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Abstract

Background The two-gene expression ratio HOX-
B13:IL17BR has been proposed to predict the outcome of
tamoxifen-treated breast cancer patients. We intended to
examine whether this ratio can predict the benefit of
5 years vs. 2 years of tamoxifen treatment of postmeno-
pausal patients. A further objective was to investigate any
prognostic effects of the ratio in systematically untreated
premenopausal patients. Based on the current knowledge of
HOXBI13 and IL17BR, we hypothesized that these genes
may have individual prognostic or predictive power.
Patients and methods Expression of HOXBI13 and
IL17BR were quantified by real-time PCR in tumors from
264 randomized postmenopausal patients and 93 systemi-
cally untreated premenopausal patients.

Results A high HOXB13:IL17BR ratio was associated
with aggressive tumor characteristics, as were low levels of
IL17BR alone. The ratio and HOXB13 alone predicted
recurrence-free survival after endocrine treatment, with a
benefit of prolonged treatment in estrogen receptor-positive
patients correlated to a low ratio (recurrence rate ratio:
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RR =0.39; P =0.030), or low expression of HOXB13
(RR =0.37; P = 0.015). No difference in recurrence-free
survival was seen for the high ratio or high HOXBI13
subgroups. The predictive value of HOXB13 and HOX-
B13:IL17BR was significant in multivariate analysis. In the
systemically untreated cohort, only IL17BR showed inde-
pendent prognostic significance.

Conclusion We conclude that the ratio or HOXB13 alone
can predict the benefit of endocrine therapy, with a high
ratio or a high expression rendering patients less likely to
respond. We have also shown that IL17BR might be an
independent prognostic factor in breast cancer.

Introduction

Optimal development of endocrine treatment for women
with breast cancer requires evaluation of potential bio-
markers so that additional prognostic and predictive
markers can be implemented in the clinic. The presence of
estrogen (ER) and progesterone receptors (PgR) in breast
cancer cells is the most important determinant for pre-
dicting the response to adjuvant endocrine treatment with
tamoxifen in primary breast cancer. Five years of tamoxi-
fen treatment of ER-positive patients reduce the annual
breast cancer death rate by about one third, but still almost
25% of the women participating in trials of adjuvant
endocrine therapy with tamoxifen fail to respond and re-
lapse within 10 years [1]. These patients represent a group
where alternative therapies could be beneficial.

Sorlie et al. [2] showed that clinical outcome of breast
cancer could be predicted by using gene expression pro-
files, and since then, several studies have been performed
in order to develop predictive models. Some studies have
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shown that gene expression profiles are linked to ER status
[3, 4] and to clinical outcome [2, 5-7]. In metastatic breast
cancer, a 44-gene expression signature was found to be
associated with an objective response to tamoxifen [8].
Paik and co-workers developed a recurrence score, based
on 21 genes, which correlated with the likelihood of distant
recurrence in node-negative patients after adjuvant
tamoxifen [9]. Ma et al. performed a genome-wide micro-
array analysis of tumors from ER-positive patients treated
with adjuvant tamoxifen, in which they were able to reduce
an expression signature to a two-gene expression ratio pre-
dictive of disease-free survival [10]. Homeobox B13
(HOXB13) over interleukin 17B receptor (IL17BR) was
found to be strongly correlated with treatment outcome, with
higher ratios associated with decreased disease-free survival.
In another study, these results could not be verified [11].
However, the cohort of 58 patients in this study, mainly
comprised lymph node-positive patients, and subsequent
studies on the two gene expression ratio have suggested that
the principal prognostic value may be found among lymph
node-negative patients [12, 13]. As the importance of
HOXBI13:IL17BR has not been evaluated in a randomized
study comparing adjuvant tamoxifen vs. no adjuvant
tamoxifen, the importance of the ratio for predicting the re-
sponse to adjuvant tamoxifen is still a matter of debate.

The aim of the present study was to investigate the
significance of the HOXB13 to IL17BR ratio in a large
cohort of postmenopausal breast cancer patients. The pa-
tients in our study were participants in a previous ran-
domized trial investigating the benefit of 5 versus 2 years
of adjuvant tamoxifen treatment. This enabled us to
investigate whether the two-gene expression ratio, or either
of the genes alone, can predict the benefit of prolonged
treatment in postmenopausal women. A further objective
was to analyze the expression ratio in a cohort of system-
atically untreated premenopausal patients, in order to
investigate any prognostic effects of the genes. Based on
the current knowledge of HOXB13 and IL17BR, and the
fact that they do not seem to have a functional intercon-
nection, we hypothesized that the genes could have indi-
vidual prognostic or predictive power.

Materials & methods
Patients

This study was performed as a collaborative study including
two centers in the Southeast (Center 1) and South (Center 2)
Health Care Regions in Sweden. The study was approved
by the local ethical committee in Lund. We analyzed tissue
from excised primary tumors of a total of 373 women,
treated in these regions between 1982 and 1995. The post-
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menopausal patients were participants in a randomized
clinical trial, comparing 2 and 5 years of adjuvant tamoxi-
fen treatment [14]. The premenopausal patients were en-
rolled in a trial aimed at comparing the effect of tamoxifen
treatment versus no treatment [15]. From this trial, only
patients from the untreated cohort were chosen. The pa-
tients underwent modified radical mastectomy or breast
conserving surgery with axillary lymph node dissection.
After breast conserving surgery, radiotherapy (50 Gy/25
fractions) was delivered locoregionally to patients with
lymph node-positive breast cancer. In the present study,
subsets of patients from the two trials were included, based
on availability of frozen tumor material and RNA quality.
After surgery, the tumor samples were stored at —70°C.
ER and PgR content, HER2 status, DNA ploidy, pro-
portion of cells in S-phase, and Nottingham histologic
grade (NHG) were assessed as in clinical routine practice
and as previously described [15-17]. Of 373 tumor samples
analyzed, RNA expression data were obtained from 357
tumors, 264 were postmenopausal and 93 were premeno-
pausal patients. The selected groups of patients did not
significantly differ from the original cohorts in terms of
clinical and tumor characteristics, except for tumor size
and the duration of tamoxifen treatment, with a higher
proportion of large tumors and patients treated for two
years with tamoxifen in the selected cohorts (Table 1).

Total RNA extraction and cDNA synthesis

Fresh-frozen tumor tissue (30-100 mg) was homogenized
with a microdismembrator (B Braun Melsungen AG,
Melsungen, Germany) and total RNA was isolated with the
SV Total RNA Isolation System (Promega Corporation,
Madison, WI; Center 1) or Trizol reagent (Invitrogen
Carlsbad, CA) followed by RNeasy Midi kit (Qiagen,
Chatsworth, CA; Center 2). RNA quality was tested using
RNA 6000 Nano LabChip Kit with Agilent 2100 BioAn-
alyzer (Agilent Technologies, Palo Alto, CA; Center 2).
Concentration was determined using NanoDrop Spectro-
photometer (NanoDrop Technologies, Wilmington, DE).

Reverse transcription of RNA was performed with the
1** Strand ¢cDNA Synthesis Kit for RT-PCR (Roche Diag-
nostics, Indianapolis, IN) with random primers (Center 1),
or SuperScript'™ II Reverse Transcriptase (Invitrogen)
with Anchored Oligo(dT),q Primer (Invitrogen) (Center 2),
according to the manufacturers’ instructions.

Real-time PCR

The relative abundances of HOXB13 and IL17BR mRNA
were determined with real-time quantitative PCR with
triplicates of each sample. Primer and probe sequences
used in the reactions for amplification of the two target
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Table 1 Patients and tumor characteristics of the samples investigated, compared to the original cohorts
Number of patients (%)
Postmenopausal patients Premenopausal patients
Present study (n = 264)  Original cohort” (n = 2478) P value Present study (n = 93)  Original cohort”® (n = 288) P value
Nodal status
Negative 73 (28) 758 (31) 26 (28) 77 (27)
Positive 184 (72) 1711 (69) 0.32 67 (72) 210 (73) 0.85
Unknown 7 9 1
Tumor diameter
<20 mm 77 (29) 903 (37) 24 (26) 122 (42)
>20 mm 187 (71) 1565 (63) 0.010 69 (74) 166 (58) 0.0060
Unknown 10
Estrogen receptor status
ER+ 195 (74) 1407 (75) 59 (63) 175 (63)
ER- 69 (26) 478 (25) 0.73 34 (37) 104 (37) 1.0
Unknown 593 9
Progesterone receptor status
PgR+ 142 (54) 952 (48) 60 (65) 184 (66)
PgR- 120 (46) 1023 (52) 0.068 33 (35) 95 (34) 0.86
Unknown 2 503 9
Nottingham grade (NHG)
NHG 1 ¢ ¢ 4 (4.9) 31 (12)
NHG 2 38 (47) 118 (45)
NHG 3 39 (48) 116 (44) 0.21
Unknown 12 23
Tamoxifen
2 years 163 (62) 1250 (50)
5 years 101 (38) 1228 (50) 0.0002

? Swedish Breast Cancer Cooperative Group. Randomized trial of two versus five years of adjuvant tamoxifen for postmenopausal early stage

breast cancer. J Natl Cancer Inst 1996; 88:1543-1549

® Ryden L, Jonsson PE, Chebil G et al. Two years of adjuvant tamoxifen in premenopausal patients with breast cancer: a randomised, controlled

trial with long-term follow-up. Eur J Cancer 2005; 41:256-264

¢ Data not available for the postmenopausal patients

genes were as follows: HOXB13: TTCATCCTGACAGTG
GCAATAATC (forward) CTAGATAGAAAATATGAGG
CTAACGATCAT (reverse), VIC-CGATAACCAGTACT
AGCTG (MGB-probe); IL17BR: GCATTAACTAACGA
TTGGAAACTACATT (forward), GGAAGATGCTTTAT
TGTTGCATTATC (reverse), VIC-ACAACTTCAAAGC
TGTTTTA (MGB-probe) [10]. For amplification of the
endogenous reference gene human ACTB (f-actin) the
primers and probe used in Center 2 were TCACCCA-
CACTGTGCCCATCTACGA (forward), CAGCGGAACC
GCTCATTGCCAATGG (reverse), VIC-ATGCCCTCCC
CCATGCCATCCTGCGT (MGB-probe) whereas Center 1
used TagMan® Endogenous Control (VIC/TAMRA
probe). Primers and probes were purchased from Applied
Biosystems (Foster City, CA).

Center 1 performed the real-time PCR reactions using
ABI Prism 7700 Sequence Detection System (Applied

Biosystems) with TagMan PCR core Reagent Kit (PE Ap-
plied Biosystems). Center 2 used Rotor-Gene 3000 (Corbett
Research, Sydney, Australia) and TagMan Universal PCR
Master Mix (Applied Biosystems). All reactions were per-
formed according to the manufacturers’ instructions.

A relative kinetic method was applied using four point
standard curves in each run, constructed of serial dilutions
of cDNA from the breast cancer cell line BT-474. The
quantity of the target genes in each sample was determined
from the corresponding standard curve, and the amount of
HOXB13 and IL17BR was normalized to f-actin quantity.
Samples with a f-actin quantity lower than the most diluted
sample in the standard curve were excluded from the study.
Expression analysis performed for a reproducibility study
of both participating centers demonstrated highly concor-
dant results, calculated with Pearson’s correlation (n = 10;
HOXBI13:f-actin: r = 0.96, P < 0.001, IL17BR:p-actin:
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r=0.87, P=0.002; HOXBI3:IL17BR: r=0.99,
P < 0.001). The median values in the two complete sub-
sets, analyzed at the two centers, were similar for
HOXB13:$-actin (0.086 vs. 0.081), IL17BR:f-actin (1.4
vs. 1.3), and HOXB13:IL17BR (0.074 vs. 0.055).

Statistical analysis

The relationships between grouped variables were analyzed
with the y* test, or * test for trend when required. Spear-
man’s rank order correlation was used when comparing
HOXB13 and IL17BR levels. Recurrence-free survival was
defined as the time from diagnosis to the first of the fol-
lowing events: local, regional, or distant recurrence or death
due to breast cancer. Breast cancer survival was the time
elapsed from diagnosis to the date of death due to breast
cancer. The median periods of follow-up for recurrence free
patients were 9.7 and 11.2 years for premenopausal and
postmenopausal patients, respectively. Prior to the statisti-
cal analyses, the median values of HOXB13, IL17BR, and
their ratio were chosen for cut-off points when patients were
divided into categories with low or high expression. Sur-
vival curves were calculated using the Kaplan-Meier
method and analyzed with the log rank test. Multivariate
analysis of recurrence and mortality rates was performed
with Cox proportional hazard model. A Cox model was also
used to test for the interaction between the two-gene ratio
and the benefit from prolonged duration of tamoxifen
treatment. Only patients who remained recurrence-free at
2 years were included in the survival analyses, thus, 3
additional years with tamoxifen was compared with no
further therapy. The following variables were included:
HOXB13:IL17BR ( > median vs. < median), treatment (5
vs. 2 years), lymph node status (N+ vs. N-), tumor size ( >
20 mm vs. <20 mm), PgR status (PgR+ vs. PgR-), and an
interaction variable (HOXB13:IL17BR x treatment). Sim-
ilar models were used for HOXB13 and IL17BR alone. All
statistical analyses were carried out with the Statistica 6.0
software (Statsoft Scandinavia AB, Sweden).

Results

Expression data from 357 tumors were obtained, 264 from
postmenopausal patients and 93 from premenopausal.
Within these cohorts, 97 (37%) of the postmenopausal and
40 (43%) of the premenopausal women developed recur-
rence within the follow-up period. The level of the HOX-
B13:IL17BR ratio was well correlated with both HOXB13
and IL17BR, but HOXB13 had the main impact on the
ratio (rs= 0.68 and r;, = —0.26, respectively). No significant
correlation was found between HOXB13 and IL17BR
(rs = 0.006).
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Comparisons between the HOXB13:IL17BR ratio and
clinicopathological variables revealed a correlation be-
tween a high ratio and larger tumors, high histological
grade, lack of ER and PgR, positive HER2 status, DNA
non-diploidy, and a high proportion of cells in S-phase
(Table 2). IL17BR itself, but not HOXB13, was also cor-
related to a number of factors related to poor prognosis,
with lower expression of IL17BR associated with markers
of worse outcome. HOXB 13 expression, on the other hand,
was higher in larger and non-diploid tumors only.

The survival curves for ER-negative postmenopausal
patients did not reveal any significant differences for the
expression ratio or the genes separately (ratio: P = 0.92,
HOXB13: P =0.30, IL17BR: P = 0.21). Therefore, all
further analyses on the postmenopausal cohort were per-
formed in the ER-positive group of patients only.

HOXB13, IL17BR, and the benefit of five vs. two years
of tamoxifen

Among postmenopausal ER-positive patients, whose tumor
displayed a lower ratio of HOXB13:IL17BR, a benefit
from a prolonged duration of tamoxifen treatment was
evident (P = 0.021; Fig. 1A). This advantage could not be
seen among patients with a higher ratio (P = 0.90). Con-
sistent with the predictive power of the lower ratio and the
main impact of HOXB13 on the ratio, a low expression of
HOXB13 combined with 5 years of tamoxifen was bene-
ficial for the patients (P = 0.010, Fig. 1B). Prolonged
treatment was not advantageous in the group with high
IL17BR expression (P = 0.44, Fig. 1C), but the beneficial
effects of longer endocrine treatment reached borderline
significance among patients with low expression of this
gene (P = 0.061). The predictive significance of both the
two-gene ratio and HOXB13 alone remained true in mul-
tivariate analysis using Cox proportional hazard modeling
adjusting for tumor size, PgR status, and lymph node status
(Table 3). The interaction between IL17BR and the result
of prolonged tamoxifen treatment was not significant (Ta-
ble 3). In order to further validate the finding of the sig-
nificance of the two-gene ratio in node-positive patients,
we performed similar univariate and multivariate analysis
as described above, in which we excluded node-negative
patients (Table 4). Both the HOXB13:IL17BR ratio and
HOXB13 remained significant in this cohort of patients.

HOXBI13 and IL17BR as prognostic factors

For systemically untreated premenopausal patients, there
was a slight trend that patients with high IL17BR expres-
sion had better recurrence-free survival compared to those
with low IL17BR expression (P = 0.12; Fig. 2). A similar
difference was found for the HOXBI13:IL17BR ratio
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Table 2 Correlation between the HOXB13 to IL17BR expression ratio, HOXB13, IL17BR, and clinicopathological factors
Number of patients (%)
HOXBI13:IL17BR P value HOXB13 P value IL17BR P value
< median > median < median > median < median > median
Menopausal status
Premenopausal 45 (48) 48 (52) 39 (42) 54 (58) 49 (53) 44 (47)
Postmenopausal 133 (50) 131 (50) 0.741 140 (53) 124 (47) 0.066 130 (49) 134 (51) 0.568
Nodal status®
Negative 44 (44) 55 (56) 46 (46) 53(54) 49 (49) 50 (51)
Positive 130 (52) 121 (48) 0.216 131 (52) 120 (48) 0.334 126 (50) 125 (50) 0.906
Tumor diameter
<20 mm 63 (62) 38 (38) 62 (61) 39 (39) 50 (50) 51 (50)
>20 mm 115 (45) 141 (55) 0.003 117 (46) 139 (54) 0.008 129 (50) 127 (50) 0.880
Estrogen receptor status
ER+ 147 (58) 107 (42) 131 (52) 123 (48) 115 (45) 139 (55)
ER- 31 (30) 72 (70) <0.001 48 (47) 55 (53) 0.395 64 (62) 39 (38) 0.004
Progesterone receptor status®
PgR+ 123 (61) 79 (39) 109 (54) 93 (46) 85 (42) 117 (58)
PgR- 53 (35) 100 (65) <0.001 68 (44) 85 (56) 0.076 94 (61) 59 (39) <0.001
Her2 status®
- 95 (52) 87 (48) 97 (53) 85 (47) 85 (47) 97 (53)
+ 8 (25) 24 (75) 0.005 14 (44) 18 (56) 0.319 22 (69) 10 (31) 0.021
Nottingham grade °
NHG 1 3 (75) 1 (25) 3 (75) 1(25) 1(25) 3(75)
NHG 2 26 (68) 12 (32) 18 (47) 20 (53) 18 (47) 20 (53)
NHG 3 10 (26) 29 (74) <0.001 14 (36) 25 (64) 0.143 26 (67) 13 (33) 0.038
DNA ploidy®
Diploid 62 (65) 34 (35) 62 (65) 34 (35) 37 (39) 59 (61)
Non-diploid 88 (43) 116 (57) <0.001 90 (44) 114 (56) <0.001 110 (54) 94 (46) 0.013
S-phase
<12 % 99 (57) 75 (43) 94 (54) 80 (46) 75 (43) 99 (57)
212 % 32 (38) 52 (62) 0.005 39 (46) 45 (54) 0.253 50 (60) 34 (40) 0.013
Tamoxifen treatment
None 45 (48) 48 (52) 39 (42) 54 (58) 49 (53) 44 (47)
2 years 85 (52) 78 (48) 90 (55) 73 (45) 80 (49) 83 (51)
5 years 48 (48) 53 (52) 0.881 50 (50) 51 (50) 0.326 50 (50) 51 (50) 0.669
4 7 unknown
® 2 unknown

¢ 143 unknown

57 unknown

99 unknown

Data from premenopausal patients only

(P = 0.12). However, when HOXB13 and IL17BR were
used as continuous variables in univariate analyses
according to Cox proportional hazard regression, IL17BR
was significantly associated with recurrence (Table 5).
With borderline significance, this remained true in multi-

variate analysis. An independent prognostic significance of
the HOXB13:IL17BR ratio was not evident. Similar results
were found when breast cancer mortality was analyzed
(data not shown). HOXB13 on its own did not influence the
outcome, regardless of the endpoint used.
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Discussion

By studying 264 postmenopausal patients treated with
adjuvant tamoxifen and 93 premenopausal patients, not
treated with any systemic adjuvant therapy, we have found
that the HOXB13:IL17BR gene expression ratio, and the
expression of HOXB13 alone, predict the effect of pro-
longed treatment with tamoxifen, whereas high IL17BR
was associated with low risk of recurrence in the subgroup
of systemically untreated patients.

According to previous studies, the clinical importance of
the two-gene ratio is largely confined to lymph node-neg-
ative patients [10—13]. The patients in the present study, on
the other hand, were mainly lymph node-positive (72%).
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Earlier studies have included patients uniformly treated
with tamoxifen and thus can not for certain prove if the
ratio is treatment predictive, prognostic, or both, although
the recent study by Ma and colleagues indicated a prog-
nostic value in a cohort of untreated patients [13]. The
randomization of treatment duration in our group of pa-
tients enabled us to investigate whether the two-gene ratio
could predict the benefit of prolonged treatment with
tamoxifen. In fact, in the present study we have shown that
the ratio may have a predictive value also for lymph node-
positive patients. In order to validate this finding, we ex-
cluded node-negative patients from the analysis and then
found the interaction between the two-gene ratio and the
treatment effect to remain statistically significant. Our re-
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Table 3 Cox proportional hazard models analyzing the recurrence rate ratio for ER-positive patients treated with tamoxifen for either 2 or
5 years in relation to the HOXB13:IL17BR ratio or the variables alone

Recurrence rate ratio 5 years vs. 2 years tamoxifen

Significance P Test for interaction (P)

HOXB13:IL17BR

< median 0.39 (0.17-0.91)
> median 0.95 (0.43-2.1)
HOXB13

< median 0.37 (0.17-0.83)
> median 1.1 (0.50-2.6)
IL17BR

< median 0.48 (0.22-1.05)
> median 0.74 (0.33-1.6)

0.030
0.90 0.035
0.015

0.75 0.018
0.066

0.45 0.49

Only patients who remained recurrence-free 2 years after diagnosis were included in the analysis (n = 170)

Tests whether there is a difference in the treatment response. Each test was a multivariable Cox analysis also including lymph node status (N+ vs.
N-), tumor size ( > 20 mm vs. < 20 mm), PgR status (PgR + vs. PgR-), treatment (5 years vs. 2 years), and an interaction variable

Table 4 Cox proportional hazard models analyzing the recurrence rate ratio for ER-positive and lymph node-positive patients treated with
tamoxifen for either 2 or 5 years in relation to the HOXB13:IL17BR ratio or the variables alone

Recurrence rate ratio 5 years vs. 2 years tamoxifen

Significance P Test for interaction (P)

HOXB13:IL17BR

< median 0.27 (0.10-0.72)
> median 1.3 (0.58-3.0)
HOXB13

< median 0.30 (0.12-0.73)
> median 1.5 (0.63-3.4)
IL17BR

< median 0.47 (0.21-1.1)
> median 0.77 (0.33-1.8)

0.0087

0.52 0.014
0.0083

0.37 0.0081
0.070

0.55 0.44

Only patients who remained recurrence-free 2 years after diagnosis were included in the analysis (n = 134)

Tests whether there is a difference in the treatment response. Each test was a multivariable Cox analysis also including tumor size ( > 20 mm
vs. £ 20 mm), PgR status (PgR+ vs. PgR-), treatment (5 years vs. 2 years), and an interaction variable

sults suggest a possible involvement for at least one of the
genes in the development of resistance to tamoxifen. Based
on these results, we, unlike previous studies, suggest that
the two-gene ratio is valuable also in node-positive pa-
tients.

During the analysis of a possible correlation between the
ratio (and the genes alone) and a variety of clinicopatho-
logical factors, we found that IL17BR, rather than
HOXB13, was correlated to a number of factors that are all
related to a poor prognosis. This made us hypothesize that
IL17BR is more of a prognostic nature, whereas HOXB13
is more implicated in the development of resistance to
tamoxifen. In fact, in the subsequent analyses of the indi-
vidual genes, a high expression of HOXB13 predicted that
the patients were unresponsive to prolonged endocrine
adjuvant treatment. The gene expression of IL17BR was
not of significant treatment predictive value even though
tumors expressing a low level of IL17BR seemed to re-

spond better to tamoxifen than tumors with high levels. In
the cohort with systematically untreated patients we found
that only IL17BR, and not HOXB13, alone had prognostic
importance and this remained true, albeit with borderline
significance when adjusting for other variables. Taken to-
gether, patients with tumors expressing IL17BR at a low
level, with a shorter recurrence free survival than those
with high IL17BR, may still be candidates for tamoxifen
treatment. The HOXB13:IL17BR ratio has previously been
shown to be an independent prognostic factor in ER-posi-
tive and node-negative patients [13]. The ratio and
HOXBI13 gene expression could be of importance for
identification of which ER-positive breast cancer patients
will respond to tamoxifen and those who are resistant and
thus need different adjuvant treatment.

HOX genes are known to control morphogenesis and to
maintain tissue and organ specificity in the adult body. The
implication of the HOXB13 gene product in different types
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Fig. 2 Recurrence-free survival for systemically untreated premeno-
pausal patients according to low (Smedian) or high (>median): (A)
HOXB13:IL17BR expression ratio, (B) HOXB13 expression, and (C)
IL17BR expression
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of cancer is beginning to be elucidated. It has been pro-
posed as a marker for prostate cancer [18], and is also
believed to be involved in endometrial cancer [19], cervical
cancer [20], as well as renal cell carcinoma [21], and
colorectal cancer [22]. In human cutaneous malignant
melanoma with distant metastasis, the expression level of
certain HOX genes, including HOXB 13, was higher than in
those melanoma patients without metastases [23], and in
endometrial cancer cells, antisense-transfection of the
HOXB13 gene reduced the invasive ability of the cells
[19]. In contrast, overexpression of HOXB13 in prostate
cancer cells resulted in inhibition of cell growth and sup-
pression of hormone-activated androgen receptor tran-
scriptional activity, presumably via physical interaction
with the receptor [24, 25]. In the same study it was seen
that estradiol-stimulated ER activity in breast cancer cells
was not suppressed by HOXB13; in fact, if there was any
influence on the activity it appears as though HOXB13
enhanced this activity [25]. Recent studies on ER signaling
suggests HOXB13 to be an ER target gene since its
expression in breast cancer cells is suppressed after estro-
gen stimulation [26]. A survey of the HOX gene network
expression in normal human breast and breast cancer tissue
revealed that HOXB13 is upregulated in tumor tissue
compared to its normal counterpart [27]. The chromosomal
localization of HOXBI13 also gives an indication of its
importance in breast tumorigenesis [28], since 17q21 is an
area harboring a number of genes involved in breast car-
cinogenesis. Deregulation of HOXB13 may have different
consequences in different cancer types but it seems to have
oncogenetic properties in some hormone dependent
malignancies through interactions with hormone receptors
and thus might interact with ER. Overexpression of
HOXB13 may therefore contribute to tamoxifen resistance.
Further studies are required in order to shed light on the
molecular network and interconnections between
HOXB13, ER and tamoxifen resistance.

The role of IL17BR in breast cancer is not well ex-
plored. The protein is a cytokine receptor that specifically
binds to IL17B and IL17E in the IL17 family [29, 30]. One
may speculate that IL17BR could act in a protective way
by taking part in the immune response against cancer cells,
but this remains to be shown. The IL17BR gene is located
at 3p21 and this chromosomal region is frequently lost in
cancer, including breast cancer. Thus, low expression of
IL17BR may correlate with the loss of putative tumor
suppressor genes at 3p21, which could be an alternative
explanation for the correlation between IL17BR and
prognosis.

We have demonstrated that the gene expression of
HOXB13 and the HOXBI13:IL17BR ratio were able to
predict the benefit of prolonged tamoxifen treatment in
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Table 5 Univariate and multivariate analysis of recurrence rate according to Cox proportional hazard regression for premenopausal patients not
given adjuvant systemic treatment (n = 93)

Recurrence rate ratio (95% C.1.)

Univariate Multivariate Multivariate
Nodal status N+ vs. N— 1.8 (0.81-3.8) P =0.15 1.7 (0.73-3.9) P =023 1.8 (0.774.1) P =0.17
Tumor size > 20 mm vs. < 20 mm 2.3 (0.97-5.5) P =0.060 2.7 (1.07-7.0) P =0.035 2.2 (0.89-5.3) P =0.089
NHG?® Grade 3 vs. 1-2 2.0 (1.04-3.9) P =0.038 1.6 (0.76-3.3) P =023 1.6 (0.79-3.4) P =0.18
HOXB13: IL17BR" 1.18 (0.98-1.42) P =0.084 - - 1.07 (0.88-1.31) P =048
HOXB13" 1.05 (0.84-1.31) P =0.69 0.92 (0.72-1.19) P =053 - -
IL17BR® 0.75 (0.57-0.99) P =0.042 0.73 (0.53-1.01) P =0.058 - -

The significances of the two-gene ratio and the genes alone as continuous variables were tested in two separate models including established

prognostic factors

a

Nottingham histologic grade

® Logarithm of continuous expression values

ER-positive breast cancer patients and may be useful as
treatment predictive markers. We have also demonstrated
that the expression of IL17BR seems to be an independent
prognostic marker, but further studies are needed in a lar-
ger cohort of untreated breast cancer patients for confir-
mation of these findings.
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