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Overexpression of HOXA13 as a Potential Marker for Diagnosis
and Poor Prognosis of Hepatocellular Carcinoma
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HOXA13 is a member of homeobox genes that encode transcription factors regulating embryonic
development and cell fate. Abnormal HOXA13 expression was reported in hepatocellular carcinoma (HCC),
but its correlation with tumor angiogenesis and prognosis still remain unclear. This study was aimed to
uncover the expression, diagnostic and prognostic significance of HOXA13 in HCC. Immunohistochemistry
was performed to detect HOXA13 expression in HCC and corresponding paracarcinomatous tissues from
90 patients. Enzyme-linked immunosorbent assay was used to detect serum HOXA13 in 90 HCC patients
and 20 healthy volunteers. Receiver operating characteristics was analyzed to calculate diagnostic
accuracy of serum HOXA13, alpha-fetoprotein (AFP) and their combination. Immunoreactivity of HOXA13
was detected in 72.2% of HCC, and 12.2% of adjacent non-cancerous samples. HOXA13 expression was
significantly associated with tumor size, microvascular invasion, pathological grade, tumor capsula status,
AFP level, tumor-node-metastasis stage and positively correlated with VEGF (p < 0.001) and microvessel
density (p < 0.001). The combination of serum HOXA13 and AFP had a markedly higher area under the
curve than HOXA13 alone. HOXA13 expression was associated with unfavorable overall survival (OS) (p
< 0.001) and disease-free survival (DFS) (p < 0.001). Multivariate analysis indicated that patients with
HOXA13-expressing tumors had a significantly shorter OS (p = 0.030) and DFS (p = 0.005) than those with
HOXA13-negative tumors. Thus, HOXA13 expression possibly plays an important role in tumor
angiogenesis, progression and prognosis of HCC. Moreover, we demonstrate that serum HOXA13 may
serve as a biomarker for early HCC diagnosing and predicting outcome.
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tomography, and tumor biomarkers.

The accuracy of

Introduction

Hepatocellular carcinoma (HCC) has become the fifth
most common malignant tumor and the third leading cause
of cancer-related death worldwide (Ferlay et al. 2010; Jemal
et al. 2011). It is one of the most common malignant
tumors in China. Despite improvements of surgical tech-
niques and early diagnostic methods, HCC remains a major
carcinoma with high mortality because of the high postop-
erative recurrence and metastatic rate (Siegel et al. 2013;
Altekruse et al. 2014). The only chance for long-term,
disease-free survival (DFS) is early diagnosis before symp-
toms develop. It needs to strengthen HCC surveillance in
high-risk patients. Surveillance of HCC should be con-
ducted based on abdominal ultrasonography, computed

abdominal ultrasound is highly dependent on the operator’s
experience, while computed tomography is expensive and
also its feasibility dependents on patients’ compliance.
Traditional biomarkers, such as alpha-fetoprotein (AFP),
have limited clinical value in predicting prognosis and
metastasis (Behne and Copur 2012; Forner and Bruix
2012). Thus, it is essential to identify new specific tumor
biomarkers, especially for early stage tumors.

The HOX genes encode a family of transcription fac-
tors that play key roles in regulating embryonic develop-
ment, cell fate, adult tissue homeostasis and organ function-
ing maintenance (Gehring and Hiromi 1986). The genes
have a common sequence element of 183 bp, which encodes
a conserved homeodomain region consisting of a 61-amino
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acid motif (Lewis 1978). Human HOX genes are 39 genes
organized into four different chromosomal loci termed
HOXA, HOXB, HOXC and HOXD, and each contains 9 to
11 genes aligned in 13 paralogue groups based on sequence
similarity and position in the locus (Acampora et al. 1989;
Scott 1992). Furthermore, increasing evidence indicates
that expression of particular HOX genes is deregulated in a
variety of solid tumors including lung, prostate, breast,
colon, thyroid, ovarian, and liver cancer (De Vita et al.
1993; Cillo 1994; Hamada et al. 2001; Jung et al. 2004;
Makiyama et al. 2005; Kanai et al. 2010; Cillo et al. 2011;
Cantile et al. 2013). HOXA13, a member of paralogue 13
located on chromosome 7, is a determinant of gut primordia
and posterior body structures and controls the lumbo-sacral
region including analia and genitalia (Graham et al. 1989).
HOXA13 thus plays a crucial role in extraembryonic vas-
cularization (Shaut et al. 2008). In normal adult tissue,
HOXAI13 has a tendency for high expression in the hindgut
region, while its expression is absent or extremely low in
anterior areas of the body including liver (Graham et al.
1989; Takahashi et al. 2004). Latest evidence indicates that
HOXA13 is upregulated in HCC and its expression may be
associated with clinical progression of HCC and may be
predictive of disease outcome (Cillo et al. 2011; Quagliata
et al. 2014). However, its correlation with tumor angiogen-
esis, diagnostic value and prognostic significance still
remains unclear. In this study, we further detected the
expression of HOXA13 in tumor tissues from 90 patients
with HCC to evaluate its clinical significance and explore
the relation with clinicopathological parameters and tumor
angiogenesis. In addition, we assessed the potential of
serum HOXAI13 in differentiating HCC patients from
healthy individuals.

Materials and Methods

Patients and tissue samples

This study was approved by the Human Research Ethics
Committee of Anhui Medical University (Hefei, China), and consent
was obtained from each patient. The tumor and paracarcinomatous
specimens were obtained from 90 patients (75 males, 15 females)
with a definitive diagnosis of HCC and underwent curative surgical
resection surgery at the department of Hepatic Surgery, Affiliated
Provincial Hospital of Anhui Medical University between January
2008 and December 2011. HCC diagnosis was verified by pathologi-
cal examination, and none of those patients had received preoperative
adjuvant therapy or suffered from severe postoperative complications,
such as hemorrhage, anastomotic leakage, or hepatic failure. The
clinicopathological data of the patients were retrieved from clinical
and pathology reports including age, gender, number of tumor nodule,
tumor size, tumor capsula, portal invasion, Edmondson grade, status
of hepatitis B surface antigen (HBsAg), liver cirrhosis, Child-Pugh
grade, levels of preoperative serum AFP and tumor stage. The age of
patients ranges from 21 to 74 years (57 + 11 years). Tumor differen-
tiation was defined according to the Edmondson grading system, and
the pathological tumor stage was defined according to the sixth edi-
tion of the tumor-node-metastasis (TNM) classification of Union for
International Cancer Control (UICC). Hepatic function was assessed

by using Child-Pugh classification. The follow up data were avail-
able from all patients. Follow-up was terminated on March 12, 2014.
The mean follow-up was 35 months ranging from 6 to 66 months.
The calculation of DFS time began on the date of surgery and ended
when any of the following events happened: recurrence, metastasis,
or oncological death. The overall survival (OS) was defined as the
interval between the date of surgery and the date of death or the last
observation taken. The data were censored at the last follow-up
period for living patients. For the measurement of serum HOXA13,
we collected peripheral blood samples from 90 HCC patients before
surgery and from 20 age-matched, healthy volunteers as a control.

Immunohistochemical staining for HOXA13, CD34, and vascular
endothelial growth factor (VEGF)

We used immunohistochemistry to detect the expression of
HOXAT13 in 90 HCC tissues and matched adjacent non-cancerous tis-
sues while VEGF and CD34 were just examined in HCC tissues.
Formalin-fixed and paraffin-embedded tissues were cut into serial
sections with a thickness of 4 um. Sections were stained with hema-
toxylin and eosin (HE) for histological examination. Sections were
gradually deparaffinized and rehydrated with xylene and ethanol and
subjected to microwave antigen retrieval in citrate buffer (10 mM, pH
6.0) for 20 min, and then cooled at room temperature. Endogenous
peroxidase activity was blocked with 3% hydrogen peroxide solution
for 10 minutes. Then the sections were separately incubated with
rabbit anti-HOXA13 antibody (bs-12244R, Beijing Biosynthesis
Biotechnology, Beijing, China), mouse anti-VEGF antibody (ZM-
0265, ZSGB-BIO) or mouse anti-CD34 antibody (ZM-0046, ZSGB-
BIO) at 4°C overnight. Following incubation in horse-radish peroxi-
dase (HRP)-conjugated secondary antibody (PV-6000, ZSGB-BIO)
for 20 min, sections were stained in 3,3'-diaminobenzidine tetrahy-
drochloride (DAB) (ZLI-9017, ZSGB-BIO) solution under micro-
scopic observation and then counterstained with hematoxylin, dehy-
drated and mounted. Negative controls were processed with PBS
instead of primary antibody.

The expression levels of HOXA13 and VEGF were assessed by
a semi-quantitative scoring system including the intensity of staining
and the percentage of positive tumor cells. No staining or staining
< 10% of the tumor cells showed focal or weak immunopositivity
was clarified as negative, moderate or patchy immunopositivity in
10-30% of tumor cells as “+”, and strong or diffuse immunopositivity
in > 30% of tumor cells as “++”. Ten fields were selected, and
expression in 1,000 tumor cells was evaluated with high-power (400x)
microscope.

CD34 is an antigen present in vascular endothelial cells; thus,
microvessels were detected by using anti-CD34 antibody. The field
of maximal CD34 expression was found in tumor cells, and five areas
of maximal angiogenesis (hotspot) of each tumor tissue section were
selected on a low-power (100x) microscope, and then the maximum
number of microvessels was counted for each area under high-power
magnification (200%). The average of the number of microvessels in
the five hotspots was recorded as the microvessel density (MVD)
level of the tumor. The immunohistochemical results were evaluated
by two pathologists who were blinded to clinical data.

Measurement of serum HOXA13 levels by enzyme-linked immunosor-
bent assay (ELISA)

A 5 ml venous blood sample was withdrawn from each subject
and centrifuged for 10 min at 4,000 r/min and 4°C. Serum was sub-
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sequently collected and stored at —80°C until testing. Serum
HOXAI13 levels were measured using a commercially available
ELISA kit according to the manufacturer’s instruction (Shanghai
Yuan Ye Biological Technology Co., LTD, 1402589H). Briefly, stan-
dards (50 ul) were added to a standard well, and each serum sample
(10 gl) and sample diluents (40 ul) were added to a testing well. After
adding HRP-conjugate reagent (100 ul) to each well, the plate was
covered with an adhesive strip and incubated for 60 minutes at 37°C.
After incubation, each well was aspirated and washed five times.
Then, chromogen solution A (50 ul) and chromogen solution B (50
ul) were added to each well, and the plate was gently mixed and incu-
bated for 15 minutes at 37°C. The Optical Density (O.D.) at 450 nm

was measured with a microtiter plate reader (Thermo Scientific,
Waltham, MA, USA) after addition of stop solution (100 xl) to each
well. Each assay was performed in triplicate and repeated three
times.

Statistical analysis

All statistical analyses were performed using the statistical
package SPSS 17.0 (SPSS Inc., Chicago, IL, USA). Continuous data
were expressed as mean =+ standard deviation (s.p.). Significant dif-
ferences in the means were determined using the Student’s ¢ test.
Spearman’s rank correlation test was used to analyze the relation
between HOXA13 and VEGF. The chi-square test was used to ana-

Fig. 1. Representative immunohistochemical staining of HOXA13 in hepatocellular carcinoma (HCC) and paracarcinoma-

tous liver tissues.

HOXA13 expression showed mainly diffuse cytoplasmic staining in tumor and paracarcinomatous liver tissues (arrow).
Hepatocytes showed positive HOXA13 expression in paracarcinomatous tissues present different levels of atypical
hyperplasia. Sections were collected from 6 different patients. (A) Negative HOXA13 expression in HCC (x400).
(B) Low HOXA13 expression in HCC (x400). (C) High HOXA13 expression in HCC (x400). (D) Negative HOXA13
expression in paracarcinomatous live tissue (x400). Paracarcinomatous liver tissue retained normal morphology.
(E) Low HOXA13 expression in paracarcinomatous liver tissue (x400). (F) High HOXA13 expression in paracarcino-

matous liver tissue (x400). Bar = 50 um.
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lyze the associations between HOXA 13 expression and clinicopatho-
logical parameters. The Kaplan-Meier method was used for survival
analysis, and the survival differences were assessed by the log-rank
test. Receiver operating characteristics (ROC) curves were generated
to determine the diagnostic performance of serum HOXA13, serum
AFP, and their combination. The Cox regression model was used to
analyze all parameters that were significant in the univariate analysis.
P <0.05 was considered statistically significant.

Results

Immunohistochemical staining for HOXAI3 in HCC and
paracarcinomatous liver tissues

Immunohistochemistry showed that positive HOXA13
expression was mainly localized in the cytoplasm of tumor
cells with varying staining intensity (Fig. 1). The positive
rate of HOXA13 was significantly (p < 0.05) higher in

Table 1. HOXA13 expression status in relation to clinicopathological features in 90 HCC patients.

HOXA 13 immunohistochemical staining

Serum HOXA13 level

Clinicopathologic data

- +~++ P Mean =+ s.D. p

Age (years) 0.208 0.739
<60 16 32 6.20 +3.65
>60 9 33 5.96 +£2.77

Gender 0.916 0.665
Male 21 54 6.17+3.37
Female 4 11 5.78 £2.96

Tumor size (cm) 0.011 0.011
>5 10 45 6.74 £2.98
<5 15 20 4.92+3.52

Tumor nodule number 0.072 0.782
Single 19 36 6.03 £3.45
Multiple 6 29 6.24+2.94

Vascular invasion 0.010 0.003
Present 1 19 7.19+£2.99
Absent 24 46 5.18+3.26

Tumor capsula 0.001 0.014
Present 10 50 7.78 £3.64
Absent 15 15 5.67+3.07

HBsAg status 0.695 0.945
Positive 23 58 6.09 +3.37
Negative 2 7 6.15+£292

TNM stage 0.015 0.018
I-1IT 22 40 5.49 +3.40
1I-1V 3 25 7.19+£2.79

AFP (ng/ml) 0.039 0.052
>20 11 44 6.54 £3.26
<20 14 21 5.06+3.16

Edmondson grade 0.003 0.864
I-11 19 27 6.06+3.19
I-1v 6 38 6.18+3.53

Cirrhosis 0.910 0.749
Present 17 45 6.29 +£2.46
Absent 8 20 6.03 £3.54

Child-Pugh grade 0.310 0.878
A 23 63 5.87+3.31
B 2 2 6.11+£3.30

TNM (tumor-node-metastasis) status is based on primary liver cancer TNM standard 2003 of Union for Inter-
national Cancer Control (UICC). Edmondson grade was short for Edmondson-Steiner grade which was used to
evaluate the histologic grade of the tumor. Hepatic function was assessed by using Child-Pugh classification.

HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein.
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HCC tissues (65/90, 72.2%) than in corresponding paracar-
cinomatous non-cancerous liver tissues (11/90, 12.2%). All
paracarcinomatous non-cancerous tissues were obtained
from the liver at least 3 cm away from the tumor edge.
HOXA13 was expressed in paracarcinomatous tissues of 11
patients, while it was also expressed in HCC tissues. In
addition, HOXA 13-positive paracarcinomatous liver tissues
showed different levels of atypical hyperplasia, suggesting
that up-regulation of HOXA13 may play an important role
in tumorigenesis.

Correlation of tissue HOXA13 expression with clinicopath-
ological parameters

In order to evaluate biological significance of
HOXAI13, we analyzed the associations between tissue
HOXA13 expression and clinicopathological parameters
including age, gender, number of tumor nodule, tumor size,
tumor capsula, portal invasion, Edmondson grade, HBsAg
status, liver cirrhosis, Child-Pugh grade, levels of preopera-
tive serum AFP and tumor TNM stage in HCC. As shown
in Table 1, the expression level of HOXA13 was signifi-
cantly associated with tumor size (p = 0.011), vascular
invasion (p = 0.010), tumor capsula (p = 0.001), TNM
stage (p = 0.015), serum AFP (p = 0.039), and Edmondson
grade (p = 0.003). There was no significant correlation
with age, gender, HBsAg status, cirrhosis, Child-Pugh

grade, and tumor nodule number.

Immunohistochemical expression of VEGF in HCC tissues
and its correlation with HOXA13

Neovascularization is a common phenomenon in solid
tumors including HCC (Zhu et al. 2011). VEGF is one of
the most important proangiogenic factors in angiogenetic
process (Folkman 2002). It can stimulate endothelial cell
proliferation and induce new blood vessels formation. In
the present study, we found that among 90 patients with
HCC, 74.4% (67/90) of them showed high VEGF expres-
sion (Fig. 2). Spearman’s rank correlation test was used to
analyze the relation between HOXA13 and VEGF. Finally,
a significant positive correlation was found between tissue
expression of HOXA13 and VEGF in HCC (r = 0.474, p <
0.001; Table 2). On this result, we can make an assumption
that HOXA13 plays an important role in tumor angiogene-
sis in HCC via VEGF. To confirm this finding, further
investigations will still be required to explore its possible
molecular mechanisms.

Correlation between HOXA13 expression and MVD

MVD in HCC tumor tissues ranged from 0 to 190/200
per field (median, 79/200 x field) (Fig. 3). Tumors with
positive HOXA13 expression had significantly greater
MVD than tumors with negative HOXA 13 expression (93.4

Fig. 2. Representative sections showing high and low cytoplasmic expression of HOXA13 and VEGF in HCC tissues.
The expression of HOXA13 and VEGF in HCC had a significant positive correlation. (A) Low HOXA13 expression
(x400). (B) High HOXA13 expression (x400). (C) Low VEGF expression (x400). (D) High VEGF expression
(x400). Arrows indicate cytoplasmic HOXA13 or VEGF expression in HCC cancer cells. Bar = 50 um. Panels A and
C were representative serial sections from one patient and panels B and D were representative serial sections from

another patient.
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Table 2. Correlation between the expression of HOXA13 and VEGF in 90 HCC cases.

HOXAI13
Immunoreactivity
- +~ 4+ r p value
VEGF 0.474 <0.001
- 15 8
+~ 10 57

VEGF, vascular endothelial growth factor.
r: Pearson contingency coefficient.

SRR
et o
og,ﬁ;gﬂb :

HOXA13-Positive (n =65) HOXA13-Negative (n = 25)

Fig. 3. Immunohistochemical staining of CD34 for microvessel density (MVD) in HCC tissues.
(A) Low expression of CD34 in HCC (x200). (B) Representative high expression of CD34 in HCC (x200). Arrows
showed CD34-positive microvessels. Bar = 50 um. (C) Tumors with HOXA13 expression had a significantly higher
MVD compared to tumors without HOXA 13 expression. Data are expressed as the number of CD34-positive microves-
sels counted under a high-power (x200) microscope (**p < 0.001). The data are shown as mean with standard deviation

(s.p.).

+43.9 vs. 43.1 £ 14.8, p < 0.001; Fig. 3). These findings
further verify the conclusion that HOXA13 may play an
essential role in tumor angiogenesis in HCC.

Relationship between HOXA13 expression and prognosis
Kaplan-Meier survival analysis was used to assess the
relationship between HOXA13 expression and patients’ OS
and DFS (Fig. 4). Patients with HOXA13-positive expres-
sion [28.6 months; 95% confidence interval (CI): 25.5-31.8]
had a shorter OS than HOXA13-negative patients (51.8
months; 95% CI: 45.2-58.3; p < 0.001). Similarly, the DFS
was significantly lower in patients with HOXA 13-positive

expression (16.5 months; 95% CI: 14.3-18.7) than in those
with HOXA13-negative expression (39.2 months; 95% CI:
32.9-45.7; p < 0.001). Univariate analysis indicated that
tumor expression of HOXA13, tumor size, vascular inva-
sion, Edmondson grade, tumor capsula status, serum AFP
and TNM stage had significant prognostic influence on OS
and DFS (Table 3). Multivariate survival analysis (Table 4)
further revealed intra-tumoral HOXA 13 staining as an inde-
pendent poor prognostic marker for OS [hazard ratio (HR)
=2.249; 95% CI: 1.079-4.685; p = 0.030] and DFS (HR =
2.773; 95% CI: 1.358-5.663; p = 0.005). In addition, tumor
size, vascular invasion, tumor capsula status, Edmondson
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Fig. 4. Kaplan-Meier analysis of overall survival (OS) and
disease-free survival (DFS) of patients with HCC.
Kaplan-Meier analysis of OS and DFS of patients with
HCC (n =90) was based on HOXA13 expression as pos-
itive (n = 65) or negative (n = 25). (A) DFS curve of
patients with HCC based on HOXA13 expression. (B)
OS curve of patients with HCC based on HOXA13
expression. The HCC patients with positive HOXA13
expression showed notably poorer DFS and OS rate than
those with negative HOXA 13 expression.

grade and serum AFP were also independent prognostic
factors for OS and DFS. These findings further indicate
that HOXA13 had a tumor-promoting role in HCC and it
was a negative independent predictor of OS and DFS of
patients with HCC.

We also assessed the correlation between HOXA13
expression in paracarcinomatous tissues and prognosis.

Patients with HOXA13 expression in paracarcinomatous
tissues had OS of 26.6 months (95% CI: 21.1-32.1) and
DFS of 16.5 months (95% CI: 11.86-21.2), while patients
without HOXA13 expression had OS of 35.8 months (95%
CIL: 21.1-31.1) and DFS of 23.5 months (95% CI: 19.7-
27.2). There was no significant difference in OS (p =
0.070) and DFS (p = 0.227) between the two groups.

Clinical significance of serum HOXA13 in HCC

The results of ELISA showed that HCC patients had a
significantly higher level of serum HOXA13 than healthy
controls (6.17 £ 2.78 ng/ml vs. 1.44 + 2.10 ng/ml; p <
0.001, Fig. 5A). That indicates HOXA13 may be a poten-
tial diagnostic marker in HCC. Furthermore, as shown in
Table 1, there were significantly higher serum levels of
HOX13 in patients with tumor size (p = 0.011), vascular
invasion (p = 0.003), incomplete capsule (p = 0.014), and
more advanced TNM (p = 0.018). There were no signifi-
cant correlation with age, gender, tumor nodule number,
HBsAg status, serum AFP level, cirrhosis, Child-Pugh
grade, and Edmondson grade. ROC curves were estab-
lished to compare the diagnostic potential of serum
HOXA13 and AFP level in distinguishing HCC patients
from healthy subjects (Fig. 5B). The area under the curve
(AUC) was 0.775 (95% CI: 0.655-0.895) for HOXA13 and
0.822 (95% CI: 0.727-0.917) for AFP. Moreover, the addi-
tion of serum AFP increased the ability of serum HOXA13
to detect HCC with an AUC of 0.878 and 95% CI was
0.790-0.965. These findings indicate that serum HOXA13
had a similar diagnostic accuracy to serum AFP in differen-
tiating HCC from healthy individuals, moreover, the com-
bination of HOXA 13 and AFP had a significant higher AUC
than each of them alone. When used in combination with
other biomarkers, serum HOXA13 may provide additional
diagnostic power in HCC.

Discussion

In this study, we evaluated the expression and clinical
significance of HOXA13 in HCC. Available evidence indi-
cates that HOXA13 plays a prominent role in tumor sur-
vival and progression (Gu et al. 2009; Cillo et al. 2011). In
embryonic development, each HOX gene is expressed in a
spatiotemporal pattern, and thus HOXA13 is expressed spe-
cifically in the cloacal mesoderm and hindgut, but not in
liver (Burke et al. 1995; Roberts et al. 1995; Takahashi et
al. 2004). In our study, we found that HOXA13 was
expressed in 72.2% HCC tissues and 12.2% paracarcinoma-
tous tissues, and all HOXA13-positive paracarcinomatous
tissues had different levels of atypical hyperplasia. We thus
suggest that the up-regulation of HOXA13 may play a cru-
cial role in carcinogenesis of hepatocytes.

In this study, HOXA13 expression is significantly
higher in HCC compared with corresponding paracarcino-
matous tissues, and positive HOXA13 expression was
mainly localized in the cytoplasm of tumor cells. As a tran-
scription factor, immunohistochemical labeling for
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HOXA13 is expected to localize in nuclei of HCC cells, as
previously reported (Knosp et al. 2004; Cillo et al. 2011).
However, Gu et al. (2009) also found cytoplasmic localiza-
tion of HOXA13 in esophageal squamous cell carcinoma
and this phenomenon was also found in many other tran-

T.T. Pan et al.

Table 3. Univariate analysis of factors associated with OS and DFS.

oS DFS
variable
Median survival time (m) P Median survival time (m) p

HOXAI13 <0.001 <0.001
Negative 51.7 36.7
Positive 28.6 15.2

Age (years) 0.690 0.992
<60 36.7 22.3
>60 33.6 23.2

Gender 0.583 0.985
Male 354 233
Female 335 20.2

Tumor size (cm) 0.001 0.001
>5 28.7 18.1
<5 44.5 26.2

Tumor nodule number 0.178 0.144
Single 32.8 20.6
Multiple 40.1 28.1

Vascular invasion <0.001 <0.001
Present 17.6 8.6
Absent 40.1 27.1

Tumor capsula <0.001 <0.001
Present 28.7 16.6
Absent 46.4 334

HBsAg status 0.169 0.147
Positive 35.7 23.6
Negative 27.7 16.2

TNM stage 0.016 0.020
I-11 38.0 253
1I-1v 28.1 16.1

AFP (ng/ml) 0.019 0.023
>20 30.3 18.2
<20 40.1 27.7

Edmondson grade <0.001 <0.001
I-11 353 29.5
1I-1v 25.6 20.0

Cirrhosis 0.424 0.387
Present 33.6 19.8
Absent 36.5 253

Child-Pugh grade 0.625 0.562
A 34.8 22.7
B 30.8 18.5

TNM (tumor-node-metastasis) status is based on primary liver cancer TNM standard 2003 of Union for International
Cancer Control (UICC). Edmondson grade was short for Edmondson-Steiner grade which was used to evaluate the histo-
logic grade of the tumor. Hepatic function was assessed by using Child-Pugh classification. HBsAg, hepatitis B surface
antigen; AFP, alpha-fetoprotein; OS, overall survival; DFS, disease-free survival.

scription factors (Sun et al. 2013). The regulation of tran-
scription factor activity plays an important role in many
biological processes. Mechanisms known to influence tran-
scription factor activity include post-translational modifica-
tion, expression levels, protein stability, and subcellular
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Table 4. Multivariate analysis of factors associated with OS and DFS.

DFS
Variable
HR )4 HR 95% CI P
HOXA13 (low vs. high) 2.249 1.079-4.685 0.030 2.773 1.358-5.663 0.005
Tumor size, cm (<5 vs. > 5) 2.087 1.066-4.088 0.032 2.233 1.055-4.725 0.036
TNM (I-1I vs. III-1V) 3.505 1.895-6.482 <0.001 1.897 1.082-3.323 0.025
Edmondson grade (I-1I vs. III-IV) 1.823 0.965-3.442 0.064 2.264 1.161-4.416 0.016
Tumor capsula (complete vs. none) 2313 1.081-4.946 0.032 2.408 1.130-5.133 0.023
Vascular invasion (present vs. absent) 6.186 2.987-12.811 <0.001 5.140 2.527-10.454 <0.001
AFP (<20 vs. > 20 ng/ml) 2.207 1.161-4.196 0.016 1.524 0.824-2.815 0.179

TNM (tumor-node-metastasis) status is based on primary liver cancer TNM standard 2003 of Union for International Cancer
Control (UICC). Edmondson grade was short for Edmondson-Steiner grade which was used to evaluate the histologic grade of the
tumor. HBsAg, hepatitis B surface antigen; AFP, alpha-fetoprotein; OS, overall survival; DFS, disease-free survival, HR, hazard ratio;

95%CI, 95% confidence interval.
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Fig. 5. Diagnostic potential of serum HOXA13 in HCC.

(A) Measurement of serum HOXA13 levels in 90 HCC
patients before surgery and 20 healthy individuals by
enzyme-linked immunosorbent assay (ELISA). **p <
0.001. (B) Receiver operating characteristic (ROC) curves
for serum HOXA13, serum alpha-fetoprotein (AFP), and
their combination in patients with HCC versus healthy
controls. Combination of HOXA13 and AFP had a signifi-
cant higher area under the curve (AUC) than HOXA13
and AFP alone. The addition of serum HOXA13 increased
the ability of serum AFP to detect HCC.

localization. It is speculated that the cytoplasmic localiza-
tion may be due to a modulation of nuclear localization sig-
nals with nuclear export and interaction with a cytoplasmic
anchoring factor (Ziegelbauer et al. 2001; Haller et al.
2004; Stevens and Mann 2007; Gu et al. 2009).

By analyzing association between HOXA13 expres-
sion in HCC tissues and clinicopathological parameters, we
found that the expression of HOXA13 was significantly
associated with numerous parameters of HCC, including
larger tumor size, portal vein invasion present, advanced
Edmondson grade, incomplete tumor capsula, higher level
of serum AFP and advanced TNM stage. These data indi-
cate that HOXA13 plays an important role in HCC survival
and metastasis.

In tumors, angiogenesis is considered to be one of the
essential factors underlying tumor growth and metastasis.
VEGF is one of the most important proangiogenic factors
in angiogenetic process (Folkman 2002). In the present
study, we found that tumors with positive HOXA13 expres-
sion group expressed higher VEGF and had higher MVD
than those in negative HOXA13 expression group. A sig-
nificant positive correlation was found between tissue
expression of HOXA13 and VEGF in HCC. These findings
suggest that HOXA13 plays an important role in tumor
angiogenesis in HCC via VEGF. However, more research
is needed to confirm and explore the findings.

Serum tumor biomarkers are attractive potential alter-
native tool for surveillance and diagnosis of HCC because
of many advantages including noninvasive, relative objec-
tive, and repeatable. AFP is the most widely used bio-
marker, but it is not specific for HCC. Raised concentra-
tions can also be tested in patients with chronic hepatitis B
virus (HBV) or hepatitis C virus (HCV) infection, preg-
nancy, and some reproductive system diseases. Other pro-
posed tumor biomarkers, such as des-y-carboxyprothrom-
bin, the ratio of glycosylated AFP to total AFP, a-fucosidase,
osteopontin, and glypican3, have also shown similar short-
comings (Forner and Bruix 2012). According to these, it is
essential to identify new biomarkers which can make up
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such limitation. In the present study, we first demonstrated
that serum HOXA13 levels are significantly raised in HCC
patients and had a similar diagnostic accuracy to serum
AFP in differentiating HCC from healthy individuals.
Moreover, the combination of HOXA13 and AFP had a sig-
nificant higher AUC than each of them alone. These find-
ing indicates that serum HOXA13 may be a potential diag-
nostic biomarker for HCC. Nevertheless, there is still a
long way to go before HOXA13 can be accepted as a diag-
nostic tool, or an instrument for screening. Further valida-
tion studies should be done in patients with HBV, HCV
infection and alcohol-related HCC. Patients with other
prevalent liver cancers, such as cholangiocarcinoma, should
be investigated to rule out potential sources of false-positive
results (Kim et al. 2011). Further multicenter research
using larger sample size is needed.

Since the final purpose of these diagnosis and treat-
ment strategies is to improve the survival of patients, it is
urgent to clarify if the promotion of carcinogenesis and
growth from HOXA 13 proteins exerts any effect on the sur-
vival of patients. To investigate this, we confirmed that
HOXA13 was overexpressed in HCC tumor tissues, and
then we used the Kaplan-Meier analysis and log-rank test
for further survival analysis. We found that HCC patients
with HOXA13-expressing tumors had a significantly
shorter OS and DFS than those with HOXA13-negative
expressed tumors. Furthermore, using the COX propor-
tional hazards regression model, we found that high
HOXA13 expression was an independent predictor of poor
prognosis for both OS and DFS in HCC. These findings
further verify HOXA13 was involved in HCC tumorigene-
sis and was a negative independent predictor for OS and
DEFS of patients with HCC.

A major limitation of this study is that it is a single
institute study and the sample size is small. Additionally,
there is a potential selection bias inherent to any retrospec-
tive study. So to confirm these findings, a prospective study
with a larger cohort of patients and further investigations
will still be required to explore its possible molecular
mechanisms.

In conclusion, we found that HOXA13 expression is
significantly higher in HCC tissues compared with corre-
sponding paracarcinomatous tissues. HOXA13 overexpres-
sion may be associated with tumor angiogenesis in HCC
and progression of HCC. HCC patients have significantly
higher levels of serum HOXA 13 than normal controls. And
serum HOXA13, in conjunction with serum AFP, is effec-
tive in differentiating HCC from healthy individuals.
HOXA13-high expression can be used as an independent
predictor of poor prognosis for both OS and DFS of HCC
patients after curative surgery. Because HOXAI13 is
involved in the tumorigenesis of HCC, it may provide a
new aspect for drug development.
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