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Abstract 

Introduction: The HOXB13:IL17BR index has been identified to predict clinical 

outcome in the setting of adjuvant tamoxifen monotherapy of breast cancer. Further 

studies have shown that HOXB13 in particular can indicate benefit of prolonged 

tamoxifen treatment. Patients with high-expressing tumors did not benefit from 

prolonged treatment, suggesting that HOXB13 might be involved in tamoxifen 

resistance. No studies have been made regarding the HOXB13 protein levels in 

breast cancer. The aim of our study was to investigate whether tamoxifen benefit can 

be correlated to different levels of HOXB13 protein expression.  

 

Methods: We used immunohistochemistry to analyze protein levels of HOXB13 in 

tumor samples from 912 postmenopausal node-negative breast cancer patients 

randomized to adjuvant tamoxifen therapy or no endocrine treatment.  

 

Results: Tamoxifen treated patients with estrogen receptor positive tumors 

expressing none or low levels of HOXB13 had a clear benefit from tamoxifen in terms 

of longer distant recurrence-free survival (DRFS; hazard ratio (HR) = 0.38, 95% CI, 

0.23-0.60, P = 0.000048). However, for patients with a high or intermediate HOXB13 

tumor expression, tamoxifen did not prolong the DRFS compared to the untreated 

patients (HR = 0.88, 95% CI, 0.47-1.65, P = 0.69). Interaction between HOXB13 

expression and benefit from tamoxifen was statistically significant for DRFS (P = 

0.035). No prognostic value could be ascribed to HOXB13 among systemically 

untreated patients.  
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Conclusions: A high HOXB13 expression was associated with decreased benefit 

from tamoxifen, which indicates that HOXB13 protein level may be used as a 

predictive marker for tamoxifen treatment.  

 

Introduction 

Recently, there have been several studies aimed at discovering novel biomarkers 

and gene signatures usable for predicting risk of recurrence and response to 

endocrine therapy of breast cancer [1-4]. With the development of robust, reliable 

genetic markers for this purpose, it would be possible at an early stage to predict 

which patients would benefit from alternative hormonal therapies. Resulting gene 

signatures, based on genome-wide microarray analyses, are often very 

comprehensive and comprise a large number of genes. However, Ma and colleagues 

were able to show that their gene expression profiles of hormone receptor positive 

invasive breast tumors could be reduced into a simple two-gene ratio predictive of 

tumor relapse in the setting of adjuvant tamoxifen monotherapy [5]. Subsequent 

studies of the HOXB13:IL17BR index have proven its significance in predicting risk of 

breast cancer recurrence and tamoxifen response [6-9].  

 

Our previous study of the HOXB13:IL17BR expression ratio indicated that the two 

genes individually could function as separate prognostic and treatment predictive 

markers in breast cancer [8]. Expression of IL17BR was inversely correlated to a 

number of factors related to a poor prognosis, whereas HOXB13 could predict 

recurrence in tamoxifen-treated patients. Patients with tumors expressing a high level 
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of HOXB13 were more likely to be unresponsive to the therapy, suggesting that this 

gene is involved in tamoxifen resistance.  

 

HOXB13 is a member of the homeobox gene family, a group of genes encoding 

transcriptional regulators of cell growth and differentiation, predominantly during 

embryogenesis. Much is known about the function of the homeobox genes in these 

events, but the role of HOXB13 in breast cancer and endocrine resistance is only 

beginning to be elucidated. The expression of HOXB13 is known to be upregulated in 

breast cancer cells compared to normal breast epithelium [5, 10] and it has also been 

shown that HOXB13 is an estrogen-regulated gene negatively correlated to estrogen 

receptor (ER) status [11, 12]. Wang and colleagues suggest that a high 

HOXB13:IL17BR index may indicate impaired ER signaling, which is known to predict 

resistance to tamoxifen [12].  

 

To our knowledge, there are no studies investigating the HOXB13 protein levels in 

breast cancer and its significance in predicting outcome after tamoxifen treatment. In 

the present study, we used immunohistochemistry to analyze the protein expression 

of HOXB13 in tumor samples from 912 postmenopausal breast cancer patients. The 

patients were participants in a randomized trial analyzing the benefit from adjuvant 

treatment with tamoxifen, which enabled us to investigate the treatment predictive 

value of HOXB13.  
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Materials & methods 

Patients 

We analyzed tumor tissue from patients enrolled in a randomized tamoxifen trial 

comprising a total of 1 780 low risk breast cancer patients, conducted in the 

Stockholm region in Sweden 1976-1990 [13]. All patients were postmenopausal at 

the time of diagnosis, with a tumor size ≤  30 mm and displayed no nodal 

involvement (N0). The patients were randomized to 2 years of endocrine treatment 

with tamoxifen (40 mg daily) or no adjuvant endocrine treatment. In 1983 a new trial 

was initiated, recurrence-free patients were, after 2 years of tamoxifen treatment, 

randomized to 3 more years of tamoxifen or no further therapy. Tumor samples from 

912 women from the trial were available for the present study and tumor and 

treatment characteristics of the patients are presented in Table 1. The 

clinicopathological characteristics in this subset were similar to those in the complete 

series of 1 780 patients in the trial, such as tumor size of ≤  20 mm (79% vs. 81%), 

positive ER status (78% vs. 80%), and tamoxifen treatment (52% vs. 50%). The 

standard procedure for tissue collection was fixation in 4% phosphate-buffered 

formalin. Follow-up data was collected from regional population registers and the 

Swedish Cause of Death Registry. The mean follow-up period for patients in the 

present investigation was 17 years. The study was approved by the local ethical 

committee at the Karolinska University Hospital. According to the approval, informed 

consent from the patients was not required.  
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Hormone receptor status 

Status of ER and PR (progesterone receptor) were assessed retrospectively with 

immunohistochemistry using the Ventana® automated slide stainer (Ventana Medical 

Systems, S.A., Cedex, France). Primary monoclonal antibodies were the Ventana® 

Medical Systems’ CONFIRM mouse anti-ER antibody (clone 6F11) and the 

Ventana® Medical Systems’ CONFIRM mouse anti-PR antibody (clone 16). Cut-off 

level was set to 10% positively stained tumor cell nuclei. In cases where 

immunohistochemical data for ER was missing (13%), ER status as determined in 

clinical routine practice was used [14], with a cut-off level of 0.10 fmol/µg DNA.  

 

Tissue microarray and immunostaining of HOXB13 

Formalin-fixed and paraffin-embedded tissue blocks were selected as donor blocks 

for tissue microarray (TMA). Sections were cut from each donor block and stained 

with hematoxylin and eosin. Three morphologically representative regions were 

chosen in each of the 912 tumor samples. Triplicate core tissue samples with a 

diameter of 0.8 mm were taken from selected areas of the tumors with a manual 

arrayer instrument (Beecher Instruments, Inc, Sun Prairie, WI, USA), and arrayed 

into a paraffin block. Samples from human liver were included on each tissue block 

for orientation purpose.  

 

Sections (4 µm thick) from the TMA blocks were cut and mounted onto frost coated 

glass slides, deparaffinized in xylene and rehydrated through a graded alcohol series 

to distilled water. The slides were boiled in 10 mM citrate buffer with pH 6.0, in a 

pressure cooker for 3 min. After cooling to room temperature, the slides were washed 

and incubated for 5 minutes in 3% hydrogen peroxide and methanol and then 
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incubated with serum-free protein block (Dako Sweden AB, Stockholm, Sweden). A 

mouse monoclonal antibody raised against amino acids 1-284 of human HOXB13 (F-

9 sc-28333, Lot no. L1504; Santa Cruz Biotechnology, Inc, Heidelberg, Germany), 

was applied as primary antibody at a 1:50 dilution, and the slides were incubated at 

4°C for 16 hours. As secondary reagent, the EnVision™+ Dual Link System labeled 

with horseradish peroxidase (Dako) for 30 min at room temperature was used. The 

slides were incubated with 3,3’-diaminobenzidine tetrahydrochloride (DAB) solution, 

counterstained with hematoxylin, and mounted. BT-474 cells were used as a positive 

control. All washing steps were performed in phosphate-buffered saline with 0.5% 

bovine serum albumin.  

Evaluation of immunohistochemical staining 

The stained tumor sections were evaluated independently by two investigators (PLJ 

and OS) without knowledge about the clinicopathological data. The slides were 

examined using a Leica LB30T microscope (Leica Microsystems, Wetzlar, Germany) 

and photographed using an Olympus SC20 digital camera (Olympus Europe GmbH, 

Hamburg, Germany). Nuclear staining intensity was graded as negative, weak, 

moderate or strong. In cases with different scoring results, a consensus score was 

reached after re-evaluation. In the survival analysis, weak or no staining was 

categorized as low expression, and moderate to strong staining was considered high.  

 

Immunohistochemical analysis of HER2 

Formalin-fixed, paraffin-embedded tissue was stained for HER2 with the DAKO 

AO0485 polyclonal rabbit antibody according to the guidelines provided by the 

manufacturer. The slides were scored as follows: 0, no staining or < 10% of the cells 



 8

positive for membrane staining; 1, weak, or barely perceptible staining in > 10% of 

the cells, staining in only part of the cell membrane; 2, weak to moderate staining in 

the whole membrane in > 10% of the cells; 3, more than 10% of the cells display 

strong staining in the whole membrane. In all cases, the scoring was limited to the 

invasive tumor.  

 

Western blot 

Lysates from the cell lines BT-474, SKBR3 and T47D were used to determine the 

specificity of the HOXB13 antibody. Real-time PCR analysis of HOXB13 mRNA 

shows that SKBR3 and T47D express very low, if any levels of HOXB13, whereas 

BT-474 cells show high expression (unpublished data). The lysates were loaded on a 

4% to 15% gradient precast gel (Criterion; Bio-Rad) and the proteins were then 

transferred to a polyvinylidene fluoride membrane. The membrane was incubated 

overnight with the antibody (1:750) or with antibody previously incubated with full-

length recombinant HOXB13 protein in a 10-fold excess. Antibodies were detected 

with a commercial Enhanced Chemiluminescence Plus kit (GE Healthcare UK 

limited, Little Chalfont, UK). To control for equal loading, the membrane was stripped 

and then incubated with a rabbit monoclonal GAPDH antibody (1:1 000; Cell 

Signaling Technology, Inc., Danvers, Ma) and a secondary polyclonal goat-anti-rabbit 

antibody (1:2 000; Dako).  

 

Statistical analysis 

Survival curves were produced according to the life table method described by 

Kaplan and Meier, and differences in survival were estimated with the log rank test. 
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Distant recurrence-free survival (DRFS) was defined as the time from diagnosis to 

distant recurrence or death due to breast cancer. Breast cancer survival (BCS) was 

the time elapsed from diagnosis to the date of death related to breast cancer.  

 

P-values for relationships between HOXB13 and other variables were assessed with 

chi-square test for trend. Univariate analyses of recurrence rates were performed 

with Cox proportional hazard regression. Tests of interactions between treatment 

effect and HOXB13 analysis were done by including product terms in the models, as 

well as other prognostic factors (tumor size and HER2). All statistical procedures are 

comprised in the statistical package Statistica 9.1 (StatSoft Scandinavia AB, Uppsala, 

Sweden).  

 

Results 

HOXB13 protein expression  

Immunohistochemical staining of HOXB13 was performed on tissue micro array 

slides comprising a total of 912 tumors from breast cancer patients. The flow of 

patients through the study is described in Figure 1. Grading of the protein expression 

was successful in 866 cases (95% of the total number of patients), of which 291 

(33.6%) displayed negative, 317 (36.6%) weak, 212 (24.4%) moderate, and 46 

(5.3%) strong staining. Expression of HOXB13 was located exclusively to the nuclei 

of the tumor cells. Examples of the different levels of immunostaining are shown in 

Figure 2a-c. Western blot analysis of the specificity of the antibody gave a single 

specific band at 34 kDa, which was not detectable when the antibody was pre-

incubated with recombinant HOXB13 protein (Figure 2d).  
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Expression of HOXB13 in relation to prognosis and prediction of treatment 

outcome 

Among the patients included in the present study, there were 419 patients who did 

not receive any adjuvant endocrine treatment. Of these, 77% had ER-positive 

disease (n = 310, 16 patients had unknown ER status). For all the endocrine 

untreated patients, irrespective of ER status, neither the rate of distant recurrence nor 

the breast cancer related survival differed between patients with different levels of 

HOXB13 protein expression in the tumor. Hazard ratios according to univariate Cox 

proportional hazard modeling for patients with high expression compared to patients 

with low expression were not statistically significant (DRFS HR = 0.89; 95% CI, 0.58-

1.36; P = 0.59 and BCS HR = 0.76; 95% CI, 0.46-1.25; P = 0.28). Restricting the 

analysis to the ER-positive group gave similar results (DRFS HR = 0.78; 95% CI, 

0.47-1.29, P = 0.32 and BCS HR = 0.60; 95% CI, 0.32-1.14; P = 0.11).  

 

Tamoxifen significantly increased the DRFS (P = 0.00002) and the BCS (P = 

0.00008) in patients with ER-positive tumors expressing none or low levels of 

HOXB13 (Figure 3a-b), whereas the patients with a moderate to high HOXB13 

expression in their tumors did not benefit from the endocrine treatment (Figure 3c-d). 

The interaction between HOXB13 expression and treatment effect was statistically 

significant for DRFS (P = 0.035; multivariate model adjusted for tumor size and 

HER2-status). Cox proportional hazard regression for the tamoxifen benefit in the 

different patient groups is shown in Table 2.  
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For patients with tumors positive for both ER and PR, survival analysis indicated that 

there was a significant benefit from tamoxifen if the HOXB13 expression was low 

(DRFS, P = 0.00001; BCS, P = 0.00004; Figure 4a-b). Still, high levels of HOXB13 

were unfavorable for the patients; no difference in relapse-free survival was noted 

comparing the treated and untreated groups of patients (DRFS, P = 0.38; BCS, P = 

0.74; Figure 4c-d). However, P-values for the multivariate interaction analyses did not 

reach statistical significance (P = 0.072 and P = 0.059 for DRFS and BCS, 

respectively; Table 2). Further analyses showed that patients with ER-positive but 

PR-negative tumors did not seem to benefit from tamoxifen, regardless of HOXB13 

expression levels (Table 2).  

 

Correlation with prognostic factors 

Analysis of possible relationships between HOXB13 protein expression and different 

tumor variables revealed correlations to HER2, ER and tumor size (Table 3). 

HOXB13 was inversely correlated to tumor size (P = 0.0048) and positively 

correlated to ER (P = 0.0022) and HER2-levels (P = 0.0023).  

 

Discussion 

The results from studies aiming to find molecular markers to predict treatment 

response in breast cancer, demonstrate the importance of sensitive markers for 

optimizing and individualizing breast cancer therapy [1-4]. Several studies have 

reported an association between HOXB13 mRNA expression and clinical outcome [5-

9, 12]. In the present study, 34% of the tumors were negative for HOXB13 protein 
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expression, which correlates well to the proportion of tumors with undetectable 

mRNA expression in the study by Jansen et al [7]. 

 

This is the first report about HOXB13 protein expression and its potential as a 

predictor of response to endocrine treatment. In the systemically untreated group, 

HOXB13 could not predict the clinical outcome. This is in line with our previous 

findings, examining potential prognostic features of mRNA expression [8]. The clinical 

value of HOXB13 seems to be within its predictive power. As noted, a high 

expression of the protein results in less benefit from endocrine treatment with 

tamoxifen. Most of the previous studies of HOXB13 have included mainly lymph node 

negative patients, but we have previously shown that the predictive feature of the 

two-gene ratio HOXB13:IL17BR is also applicable to patients with nodal involvement 

[8]. Since the present study comprises a cohort of only lymph node negative patients, 

it would be interesting to examine the HOXB13 protein expression in patients with 

nodal involvement.  

 

The causes of a high HOXB13 expression in breast tumors are still not completely 

clear. The gene encoding HOXB13 maps to chromosome 17q21, a region known to 

be amplified in breast cancer. The gene encoding HER2 also maps to this 

chromosomal location, which raises the question about a possible coamplification of 

the two genes. This is one potential reason for the positive correlation between the 

protein expressions we have seen in the present study, a result which is in line with a 

previous study by Wang and colleagues [12]. However, in that study, HOXB13 

displayed an ER-dependent correlation with HER2 status, since the correlation was 
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evident only in ER-positive tumors. In our study, this relationship was evident in both 

ER-positive as well as ER-negative tumors.  

 

The correlation analysis of HOXB13 protein expression and other proteins in the 

present study revealed a positive correlation to ER, however, it has been reported 

that mRNA levels of HOXB13 correlate negatively with ER [7, 12]. There is also 

evidence pointing towards HOXB13 being an ER-responsive gene, with estradiol 

treatment resulting in a suppression of the gene [11, 12]. Given that the intrinsic 

levels of estradiol is highly variable between different breast tumors [15, 16], and that 

HOXB13 may be a coactivating factor in ER-signaling [17], one may speculate that 

high HOXB13 protein levels can contribute to increased ER activity despite low E2 

concentration within the tumor. A decreased E2 concentration can result from a lower 

intrinsic production, or occur during treatment with aromatase inhibitors. In fact it 

seems that HOXB13 is not only a predictor of tamoxifen resistance, but a marker of 

resistance to endocrine therapy per se. In a recent study by Ma et al, HOXB13 gene 

expression was shown to predict benefit from treatment with the aromatase inhibitor 

letrozole [18]. In the future, a study including both HOXB13, ER and estradiol 

concentrations in a set of tumors would be welcome.  

 

The mechanistic effects of HOXB13 in breast cancer are being investigated, but there 

are few studies published in this matter. The two-gene ratio HOXB13:IL17BR has 

been proposed as a marker for impaired ER gene regulation [12]. Presence of PR in 

a tumor is the most commonly used indicator of functional ER-signaling [19]; patients 

with tumors expressing both ER and PR benefit the most from tamoxifen therapy. 
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The worse prognosis when HOXB13 is high, which is seen in our study, show that 

HOXB13 in fact has a predictive value in addition to PR.  

 

Conclusions 

This is the first study about HOXB13 protein expression in breast cancer. We have 

shown that HOXB13 is predictive of response to adjuvant tamoxifen therapy, in terms 

of a longer DRFS and BCS for tamoxifen treated breast cancer patients if the protein 

expression is low or absent. Nevertheless, further studies are needed in order to 

verify our results.  

 

Abbreviations 

BCS, breast cancer survival; CI, confidence interval; DAB, 3,3’-diaminobenzidine 

tetrahydrochloride; DRFS, distant recurrence-free survival; ER, estrogen receptor; 

HR, Hazard ratio; PR, progesterone receptor; TMA, tissue microarray. 

 

Competing interests 

The authors declare that they have no competing interests. 

 

Authors’ contributions 

PLJ participated in the study design, performed the laboratory work, evaluated the 

immunohistochemical staining, performed the statistical analyses and wrote the 

manuscript. AJ participated in the study design, performed laboratory work, and 



 15

provided critical revision of the manuscript. TF, LS and BN provided the study 

material and clinical information, and collected laboratory data on the study patients. 

OS participated in the study design, evaluated the immunohistochemical staining, 

performed the statistical analyses and provided critical revision of the manuscript. All 

authors read and approved the final manuscript. 

 

Acknowledgements 

This study was supported by grants from the Swedish Cancer Society, the Swedish 

Research Council, and King Gustaf V Jubilee Fund.  



 16

References 

1. Ma XJ, Salunga R, Dahiya S, Wang W, Carney E, Durbecq V, Harris A, Goss 

P, Sotiriou C, Erlander M, Sgroi D: A five-gene molecular grade index and 

HOXB13:IL17BR are complementary prognostic factors in early stage 

breast cancer. Clin Cancer Res 2008, 14:2601-2608. 

2. Paik S, Shak S, Tang G, Kim C, Baker J, Cronin M, Baehner FL, Walker MG, 

Watson D, Park T, Hiller W, Fisher ER, Wickerham DL, Bryant J, Wolmark N: 

A multigene assay to predict recurrence of tamoxifen-treated, node-

negative breast cancer. New England Journal of Medicine 2004, 351:2817-

2826. 

3. van 't Veer LJ, Dai H, van de Vijver MJ, He YD, Hart AA, Mao M, Peterse HL, 

van der Kooy K, Marton MJ, Witteveen AT, Schreiber GJ, Kerkhoven RM, 

Roberts C, Linsley PS, Bernards R, Friend SH: Gene expression profiling 

predicts clinical outcome of breast cancer. Nature 2002, 415:530-536. 

4. Wang Y, Klijn JG, Zhang Y, Sieuwerts AM, Look MP, Yang F, Talantov D, 

Timmermans M, Meijer-van Gelder ME, Yu J, Jatkoe T, Berns EM, Atkins D, 

Foekens JA: Gene-expression profiles to predict distant metastasis of 

lymph-node-negative primary breast cancer. Lancet 2005, 365:671-679. 

5. Ma XJ, Wang Z, Ryan PD, Isakoff SJ, Barmettler A, Fuller A, Muir B, 

Mohapatra G, Salunga R, Tuggle JT, Tran Y, Tran D, Tassin A, Amon P, 

Wang W, Wang W, Enright E, Stecker K, Estepa-Sabal E, Smith B, Younger J, 

Balis U, Michaelson J, Bhan A, Habin K, Baer TM, Brugge J, Haber DA, 

Erlander MG, Sgroi DC: A two-gene expression ratio predicts clinical 



 17

outcome in breast cancer patients treated with tamoxifen. Cancer Cell 

2004, 5:607-616. 

6. Goetz MP, Suman VJ, Ingle JN, Nibbe AM, Visscher DW, Reynolds CA, Lingle 

WL, Erlander M, Ma XJ, Sgroi DC, Perez EA, Couch FJ: A two-gene 

expression ratio of homeobox 13 and interleukin-17B receptor for 

prediction of recurrence and survival in women receiving adjuvant 

tamoxifen. Clin Cancer Res 2006, 12:2080-2087. 

7. Jansen MP, Sieuwerts AM, Look MP, Ritstier K, Meijer-van Gelder ME, van 

Staveren IL, Klijn JG, Foekens JA, Berns EM: HOXB13-to-IL17BR 

expression ratio is related with tumor aggressiveness and response to 

tamoxifen of recurrent breast cancer: a retrospective study. J Clin Oncol 

2007, 25:662-668. 

8. Jerevall PL, Brommesson S, Strand C, Gruvberger-Saal S, Malmstrom P, 

Nordenskjold B, Wingren S, Soderkvist P, Ferno M, Stal O: Exploring the 

two-gene ratio in breast cancer - independent roles for HOXB13 and 

IL17BR in prediction of clinical outcome. Breast cancer research and 

treatment 2008, 107:225-234. 

9. Ma XJ, Hilsenbeck SG, Wang W, Ding L, Sgroi DC, Bender RA, Osborne CK, 

Allred DC, Erlander MG: The HOXB13:IL17BR expression index is a 

prognostic factor in early-stage breast cancer. J Clin Oncol 2006, 24:4611-

4619. 

10. Cantile M, Pettinato G, Procino A, Feliciello I, Cindolo L, Cillo C: In vivo 

expression of the whole HOX gene network in human breast cancer. Eur 

J Cancer 2003, 39:257-264. 



 18

11. Rodriguez BA, Cheng AS, Yan PS, Potter D, Agosto-Perez FJ, Shapiro CL, 

Huang TH: Epigenetic repression of the estrogen-regulated Homeobox 

B13 gene in breast cancer. Carcinogenesis 2008, 29:1459-1465. 

12. Wang Z, Dahiya S, Provencher H, Muir B, Carney E, Coser K, Shioda T, Ma 

XJ, Sgroi DC: The prognostic biomarkers HOXB13, IL17BR, and CHDH are 

regulated by estrogen in breast cancer. Clin Cancer Res 2007, 13:6327-

6334. 

13. Rutqvist LE, Johansson H: Long-term follow-up of the randomized 

Stockholm trial on adjuvant tamoxifen among postmenopausal patients 

with early stage breast cancer. Acta oncologica 2007, 46:133-145. 

14. Wrange O, Nordenskjöld B, Gustafsson JA: Cytosol estradiol receptor in 

human mammary carcinoma: an assay based on isoelectric focusing in 

polyacrylamide gel. Analytical biochemistry 1978, 85:461-475. 

15. Nagai R, Kataoka M, Kobayashi S, Ishihara K, Tobioka N, Nakashima K, 

Naruse M, Saito K, Sakuma S: Estrogen and progesterone receptors in 

human breast cancer with concomitant assay of plasma 17beta-estradiol, 

progesterone, and prolactin levels. Cancer Res 1979, 39:1834-1840. 

16. van Landeghem AA, Poortman J, Nabuurs M, Thijssen JH: Endogenous 

concentration and subcellular distribution of androgens in normal and 

malignant human breast tissue. Cancer Res 1985, 45:2907-2912. 

17. Jung C, Kim RS, Zhang HJ, Lee SJ, Jeng MH: HOXB13 induces growth 

suppression of prostate cancer cells as a repressor of hormone-

activated androgen receptor signaling. Cancer Res 2004, 64:9185-9192. 

18. Ma X-J, Bandaru R, Letzkus M, Philips P, Barrett JC, Erlander M, Goetz M, 

Sgroi D, Gardner H, Baselga J: HOXB13 May Predict Response to 



 19

Neoadjuvant Letrozole in Patients with Estrogen Receptor-Positive 

Breast Cancer [abstract]. Cancer Research 2009, 69 (24 suppl):2120. 

19. Lapidus RG, Nass SJ, Davidson NE: The loss of estrogen and 

progesterone receptor gene expression in human breast cancer. J 

Mammary Gland Biol Neoplasia 1998, 3:85-94. 

 

 
 
 
 
 
 



 20

Figure legends 
 

Figure 1. Study design. Randomization and flow of patients included in the original 

and the present study.  

 

Figure 2. HOXB13 grading and antibody control. Tumor tissue immunostained for 

HOXB13 (A, weak; B, moderate; C, strong). D: Western blot analysis of HOXB13 in 

protein lysates from SKBR3, T47D and BT-474 cells. For the lane denoted BT-474*, 

the antibody was preincubated with recombinant HOXB13 protein prior to incubation 

with the membrane.  

 

Figure 3. Cumulative survival for patients with ER-positive tumors, stratified by 

HOXB13.  Kaplan-Meier curves illustrating clinical outcome in terms of distant 

recurrence-free survival and breast cancer survival for patients with estrogen 

receptor (ER) positive tumors undergoing tamoxifen treatment or no endocrine 

therapy. A and B, Low or no expression of HOXB13; C and D, moderate or high 

HOXB13 expression.  

 

Figure 4. Cumulative survival for patients with tumors expressing ER and PR, 

stratified by HOXB13. Kaplan-Meier curves illustrating clinical outcome in terms of 

distant recurrence-free survival and breast cancer survival for patients with estrogen 

receptor (ER) and progesterone receptor (PR) positive tumors undergoing tamoxifen 

treatment or no endocrine therapy. A and B, Low or no expression of HOXB13; C and 

D, moderate or high HOXB13 expression. 
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Table 1. Patient characteristics 

 Number of patients (%) 

 Patients in 

present study 

(n = 912) 

 Patients with 

HOXB13 expression 

data (n = 866) 

 Original cohort 

(n = 1780) 

Tumor diameter      

   ≤  20 mm 697 (79)  661 (79)  1393 (81) 

   > 20 mm 189 (21)  181 (21)  323 (19) 

   Unavailable 26  24  64 

      

Estrogen receptor 

status 

     

   + 686 (78)  651 (77)  1183 (80) 

   - 198 (22)  190 (23)  296 (20) 

   Unavailable 28  25  301 

      

Progesterone receptor 

status 

     

   + 415 (52)  401 (52)  590 (48) 

   - 380 (48)  366 (48)  627 (52) 

   Unavailable 117  99  563 

      

Tamoxifen treatment      

   + 473 (52)  447 (52)  886 (50) 

   - 439 (48)  419 (48)  894 (50) 

Tumor and treatment characteristics of the patients included in the original cohort, the 

present study and patients in the present study with successful HOXB13 protein 

expression scoring.  
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Table 2. Estimation of the benefit from adjuvant tamoxifen treatment 

 Distant recurrence Breast cancer death 

 Tamoxifen vs no endocrine treatment 

 HR (95 % CI) P Pinteraction* HR (95 % CI) P Pinteraction* 

ER+       

   HOXB13 low 0.38 (0.23-0.60) 0.000048  0.35 (0.20-0.60) 0.00016  

   HOXB13 high 0.88 (0.47-1.65) 0.69 0.035 0.84 (0.37-1.90) 0.67 0.060 

       

ER+ PR+       

   HOXB13 low 0.26 (0.14-0.49) 0.000022  0.24 (0.11-0.50) 0.00015  

   HOXB13 high 0.70 (0.31-1.56) 0.38 0.072 0.82 (0.27-2.56) 0.74 0.059 

       

ER+ PR-       

   HOXB13 low 0.69 (0.31-1.56) 0.37  0.64 (0.26-1.56) 0.33  

   HOXB13 high 0.89 (0.31-2.54) 0.83 0.51 0.60 (0.17-2.13) 0.43 0.98 

*Tests whether there is a difference in the treatment response. The models included, besides treatment 

(tamoxifen vs no endocrine treatment), HOXB13 expression (high vs low) and an interaction variable, 

also tumor size (> 20 mm vs ≤  20 mm) and HER2 status (3+ vs 0-2+). 

Abbreviations: CI, confidence interval; ER, estrogen receptor; PR, progesterone receptor; HR, hazard 

ratio.  

Cox regression analysis of distant recurrence rate and breast cancer related deaths 

for patients with ER-positive, ER- and PR-positive and ER-positive and PR-negative 

tumors in relation to HOXB13 protein expression.  
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Table 3. Correlation between HOXB13 protein levels and prognostic factors 

analyzed with chi-square test for trend  

 HOXB13 expression P value 

 Negative Low Intermediate High  

Tumor size      

   ≤  20 mm 205 (31.0) 249 (37.7) 168 (25.4) 39 (5.9)  

   > 20 mm 78 (43.1) 59 (32.6) 37 (20.4) 7 (3.9 0.0048 

      

HER2      

   0 189 (38.4) 172 (35.0) 102 (20.7) 29 (5.9)  

   1+ 38 (26.6) 55 (38.5) 45 (31.5) 5 (3.5)  

   2+ 16 (20.5) 32 (41.0) 26 (33.3) 4 (5.1)  

   3+ 27 (29.7) 30 (33.0) 27 (29.7) 7 (7.7) 0.0023 

      

ER*     

   0 63 (39.4) 48 (30.0) 34 (21.3) 15 (9.4)  

   1-24  5 (35.7) 5 (35.7) 4 (28.6) 0 (0)  

   25-74 69 (57.0) 35 (28.9) 16 (13.2) 1 (0.8)  

   75-89 63 (33.3) 67 (35.5) 47 (24.9) 12 (6.4)  

   > 90 62 (22.1) 110 (39.3) 96 (34.3) 12 (4.3) 0.0022 

      

PR*     

   0 120 (39.9) 92 (30.6) 68 (22.6) 21 (7.0)  

   1-24  43 (42.6) 29 (28.7) 26 (25.7) 3 (3.0)  

   25-74 58 (29.3) 87 (43.9) 48 (24.2) 5 (2.5)  

   75-89 27 (24.1) 42 (37.5) 33 (29.5) 10 (8.9)  

   > 90 20 (36.4) 21 (38.2) 12 (21.8) 2 (3.6) 0.13 

*Percentage of positive nuclei stained with immunohistochemistry.  

Number of patients (%). 
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