 
can be used as a molecular marker to predict the progression of 
prostate cancer.

Introduction

Prostate cancer (PCa) may be present, but undetectable, for 
several decades before finally being diagnosed by a clini-
cian. Despite improvements in screening and early diagnosis, 
approximately one third of men whose cancer is detected early 
will still develop PCa metastases. For men with metastatic 
PCa, there are few alternatives and the front-line treatment is 
androgen ablation or surgical castration resulting in a favor-
able clinical response and a dramatic regression of PCa as a 
result of apoptotic cell death. Most of these patients, however, 
will experience a recurrence within 5 years and no effective 
alternative therapies are currently available. Therefore, there 
is an urgent need to develop progression-associated markers 
for PCa that will allow for a more aggressive treatment 
approach in patients likely to develop recurrent tumors and 
that may also facilitate the treatment of patients unlikely to 
have a recurrence.

Homeobox proteins are generally considered as modula-
tors for growth and differentiation, and their loss or gain of 
expression is increasingly reported in human tumors (1). Most 
notably, NKX3.1, a prostate-specific non-HOX homeodomain 
protein, functions as a tumor suppressor and its loss has been 
observed in early-phase prostate tumors, while its overexpres-
sion has also been reported in advanced PCa (2-4). HOXB13 
homeobox protein shares a similar function to NKX3.1, 
and there is evidence to suggest the link between the role 
of HOXB13 and the malignant progression of PCa. Notably, 
the highly prostate-specific expression pattern of HOXB13 
is involved in the proper formation and maintenance of this 
hormone-dependent organ (5-8). HOXB13 loss-of-function 
mice have been shown to manifest abnormal prostate (9). 
HOXB13 suppresses androgen-stimulated androgen receptor 
(AR) activity through interaction with AR and subsequently 
inhibits the growth-regulatory function of AR (7,10). However, 
HOXB13 is overexpressed in most androgen-refractory PCas 
(11). In breast cancers possessing similar biological behavior 
to PCa, the overexpression of HOXB13 predicts tamoxifen-
resistant tumors (12). In the present study, we investigated the 
value of HOXB13 as a molecular marker for PCa progression 
and malignancy.
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Materials and methods

Patient cohort. Paraffin-embedded human primary PCas were 
acquired from patients at the Chonnam National University 
Hospital between 1995 and 2007. Written informed consent 
was obtained from all patients. Specimens from 57 PCa patients 
were obtained by radical prostatectomy with various treatment 
regimes, as shown in Table I. Pre- and post-operative prostate 
specific antigen (PSA) levels were available for all patients. 
Biochemical failure was defined when PSA levels bounced 
back to >0.2 ng/ml following radical prostatectomy. Benign 
prostate tissues obtained from radical prostatectomy were used 
for the baseline expression of HOXB13.

Immunohistochemistry and scoring. Immunostaining was 
performed according to the method described by Komuves 
et al (13). Tissues were deparaffinized followed by microwave 
antigen retrieval in citrate buffer. Endogenous peroxidase 
activity was destroyed by treating tissue sections with 3% 
H2O2. After non-specific reactivity was sequentially blocked 
by avidin-biotin blocking reagent and 10% normal goat serum, 
tissues were incubated with anti-HOXB13 antibodies and 
then with donkey anti-rabbit IgG (Fab fragment) conjugated 
to peroxidase (Jackson Laboratories, Bar Harbor, ME, USA). 
Anti-HOXB13 antibodies were produced under contractual 
agreement by Sigma Genosys (St. Louis, MO, USA), as 
described by Komuves et al (13). Antibodies were purified 
by affinity chromatography against immobilized HOXB13 
synthetic peptides. In a previous study, we showed that these 
antibodies were specific to HOXB13 (11). Colorimetric signals 
were detected using diaminobenzidine (DAB). Sections were 
counterstained with hematoxylin for microscopic evaluation. 
Anti-AR antibodies (Upstate) were used to confirm tissue 
integrity. For the negative control slide, non-immune rabbit 
IgG was used. Immunostained slides were evaluated by 2 
different investigators, including a pathologist, blinded to the 
patient clinical features. The intensity of HOXB13 staining was 
classified into 1 of 4 grades (0, absent; 1, weak; 2, interme-
diate; and 3, strong). This approach is considered reliable and 
reproducible by several groups (14-16). Tumors with <5% of 
HOXB13 expression were considered negative, irrespective of 
the intensity (5,17).

Statistical analysis. Statistical analysis was performed using 
SPSS software 17.0 (SPSS Inc., Chicago, IL, USA). The 
Spearman's correlation co-efficienct test (two-tailed) was used 
to estimate the correlation with clinicopathological factors.

Results

In the present study, we evaluated HOXB13 as a molecular marker 
to increase the preditability of pre-existing clinicopathological 
parameters. We evaluated HOXB13 expression in 57 tumors 
using anti-HOXB13 antibodies. As shown in Fig. 1A, HOXB13 
was mildly expressed in normal prostatic epithelial cells (left 
panel), while there were both HOXB13-underexpressed tumors 
(middle panel) and HOXB13-overexpressed tumors (right 
panel). HOXB13 appeared to be overexpressed in more inva-
sive tumor cells. The expression of HOXB13 was also verified 
in PCa culture cells by western blot analysis (Fig. 1B), whose 

expression patterns were identical to the HOXB13 transcript, 
as previously shown (10). We assessed the correlation between 
HOXB13 expression and clinicopathological parameters avail-
able for the patients: age, pre-operative PSA levels, tumor 
margin, seminar vesicle invasion, pelvic lymph node inva-
sion, angiolymphatic invasion, perineural invasion, Gleason 
score, pathological stage and risk level, using the two-tailed 
Spearman's correlation test (Table II). HOXB13 expression was 
not correlated with age, tumor margin, invasion or pathological 
stage. HOXB13 expression was positively correlated with pre-
operative PSA levels (r=0.298, p=0.064). There was a significant 
positive correlation between HOXB13 staining intensity and the 
Gleason score (r=0.286, p=0.031). There was also a significant 
difference in HOXB13 expression with a Gleason score between 
7 and 9 (Student's t-test, p=0.017). However, no correlation was 
observed between HOXB13 and grouping of the Gleason score 
into 6, 3+4, 4+3, 8 and 9 (r=0.167, p=0.261). 

To further validate HOXB13 as a marker of progression, 
patients were divided according to risk groups, as recommended 
by the Clinical Practice Guidelines in Oncology 2009 from the 
National Comprehensive Cancer Network (NCCN): high risk, 
PSA >20 ng/ml or Gleason score ≥8 or ≥T3a; intermediate 
risk, PSA 10-20 ng/ml or Gleason score 7 or T2b and T2c; low 
risk, PSA<10 ng/ml and Gleason score 2-6 and T1-T2a. There 
was no correlation between HOXB13 and risk level (r=0.074, 
p=0.596). Table III summarizes the detailed clinical informa-

Table I. Prostate cancer patient cohort (n=57).

Age (median; range) 62 (47-71)
Pre-operative PSA (ng/ml)
  <10 31
  10-20 12
  >20 14
Pathological stage
  Stage 2 36
  Stage 3 21
Invasion
  Extraprostatic invasion 14
  Seminal vesicle invasion   7
  Pelvic lymph node invasion 31
  Angiolymphatic invasion   4
  Perineural invasion 36
Hormone refractory disease   7
Gleason score
  ≤6   9
  7 30
  ≥8 18
Surgical margins
  Negative 43
  Positive 14
Biochemical failurea

  Relapse   4
  No relapse 44

aNine patients were excluded due to sustained PSA levels following 
surgery. PSA, prostate specific antigen.
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tion of 4 patients with ultimate biochemical failure. Although 
3 patients were considered as high risk and 1 as intermediate 
risk, all 4 patients showed the highest expression levels of 
HOXB13 (score 3). The patient with intermediate risk level was 
relatively young (50 years of age) and showed no extraprostatic 
and seminar vesicle invasion with clean surgical margin. These 
results suggest that the evaluation of HOXB13 expression in 
addition to pre-existing clinicopathological factors, including 
Gleason score and pre-operative PSA, may increase the predict-
ability of patients at risk of biochemical failure.

Discussion

PCa may be present, but undetectable, for several decades 
before being diagnosed by a clinician. The long latency period 
of PCa results in the lack of overt symptoms in most men. The 
multifocal nature of PCa also makes it difficult to diagnose 
and treat PCa patients. Despite improvements in screening and 
early diagnosis, a small fraction of cells may remain unde-
tectable and develop metastases. Patients with these tumors 
become refractory to hormonal ablation, resulting in rapid 
tumor progression and ultimately death. Therefore, there is 
an urgent need to define the fraction of PCa cells that differ 
with respect to clinical and pathological outcome. Based on 
several clinicopathological features, including the pre-opera-
tive PSA levels, pathological stage and tumor differentiation 
status, patients are stratified into subgroups, according to 
outcome after surgery, that are widely used to guide clinical 
decision making (18). However, PSA-based cancer screening 
has limited discriminatory capabilities. The identification of 
progression-associated markers for PCa will allow for a more 
aggressive treatment approach in patients likely to develop 
recurrent tumors, and may also facilitate the treatment of 
those patients unlikely to have a recurrence. Furthermore, 
the markers used to identify the aggressive from the indolent 
disease could potentially be used as therapeutic targets for 
aggressive disease management.

In this study, we demonstrate that the expression of 
HOXB13 is positively correlated with the Gleason score, and, 
to a lesser extent, with pre-operative PSA levels. HOXB13 
has previously been shown to be overexpressed in hormone-
refractory breast tumors as opposed to hormone-responsive 
tumors, further demonstrating that HOXB13 is a useful 
prognostic marker of hormone-refractory breast cancers 

Table II. Correlation between HOXB13 expression and clinical 
parameters.

Parameters r p

Age -0.086 0.299
Pre-operative PSA 0.298 0.064
Tumor margin 0.188 0.162
Extraprostatic invasion 0 1
Seminal vesicle invasion 0.163 0.227
Pelvic lymph node invasion -0.064 0.634
Angiolymphatic invasion 0.079 0.558
Perineural invasion 0.085 0.529
Gleason score 0.286 0.031
Stage 0.105 0.236
Risk level 0.074 0.596

r = correlation coefficient by Spearman's correlation test (two-tailed). 
r>0.20 are indicated in bold. PSA, prostate specific antigen.

Table III. HOXB13 score in patients with biochemical failure.

 Patients
 -------------------------------------------------------------------------------
 #1 #2 #3 #4

Age (years) 66 69 67 50
Pre-operative PSA 9.128 20.797 11.6 9.12
Gleason score
  Primary 4 5 3 4
  Secondary 4 4 4 3
TNM pT2cNX pT3cN0 pT3bN0 pT2cNX
Distant metastasis No No No No
Invasion
  Locala No Yes Yes No
  Intratumorb No Yes Yes Yes
Surgical margin - + + -
Treatment
  Hormone Yes Yes Yes Yes
  Radiation No Yes No Yes
  Chemical No No No No
Risk level High High High Intermediate
HOXB13 score 3 3 3 3

aExtraprostatic and seminal vesicle invasion. bAngiolymphatic and 
perineural invasion. PSA, prostate specific antigen.

Figure 1. Expression of HOXB13 in prostate cancer. (A) Immunolocalized 
HOXB13 expression shown in a tumor specimen from radical prostatectomy. 
Bar indicates 600 µm. (B) HOXB13 expression as demonstrated by western 
blot analysis in selected prostate cancer cells.
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(12). In addition, the forced expression of HOXB13 promoted 
the growth of MCF10A estrogen receptor (ER)-negative 
breast cells along with increased migration and invasion. 
In PCa, we  also observed that HOXB13 is overexpressed 
in most androgen-refractory tumors and its expression 
confers a positive growth signal on PCa cells in the absence 
of androgen (11). Increasing numbers of studies are being 
published, linking HOXB13 with several solid tumors, 
including breast, cervical and skin cancer (12,13,19-22). 
Therefore, HOXB13 may be used as a marker to discrimi-
nate between aggressive and indolent prostate tumor cells 
as: i) HOXB13 is highly prostate-specific and is involved 
in the proper formation and maintenance of this hormone-
dominant organ (7,9,23); ii) alteration of HOXB13 expression 
modulates the growth of PCa cells; iii) HOXB13 is generally 
overexpressed in androgen-refractory PCa, in which circum-
stance PCa cells grow better (11). Our current study also 
demonstrates that HOXB13 is positively correlated with cell 
differentiation, as shown by the Gleason score, suggesting 
that HOXB13 may be required for undifferentiated cells to 
survive in a low or no androgen environment.

Risk level is established by several factors, including 
pre-operative PSA levels, the Gleason score and T stage. In 
this study, HOXB13 expression was not correlated with risk 
level; however, samples from all 4 patients whose PSA levels 
bounced back to >0.2 ng/ml after radical prostatectomy 
showed the highest expression levels of HOXB13. One patient 
was considered as an intermediate-risk group. These results 
suggest that HOXB13 may be of significant prognostic value 
(supporting the incumbent Gleason score) for predicting 
recurrent PCa patients. However, this study was restricted due 
to the limited availability of recurrent tumors. Therefore, a 
larger scale study needs to be conducted to test its clinical 
value.

This study demonstrates that HOXB13 may be a poten-
tially valuable molecular marker of recurrent PCa. HOXB13 
was positively correlated with the Gleason score and 
pre-operative PSA levels; moreover, HOXB13 increased the 
predictive value of the incumbent Gleason score by predicting 
the progress of a patient with an intermediate recurrent 
risk. HOXB13 may be a good addition to pre-existing 
clinicopathological parameters, including the Gleason score, 
tumor margin, T stage and other genetic markers, to identify 
high-risk patients. Therefore, HOXB13 may aid in the devel-
opment of a more aggressive treatment for patients with a 
high risk of recurrent PCa.
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