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Abstract: Homeobox protein Hox-D13 has been recognized as a tumor suppressor in pancreatic cancer. To evaluate 
the function of HOXD13 in invasive breast cancer pathogenesis, we examined HOXD13 expression in 434 breast 
cancer tissues and 230 their counterpart normal breast tissues by immunohistochemistry using a tissue microarray 
(TMA). The association between HOXD13 expression and clinicopathological factors was analyzed by use of Chi-
square test. Kaplan-Meier survival curves and log -rank tests were applied to analyze the survival status. Cox regres-
sion was applied for multivariate analysis of prognosis. We found that low HOXD13 expression accounts for 84.3% 
in breast cancer tissues. Low HOXD13 expression was significantly associated with large tumor size (P = 0.038) and 
positive lymph node metastasis (LNM) (P = 0.026). In Kaplan-Meier survival curves and log-rank tests, the patients 
with HOXD13-negative breast cancer showed significantly poorer outcomes (69.867 ± 1.058 months) in terms of 
overall survival (OS) than positive-HOXD13-expression patients (76.248 ± 1.069 months) (P = 0.003). And in mul-
tivariate analysis, low level of HOXD13 expression was a significant unfavorable prognostic factor. So we conclude 
that down-regulation of HOXD13 might be a potentially useful prognostic marker for patients with breast cancer.
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Introduction

Breast cancer is one of the most common 
tumors in human and it is responsible for 
approximately 29% of new cancer cases and 
15% of total cancer-related death in the United 
States [1]. Recognizing the genes in charge of 
the onset and evolution of breast cancer and 
identifying their clinical value are crucial to the 
diagnosis and therapy of the disease.

In mammals, such as mice (Hox genes) and 
humans (HOX genes), 39 HOX genes are sepa-
rated into four independent groups, namely, 
HOX A, B, C and D, which are localized at 
7p15.3, 17p21.3, 12q13.3 and 2q31, respec-
tively [2]. HOX genes are crucial for develop-
ment, and any abnormal expression during the 
developmental procedure may lead to dyspla-
sia [3]. Moreover, numerous HOX genes have 
been discovered to be abnormally expressed in 
different forms of cancers, thus indicating that 

HOX genes may serve a function in oncogenesis 
or tumor suppression [4-7].

HOXD13, the mutation of which may be associ-
ated with synpolydactyly [8], is the 13th paralo-
gous member of the HOXD gene family [9]. 
Abnormal HOXD13 expression was observed in 
different tumor forms, such as cutaneous 
malignant melanoma [10] and cervical carcino-
ma [11]. These studies indicated that HOXD13 
may serve a critical function in tumor pro- 
gression.

To investigate the relationship between HOXD- 
13 expression and the clinic-pathological fea-
tures of patients with breast cancer, we used a 
tissue microarray (TMA) which contains 434 
breast cancer samples and their 230 normal 
counterpart tissues. To the best of knowledge, 
this study has the most number of samples 
used to evaluate the HOXD13 expression in 
immunohistochemical staining by TMA. Fur- 
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thermore, this study has significant contribu-
tion to the evaluation of the relationship be- 
tween HOXD13 expression and patient survival 
in breast cancer.

Materials and methods

Patients and tissue specimens

A total of 434 paraffin-embedded samples of 
invasive breast ductal carcinomas and 230 cor-
responding normal breast tissues were obtain- 
ed from the Department of Pathology of the 

Affiliated Tumor Hospital of Harbin Medical 
University. Informed consent was obtained 
from the subjects, and the study was performed 
with the approval of the Ethical Committee of 
Harbin Medical University. The patients had 
complete medical records since 2006. Clinical 
records were obtained from the department 
providing follow-up cares. The patients were all 
female. The median age of the patients was 48 
years (range 28-76 years). Patients were fol-
lowed up for at least 3 months and up to 82 
months (median 74 months). All patients had  
a definite pathological diagnosis, and none 

Figure 1. Immunohistochemical staining of HOXD13 protein in breast tissues. High expression in normal breast 
tissue (200×). High expression in normal breast tissue (400×). Low expression in breast cancer tissue (200×). Low 
expression in breast cancer tissue (400×).
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received any therapy before surgery. Each sam-
ple was routinely tested for estrogen receptor 
(ER), progesterone receptor (PR), human epi-
dermal growth factor receptor 2 (HER2), Ki-67 
and p53 with immunohistochemistry. Immu- 
nohistochemical markers were assayed in par-
affin-embedded, formalin-fixed tissue stained 
with hematoxylin and eosin using antibodies to 

According to the Scarff-Bloom-Richardson sys-
tem, the invasiveness of cancers can be deter-
mined on the basis of the extent of cell mitosis 
frequency, tubule formation, and nuclear pleo-
morphism. Invasiveness in patients was classi-
fied as low grade (grade I), moderate grade 
(grade II) and high grade (grade III). Grades I 
and II were grouped together. The occurrence 

Table 1. Association between HOXD13 expression and clinic-path-
ological features

Variations Samples HOXD13 low 
expression

HOXD13 high 
expression x2 P value

Age 1.600 0.206
    <50 241 208 (86.3%) 33 (13.7%)
    ≥50 193 158 (81.9%) 35 (18.1%)
Grade
    Grade I, II 150 123 (82.0%) 27 (18.0%) 0.943 0.331
    Grade III 284 243 (85.6%) 41 (14.4%)
Tumor size (cm) 4.307 0.038*
    <2 82 63 (76.8%) 19 (23.2%)
    ≥2 352 303 (86.1%) 49 (13.9%)
LNM 4.947 0.026*
    Negative 209 168 (80.4%) 41 (19.6%)
    Positive 220 194 (88.2%) 26 (11.8%)
TNM stage 4.605 0.100
    I 84 66 (78.6%) 18 (21.4%)
    II 208 174 (83.7%) 34 (16.3%)
    III 138 123 (89.1%) 15 (10.9%)
ER 2.786 0.095
    Negative 238 207 (87.0%) 31 (13.0%)
    Positive 196 159 (81.1%) 37 (18.9%)
PR 0.147 0.702
    Negative 176 147 (83.5%) 29 (16.5%)
    Positive 258 219 (84.9%) 39 (15.1%)
HER2 0.079 0.779
    Negative 255 214 (83.9%) 41 (16.1%)
    Positive 179 152 (84.9%) 27 (15.1%)
p53 0.043 0.836
    Negative 212 178 (84.0%) 34 (16%)
    Positive 222 188 (84.7%) 34 (15.3%)
Ki67 1.854 0.173
    Negative 237 205 (86.5%) 32 (13.5%)
    Positive 197 161 (81.7%) 36 (18.3%)
Molecular subtype 0.109 0.991
    Luminal A 165 138 (83.6%) 27 (16.4%)
    Luminal B 120 102 (85.0%) 18 (15.0%)
    HER2 59 50 (84.7%) 9 (15.3%)
    Triple negative 90 76 (84.4%) 14 (15.6%)
*P<0.05.

the proteins ER, PR, Her-2, 
Ki-67 and p53 (Zhong shan-
Bio Co., Beijing, China). 
Samples that had nuclear 
staining for ER or PR in more 
than 1% of the cells were  
considered ER-positive or PR- 
positive, respectively [12]. Po- 
sitive staining for HER2 was 
defined on the basis of the 
percentage of tumor cells and 
the intensity of membrane 
staining. HER2 was scored 
from 0 to 3+ based on the 
method recommended for 
the DakoHercepTest. Tumors 
were recognized as positive 
for HER2 if immunostaining 
was scored as 3+ or when the 
HER-2 fluorescence in situ 
hybridization (GP medical te- 
chnologies Co Ltd. Beijing, 
China) amplification ratio was 
greater than 2.2 [13]. Ki-67 
and p53 staining cells were 
counted and expressed as a 
percentage. Low expression 
was identified as Ki-67<14% 
[14] and p53<25% [15].

Follow-up

The clinical records were ob- 
tained from the departments 
providing follow-up care. Pa- 
tients were followed up regu-
larly for at least 3 months and 
up to 82 months (median 74 
months). Overall survival (OS) 
time was defined as the time 
interval from the date of sur-
gery to the date of death, 
which was the assessment 
used for prognostic analyses.

Tumor phenotype classifica-
tion
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of lymph node metastases (LNM) and tumor 
size (negative: <2 cm; positive: ≥2 cm) were 
also recorded for each patient.

Molecular subtypes of breast cancer were cl- 
assified according to St. Gallen International 
Breast Cancer Conference 2011 criteria [16]: 
Luminal A type: ER and/or PR-positive and 
HER2-negative and Ki-67 low (<14%); Luminal 
B type: (HER2-negative) ER and/or PR positive 
and HER2 negative and Ki-67 high (≥14%); 
(HER2 positive) ER and/or PR positive and 
HER2 overexpressed or amplified and any Ki67; 
HER2 positive type: ER and PR negative and 
HER2-overexpressed or amplified; and Triple- 
negative breast cancer (TNBC) type: ER-, PR-, 
and HER2-negative.

Tissue microarray construction

Using a punch machine, the selected area of 
paraffin block was punched out, and a 3- mm 
tissue core was placed onto a recipient block. 
The selected tissue was then extracted. More 
than two tissue cores were extracted to mini-
mize extraction bias. All breast invasive ductal 
carcinomas and corresponding normal breast 
sample blocks were cut with a microtome to 4 

1:300) solution at 4°C overnight. After washing 
with PBS (3×5 min), each section was incubat-
ed with 300 ml to 500 ml of secondary anti-
body at room temperature for 30min. After 
washing with PBS (3×5 min), each section was 
treated with 300 ml to 500 ml of diaminoben-
zadine (DAB) working solution at room tempera-
ture for 3 min to 10 min, and then washed with 
distilled water.

Evaluation of HOXD13 protein expression

HOXD13 protein expression was assessed by 
evaluating the proportion and intensity of stain-
ing, which was considered as a representation 
of the average in a 400× magnification field. 
Briefly, the proportion of positively stained 
tumor cells in a field was scored as follows: 0: 
none; 1: <10%; 2:10% to 50% and 3: >50%. The 
staining intensity in a field was scored as fol-
lows: 0: no staining; 1: weak staining, appear-
ing as light yellow; 2: moderate staining, app- 
earing as yellowish-brown and 3: strong stain-
ing, appearing as brown. The staining index (SI) 
was calculated as: (averaged staining intensity 
score) × (proportion score). An SI score of 4 (a 
cut-off point) was used to distinguish between 
low (≤4) and high (>4) expression of HOXD13 

μm and arrayed as triplicate. 
Each tissue core was assi- 
gned a unique TMA location 
number linked to a database 
containing other clinic-patho-
logical data.

Immunohistochemistry

The tissue sections were dri- 
ed at 70°C for 3 hours. After 
deparaffinization and hydra-
tion, the tissue sections were 
washed in phosphate-buffer- 
ed saline (PBS; 3×3 min). The 
washed sections were treated 
with 3% H2O2 in the dark for 5 
min to 20 min. After washing 
with distilled water, sections 
were washed with PBS (3×5 
min). Antigen retrieval was 
performed in citrate buffer 
(pH6.0). Each section was 
then treated with 300 ml to 
500 ml of HOXD13 rabbit 
polyclonal antibodies (Abcam, 
Cambridge, MA at a dilution of 

Figure 2. Kaplan-Meier curves for HOXD13 expression in relation with overall 
survival in 434 breast cancers. Patients with low HOXD13 expression had 
a significantly worse prognosis than those with high HOXD13 expression 
(P=0.003, log-rank test).
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[17]. The staining on each sample was scored 
independently by two pathologists without 
knowledge of the clinic-pathological findings.

Statistical analysis

Data were processed using SAS software (ver-
sion 9.1.3; SAS Institute, North Carolina, USA). 
The chi-square test was used to examine any 
differences in categorical variables. Kaplan 
Meier survival curves and log-rank statistics 
were employed to evaluate the association of 
HOXD13 expression and death using OS. The 
influence of different variables on survival was 
assessed using Cox univariate and multivariate 
regression analyses. Hazard ratios and their 
95% confidence intervals (CIs) were recorded 
for each marker. Significance was assumed 
when P<0.05.

Results

Decreased HOXD13 expression is common in 
breast cancer tissue

To evaluate HOXD13 expression levels in breast 
cancer tissues and matched normal breast tis-
sues, breast TMA was utilized. Immunostaining 
with HOXD13 protein specific antibody exhibit-
ed two patterns: nuclear staining and cytoplas-
mic staining. However, according to the prior 
research [18], cytoplasmic staining was disre-
garded in this work. In this study, HOXD13 pro-
tein decreased expression was common in the 
tumor cells (Figure 1). The rate of low- HOXD13- 
expression accounts for approximately 84.3% 
in cancer tissues in this experiment.

Decreased HOXD13 protein expression corre-
lates with large tumor size and positive lymph 
node metastasis

We also analyzed the correlation between 
HOXD13 expression level and various clinic-
pathological characteristics (Table 1). We dis-
covered that decreased HOXD13 expression 
was significantly associated with large tumor 
size (P = 0.038) and positive LNM (P = 0.026). 
In HOXD13 low expression group, the rate of 
large tumor size is more than small tumor size. 
And in HOXD13 low expression group, the ratio 
of positive LNM is larger than negative LNM. 
However, no difference between HOXD13 
expression and other clinic-pathological char-
acteristics was found.

Low HOXD13 expression correlates with poor 
patients’ survival

To study whether HOXD13 expression is asso- 
ciated with 5-year overall survival (OS), we  
utilized Kaplan-Meier survival analysis and  
log-rank test. Kaplan Meier survival curves  
are shown in Figure 2. Among the 434 patients, 
the negative-HOXD13-expression patients sh- 
owed significantly poorer outcomes (69.867± 
1.058 months) in terms of overall survival  
(OS) than positive-HOXD13-expression patients 
(76.248±1.069 months) (P=0.003).

Both univariate and multivariate survival analy-
ses were utilized to assess the relationship  
of HOXD13 expression and clinic-pathological 
features on prognosis. Using Cox regression 
analysis, univariate analyses of OS showed that 

Table 2. Univariate and multivariate Cox regression analysis

Variables
Univariate analysis Multivariate analysis

HR 95% CI P HR 95% CI P
Age (≥50 vs. <50) 1.003 (0.750, 1.342) 0.982
Grade (III vs. II+I) 1.478 (1.068, 2.045) 0.019*
Tumor size (≥2 cm vs. <2 cm) 1.025 (0.700, 1.502) 0.899
LNM (Positive vs. Negative) 2.558 (1.866, 3.508) <0.001*
ER (Positive vs. Negative) 0.575 (0.424, 0.780) <0.001* 0.631 (0.461, 0.864) 0.004*
PR (Positive vs. Negative) 0.599 (0.448, 0.800) 0.001*
Her2 (Positive vs. Negative) 0.943 (0.701, 1.268) 0.696
P53 (Positive vs. Negative) 1.177 (0.881, 1.573) 0.271
Ki-67 (Positive vs. Negative) 1.685 (1.259, 2.255) <0.001* 1.484 (1.099, 2.005) 0.01*
TNM stage (III vs. II+I) 3.535 (2.635, 4.741) <0.001* 3.260 (2.421, 4.389) <0.001*
HOXD13 expression (high vs. low) 0.476 (0.289, 0.784) 0.004* 0.571 (0.345, 0.945) 0.029*
*P<0.05.
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HOXD13 expression (P=0.004), grade (P= 
0.019), LNM (P<0.001), ER (P<0.001), PR 
(P=0.001), Ki67 (P<0.001) and TNM (P<0.001) 
as significant prognostic factors. We discov-
ered no other features had merits of prognosis. 
By use of a Cox regression model, multivariate 
analysis was utilized on the same set of patients 
for HOXD13 expression and for pathological 
factors of survival time. Using multivariate anal-
ysis, we discovered that HOXD13 expression 
(P=0.029), TNM stage (P<0.001), ER status 
(P=0.004) and Ki67 (P=0.01) were indepen-
dent prognostic predictors. Given that HR<1 in 
HOXD13 expression and ER, so low HOXD13 
expression and negative ER showed a higher 
risk of death. When TNM and Ki67 HR>1, high-
er stage and enhanced Ki67 proliferation 
induced a higher risk of death (Table 2).

Discussion

The breast cancer is the most common tumor 
in female [1]. Although much has been studied 
about its molecular pathology and pivotal prog-
ress has been achieved in its prevention as well 
as therapy, it still remains one of the major pub-
lic health problems of the female population. 
New biomarkers of prognosis for breast cancer 
should be detected.

A variety of HOX genes were found to be 
expressed at a lower level in breast cancer tis-
sues than normal breast tissues [19]. Aberrant 
expression of HOXD13 has been reported in 
different tumor types [10, 11, 18, 19]. Low 
HOXD13 expression is common in pancreatic 
tumors and may be a marker of poor prognosis 
[18]. In our study, of the 434 breast cancer 
patients, 366 were HOXD13-negative low 
expression of HOXD13 (accounts for approxi-
mately 84.3%). HOXD13 expression in the 
nucleus of cancer cells is associated with lar- 
ge tumor size (P=0.038) and positive LNM 
(P=0.026). It indicated that HOXD13 expres-
sion may play a role in tumor progression. We 
also found that patients with low levels of 
HOXD13 expression had significantly poorer OS 
rates than patients with high HOXD13 expres-
sion (Figure 2). HOXD13 expression is an inde-
pendent unfavorable survival factor for patients 
with invasive breast cancer.

In our study, we also evaluated the association 
between HOXD13 expression and various clin-
ic-pathological factors. The rate of negative 

HOXD13 in the large tumor group is significant-
ly higher than that in the small tumor group 
(86.1 and 76.8%, respectively) (P=0.038). And 
in HOXD13 low expression, the rate of positive 
LNM is larger than that in negative LNM group. 
So we speculated that low expression of 
HOXD13 may take a role in breast cancer pro-
gression. However, we did not exactly know how 
HOXD13 worked. So in next step, we should do 
mechanism studies in breast cancer.

In conclusion, our study showed that HOXD13 
is associated with large tumor size and positive 
LNM in breast cancer. Low level of HOXD13 pro-
tein correlated with poorer survival in patients 
with breast cancer. Our results suggest that 
HOXD13 may serve as a tumor suppressor 
gene in breast cancer and that HOXD13 may be 
a potential new drug target in breast cancer 
treatment.
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