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Homeobox-containing protein 1 loss is associated
with clinicopathological performance in glioma
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Abstract.Homeobox-containing protein 1 (HMBOX1)isanovel
member of the homeobox family, and abnormal expression of
HMBOXI1 has been observed in several types of carcinoma. A
total of 144 cases of confirmed glioma diagnoses were included
in the present study. Grading was performed according to the
World Health Organization (WHO) grading system for central
nervous system neoplasm. Immunohistochemical staining of
HMBOXI, proliferation marker protein Ki-67 (Ki-67) and
microvessel density (MVD) was performed, and scores were
calculated. HMBOX1 mRNA levels were detected using the
reverse transcription quantitative polymerase chain reaction.
It was identified that the expression of HMBOX1 was reduced
in glioma tissue compared with normal brain tissue (P<0.05).
The expression of HMBOX1 was downregulated significantly
in WHO grade I'V tumors compared with WHO grades II and
IIT (P<0.05). HMBOX1 expression was significantly correlated
with WHO grade, Karnofsky Performance Score, MVD and
Ki-67 expression; however, not associated with age or gender.
Log-rank testing did not demonstrate that HMBOXI1 expres-
sion was associated with prognosis. In conclusion, HMBOX1
may be a potential diagnostic marker in glioma.

Introduction

Homeobox-containing protein 1 (HMBOX1) is a novel
member of the homeobox family and was first identified from
a pancreatic cDNA library in 2006 (1). It is expressed in the
cytoplasm and nucleus of normal human cells, including
cerebrum, pancreas, kidney and liver cells (2). HMBOXI1 acts
as a ubiquitous transcription repressor; it negatively regulates
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natural killer (NK) cell function by suppressing the NKG2-D
type II integral membrane protein/hematopoietic cell signal
transducer signaling pathway (3). In addition, HMBOX1 is a
key factor in the differentiation of bone marrow stromal cells
into vascular endothelial cells (4). Abnormal expression of
HMBOXI1 has been observed in several types of carcinoma,
suggesting that it may be involved in the pathobiology of
tumors. HMBOX1 is more highly expressed in clear-cell carci-
noma originating from the renal tubule; however, expressed at
markedly deceased levels in liver cancer compared with the
adjacent normal tissues (2). At present, the expression and
function of HMBOX1 remains to be investigated in human
glioma.

Glioma is the most common type of malignant tumor in the
central nervous system, with an incidence of 5 cases/100,000
persons worldwide annually (5). Glioma is currently diagnosed
based on histomorphologic criteria and graded between I and
IV, according to the World Health Organization (WHO) clas-
sification system for primary brain tumors (6). The algorithm
of diagnosis and classification helps clinicians to estimate the
prognosis of the natural course of the disease. The median
survival time for patients of grade I/II glioma is between
4.7 and 9.8 years (7). However, the average survival time
remains poor for individuals with grade III/IV glioma (5),
at 12.1 months with concurrent radiation and temozolomide
therapy (8). At present, age and patient performance scale
score (Karnofsky Performance Score; KPS) are regarded as
the overall accepted prognostic factors (9). Current research
efforts are focused on understanding the molecular events of
glioma, in order to identify effective prognostic and predictive
markers, as well as targets for the development of more effec-
tive chemotherapeutic drugs.

Understanding the tumor biology of glioma has diagnostic
importance and provides useful prognostic information. In
the present study, HMBOX1 expression in glioma of differing
WHO grades was investigated, and a correlative analysis
performed of its expression compared with clinical pathologic
factors and the prognosis of glioma patients. It was observed
that HMBOX1 was downregulated in glioma and exhibited
a significant correlation with WHO grade, KPS, microvessel
density (MVD) and proliferation marker protein Ki-67 (Ki-67)
expression, indicating that HMBOX1 may serve an important
role in gliomagenesis.
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Materials and methods

Human samples. The present study was approved by the
Research Ethics Committee of Qilu Hospital, Shandong
University (Jinan, China). Informed consent was obtained
from all patients included in the study. The histological and
clinical diagnoses of the tumors in all these patients were
performed by the Department of Pathology, Qilu Hospital.

A total of 57 new glioma samples were collected from the
neurosurgery department of Qilu Hospital between October
2012 and May 2013 according to the National Regulation of
Clinical Sampling in China (10,11). Tumors were removed with
wide tumor-free resection margins of 1-2 cm. A large amount of
peritumoral tissue/cortex (macroscopically normal-appearing
cortex/white matter adjacent to the mass lesion; however, micro-
scopically containing infiltrating tumor cells in astrocytoma
and glioblastoma cases) was also resected. The adult control
brain samples were collected through surgical resection in nine
trauma patients. One section of the tissue was immediately
fixed in 10% neutral buffered formalin for histological analysis
and the remainder was immediately frozen in liquid nitrogen
for reverse transcription quantitative polymerase chain reaction
(RT-gPCR) analysis, and conserved until use.

Additionally, 17 paraffin-embedded pathological
specimens of glioma were obtained from the archives of the
Department of Pathology, Qilu Hospital, between October 2012
and May 2013. The cases were selected based on the following
criteria: Pathological diagnosis of glioma; primary and cura-
tive resection of tumor without preoperative or postoperative
anticancer treatment; and the availability of resected tissue
and follow-up data.

Glioma tissue microarrays (TMAs) were obtained from
Cybrdi (Xi'an, China). The array dot diameter was 1.5 mm, and
each dot represented a tissue spot from one individual spec-
imen that was selected. All 70 glioma samples (42 females and
28 males, aged between 2 and 72) were verified by pathological
analysis and classified according to the WHO classification
standard. Patient characteristics are displayed in Table 1.

All patients were followed up for 3 years, or until mortality.
Overall survival was calculated from the date of the initial
surgery to the date of mortality. Patients who succumbed to
diseases not directly associated with their glioma, or due to
unexpected events, were excluded from the present study.

Immunohistochemistry (IHC). The IHC experiment was
performed using the strepto-avidin-biotin complex method.
The primary antibodies used were as follows: Rabbit
anti-HMBOXI1 antibody (cat. no. SAB2700278; 1:1,000
Sigma-Aldrich; Merck KGaA, Darmstadt, Germany); rabbit
cluster of differentiation (CD) 34 (BI-3c5; cat. no. sc-19621;
1:100; Santa Cruz Biotechnology, Inc., Dallas, TX, USA);
and mouse Ki-67 (DAKO; cat. no. M7240; 1:150; Agilent
Technologies, Inc., Santa Clara, CA, USA). In the negative
control, the primary antibodies were replaced with PBS.
Tumor-containing sections and TMAs were heated at 60°C
for 30 min, deparaffinized in xylene, and rehydrated in graded
concentrations of ethanol. Heat-induced antigen retrieval
[10 mM citrate buffer (pH 6.0) at 96°C for 15 min in a thermo-
stat-controlled water bath] was used. Endogenous peroxidase
activity was blocked by incubation in 0.3% hydrogen peroxide
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at 37°C for 15 min. Nonspecific binding of primary antibodies
was blocked by normal serum (cat. no. SAP-91000riGene
Technologies, Inc., Beijing, China) from the same species as that
of secondary antibodies at 37°C for 25 min. Immunostaining
involved sequential applications of primary antibody at 4°C
overnight, followed by biotinylated secondary antibodies (cat.
no. SAP-9100; OriGene Technologies, Inc.) at 37°C for 30 min.
Samples were subsequently reacted with diaminobenzidine
and counterstained. Mayer's hematoxylin was used as a nuclear
counterstain, except in Ki-67 immunostaining in which eosin
was used as a cytoplasmic counterstain.

Sections were examined and scored for immunoreactivity
for anti-HMBOX1 antibody. The percentages and intensity of
positive staining in 10 high-power randomly-selected fields
were evaluated by two investigators in a blinded manner. The
percentages of positively stained tumor cells in a field were
scored as follows: 0, none; 1, <10%; 2, 10-50%; and 3, >50%.
The staining intensity in a field was scored as follows: 0, no
staining; 1, weak staining appearing as light yellow in color; 2,
moderate staining appearing as yellowish-brown in color; and
3, strong staining appearing as brown in color. The immunore-
activity product (IRP) of individual sections was calculated as:
Averaged staining intensity score X proportion score. Scores
for Ki-67 were recorded as the number of immunopositive
cells/high-power fields. MVD was counted as the CD34 posi-
tive vessels or clusters of cells/high-power fields. The number
of immunopositive cells or vessels under 5 fields/slide with the
highest counts was counted and the average was recorded.

Immunofluorescence labeling. Glioma cell lines T98G and
U251were obtained from American Type Culture Collection
(Manassas, VA, USA) and conserved in our laboratory
for <2 years. Cells were cultured in Dulbecco's modified
Eagle's medium (DMEM; Hyclone; GE Healthcare Life
Sciences, Logan, UT, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco; Thermo Fisher Scientific, Inc.,
Waltham, MA, USA), penicillin (100 U/ml), and strepto-
mycin (100 pg/ml). NK-92 were obtained from the Institute
of Immunopharmacology and Immunotherapy, School of
Pharmaceutical Sciences (Shandong University) and cultured
in Minimum Essential Medium Alpha (Gibco, Thermo Fisher
Scientific, Inc.) containing 12.5% horse serum (Gibco, Thermo
Fisher Scientific, Inc.), 12.5% FBS (Sijiqing, Hangzhou, China),
100 U/ml recombinant human interleukin-2 (Changsheng,
Changchun, China), and 0.1 mM [-mercaptoethanol. All cells
were maintained at 37°C in a humidified incubator with 5%
CO,. Cells were plated on coverslips (5x10* cells/well) coated
with poly-L-lysine. Cells were fixed in 4% paraformaldehyde
and permeabilized with 0.1% Triton X-100 (cat. no. T8787;
Sigma-Aldrich; Merck KGaA). Subsequently, cells were
incubated with primary antibody: Anti-HMBOX1 (1:1,000)
overnight at 4°C. Tetramethylrhodamine-conjugated anti-rabbit
IgG (cat. no. sc-2492; 1:100; Santa Cruz Biotechnology, Inc.) was
used as the secondary antibody. The cells were incubated with
secondary antibody for 1 h at 37°C. Coverslips were mounted
in 90% glycerol/PBS and analyzed using an Olympus BX61
fluorescence microscope (Olympus Corporation, Tokyo, Japan).

RT-gPCR. The total RNA from the freshly-frozen samples
was extracted using Trizol reagent (Invitrogen; Thermo Fisher
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Table I. Expression of HMBOX1, Ki-67, MVD and other clinicopathological factors in glioma of different WHO classifications.

Tissue Gender (M:F) Mean age (range) Mean MVD (range) Mean Ki-67 (range) Mean HMBOXI1 (range)
Normal 5:4 46.4 (5-71) 26.6 (11.6-45.8) 24(1.7-2.9) 8.1(6-9)
WHO 11 30:28 40.9 (14-65) 29.2 (14.2-46.2) 3324-4.7) 5.3(1-9)
WHO III 23:10 47.8 (9-72) 41.7 (26.2-56.0) 11.8 (9.1-16.6) 6.0 (1-9)
WHO IV 26:27 42.3 (12-71) 48.1 (36.6-64.8) 24.2 (7.2-45.6) 2.8 (0-6)

HMBOX1, homeobox-containing protein 1; Ki-67, proliferation marker protein Ki-67; MVD, microvessel density; WHO, World Health

Organization.

Scientific, Inc.). A total of 500 ng RNA was transcribed into
first strand cDNA using the primescript™ RT reagent kit
(Toyobo, Tokyo, Japan). The qPCR was performed in a total
volume of 20 pl, according to the manufacturer's protocol of
SYBR PremixEx Taq™ (Takara Bio, Inc., Otsu, Japan). The
sequences of primers were: HMBOX1 forward, 5'-GATGAT
GTCGACGGGAATGACTAC-3' and reverse, 5-CTGCTG
CCATTTCCACAGCTAA-3"; and GAPDH forward, 5'-CAA
CAGCGACACCCACTCCT-3' and reverse, 5'-CACCCTGTT
GC-TGTAGCCAAA-3'. The amplification was performed
using a Lightcycler 2.0 instrument (Roche Applied Science,
Penzburg, Germany). Cycling conditions were as follows: An
initial predenaturation at 95°C for 30 sec, followed by 40 cycles
of denaturation at 95°C for 5 sec, annealing at 60°C for 20 sec
and extension at 72°C for 5 min. Gene expression levels of
HMBOXI1 was determined by the mRNA level quantified by
the calibration curve of the standards and normalized to the
level of the reference gene, GAPDH (12).

Statistical analysis. Data are presented as mean + stan-
dard deviation. The comparisons between two groups were
completed using a Mann-Whitney test. The Kruskal-Wallis
test was employed to calculate all grouped P-values (n=3).
Spearman's rank correlation analysis was used in the
analysis of the correlation among HMBOX1 and KPS, WHO
grade, MVD, Ki-67, age and gender. The overall survival
of the different groups of patients was estimated using the
Kaplan-Meier survival curve and analyzed using log-rank
tests. All statistical analyses were performed using SPSS soft-
ware (version 11.0; SPSS, Inc., Chicago, IL, USA). P<0.05 was
considered to indicated a statistically significant difference.

Results

HMBOX]I protein and mRNA expression in human glioma
tissues. IHC staining of HMBOXI1 in paraffin-embedded
glioma tissues and TMAs was performed. In accordance with
previous results (2), HMBOX1 was expressed in the nucleus
and cytoplasm of normal and tumor tissues (Fig. 1). The
expression of HMBOX1 was further validated by immuno-
fluorescence to be localized within the nucleus and cytoplasm
in the human glioma cell lines T98G and U251. The NK cell
line NK-92 was used as a positive control (Fig. 2).

It was observed that HMBOXI1 was expressed in 100%
(9/9) of the normal tissue samples and 92% (132/144) of the
glioma samples, including all collected samples and the TMA.

A moderate or low level of expression of HMBOX1 was
observed in a number of glioma tissues (Table I), whereas the
HMBOXI1 expression was high in the majority of the normal
tissues. The decreased expression of HMBOX1 in glioma was
confirmed by THC using commercially available TMAs, and
was able to differentiate between normal and glioma tissue
(P<0.01; Fig. 3A). In addition, HMBOXI1 expression was
significantly decreased in WHO grade IV compared with
WHO grade II and III glioma (P<0.05; Fig. 3B), which was
confirmed by RT-qPCR (P<0.05; Fig. 3C).

Association of HMBOXI with clinicopathological parameters
of glioma. As the expression of HMBOXI1 was significantly
reduced in glioma, particularly in WHO grade IV, the associa-
tion between HMBOX1 expression and the clinicopathological
features of glioma patients was analyzed. It was demonstrated
that HMBOXI1 demonstrated a significant correlation with
WHO grades (r=-0.8423; P<0.001) and KPS (r=-0.4924;
P<0.001). A significant correlation between HMBOX1 and
MVD expression was identified (r=-0.526; P=0.017), suggesting
that HMBOX1 is involved in blood vessel generation in glioma.
HMBOXI1 expression significantly correlates with Ki-67
(r=-0.479; P=0.044); however, not with age or gender (Table II).

Association of HMBOXI expression with overall survival in
patients with glioma. HMBOX1 expression in high-grade glioma
(WHO grade I'V) was decreased compared with low-level (WHO
grades II and I1T) glioma, and its expression was associated with
WHO grade and KPS suggesting that the expression level of
HMBOX1 may be associated with prognosis or recurrence. The
patients were followed up for 8-36 months; the median follow-up
time was 29 months. However, only 41/74 cases were avail-
able and 26/41 patients (63.4%) had succumbed to the disease.
Kaplan-Meier analysis and log-rank testing was used to assess
the correlation between HMBOX1 expression and the prognosis
of glioma patients. The median survival time of patients with
low HMBOX1 expression [immunoreactive product (IRP) <3]
was 18.7 months; the median survival time of the high expres-
sion group (IRP >3) was 28.3 months. The survival rate of
patients between these two groups was not significantly different
according to the log-rank test (data not shown).

Discussion

To the best of our knowledge, the present study is the first
to investigate the correlation between HMBOXI1 expression
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Figure 1. HMBOX1 expression levels in the normal brain and glioma samples. Immunohistochemical staining of HMBOXI1 in (A) normal brain samples,
(B) WHO grade II glioma, (C) WHO grade III glioma, (D) WHO grade IV glioma (magnification, x200). Scale bar, 25 ym. HMBOX1, homeobox-containing

protein 1; WHO, World Health Organization.

HMBOX1

T9BG

U251

NKg2

Figure 2. Expression of HMBOXI1 is localized in the nucleus and cytoplasm
in the human glioma cell lines T98 and U251, using immunofluorescence.
The natural killer cell line NK-92 was used as a positive control. Cells were
grown on cover glass, fixed, and stained for HMBOXI1 (red) and nucleus
(blue). Magnification, x400. Scale bar, 12.5 ym. (a) HMBOXI1 and (b) merged
staining for T98 cells; (c) HMBOXI1 and (d) merged staining for U251 cells;
and (e) HMBOXI1 and (f) merged staining for NK-92 cells. HMBOXI1,
homeobox-containing protein 1.

and glioma. The present study revealed that HMBOX1 was
widely expressed in the cytoplasm and nuclei of normal brain
and glioma tissues. HMBOX1 expression levels were distinct

between normal brain and glioma tissues. A significant reduc-
tion in HMBOX1 expression was observed in WHO grade IV
compared with WHO grades II and III. HMBOXI1 expression
was significantly correlated with WHO grade, KPS, MVD and
Ki-67 expression; however, not associated with age or gender.

HMBOXI is a ubiquitous transcription repressor in human
tissues (1-3,13,14). Aberrant expression of transcription repres-
sors has been reported in numerous types of tumor, including
leukemia, breast, and prostate cancer (15). Reduced expression
of a repressor may lead to hyper-activation of tumor-promoting
genes (16). HMBOXI1 expression was reduced in glioma
compared with normal brain tissue, which was previously
reported in hepatocellular carcinoma (2). This observation
suggests that HMBOX1 has potential diagnostic value in
distinguishing glioma from normal brain tissues.

The expression level of HMBOXI1 is associated with the
WHO classification. In particular, compared with WHO
grades II and III, the expression of HMBOXI1 was reduced
significantly in WHO grade IV glioma. These results suggest
that HMBOX1 may suppress malignancy and metastasis of
tumor cells.

KPS was designed for cancer patients to measure the level
of patient activity and medical requirements (17) The benefit
of therapeutic interventions has been questioned for patients
with a KPS score <50 (18). KPS has been demonstrated
to be a strong, independent predictor of survival, and a low
KPS score is associated with reduced median survival (19).
The correlation between HMBOXI1 and KPS score indicates
that HMBOX1 may serve an important role in therapeutic
decision-making and prognosis.

Tumor angiogenesis, the formation of new blood vessels
from pre-existing blood vessels, is essential for tumor
growth (20,21). MVD is used to assess the angiogen-
esis in breast, stomach, bladder and prostate cancer, and
brain glioma (22-25). Glioma vessels are structurally and
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Table II. Correlational analysis of HMBOXI1 expression with

MVD, Ki-67, age and gender.
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HMBOX1

Clinicopathological factors r P-value
WHO grade -0.842 <0.001
KPS 0.492 <0.001
MVD -0.536 0.017
Ki-67 -0.286 0.04
Age 0.395 0.077
Gender 0.099 0.256

’ is considered to be significant when P<0.05. HMBOXI,
homeobox-containing protein 1; Ki-67, proliferation marker protein
Ki-67; MVD, microvessel density; KPS, Karnofsky Performance
Score; WHO, World Health Organization.

functionally distinct from normal vessels (26). The endothe-
lial-lined vasculature connects with vasculogenic mimicry
channels, which are non-endothelial, tumor-cell-lined
microvascular channels (27). The present study demonstrates
that HMBOX1 expression and MVD in glioma were signifi-
cantly negatively-associated. HMBOXI1 is regarded as a key
factor in the differentiation of bone marrow stromal cells
into functional vascular endothelial cells (28), therefore the
downregulation of HMBOXI1 may contribute to aberrant
angiogenesis in glioma.

Ki-67 is a proliferative marker and is associated with
poor prognosis in glioma, ependymoma and pituitary
adenoma (29-35). The present study revealed that HMBOX1
expression was significantly negatively-associated with Ki-67
in glioma (P<0.05), implying that HMBOX1 has a negative
role in gliomagenesis.

Although the clinical indicators, including WHO grade
and stage, as well as KPS and age have been demonstrated to
exhibit prognostic ability, few molecular markers are used in
clinical practice for glioma prognosis. Numerous biomarkers
have been identified, including epidermal growth factor
receptor, protein phosphatase and tensin homolog on chromo-
some 10, and O6-methylguanine-DNA methyltransferase,
which were demonstrated to be potentially important prog-
nostic and predictive indicators of glioma (36). The present
study also investigated the potential ability of HMBOXI1 as a
prognostic indicator of glioma. Log-rank testing indicated that
the survival and relapse rates of patients in the high HMBOX1
expression group compared with the low expression group
were not significantly different. However, the mean survival
time of the low expression group was decreased compared with
that of the high expression group. A limitation of the present
study is that only 41/74 cases were able to be followed up. The
prognostic ability of HMBOXI1 requires further research.

In conclusion, HMBOXI1 is differentially expressed in
glioma compared with normal brain tissue. A significant reduc-
tion of HMBOX1 expression was observed in WHO grade IV
glioma compared with WHO grades II and III. HMBOX1
expression and WHO grade, KPS, tumor angiogenesis and
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Figure 3. HMBOX1 is able to distinguish glioma from normal brain tissue.
(A) HMBOX1 immunohistochemistry demonstrates that the expression of
HMBOXI1 in glioma was significantly decreased compared with the normal
brain tissue. (B) Data from the HMBOX1 immunohistochemistry was strati-
fied by WHO grade (II-1V). P-values were calculated using a Kruskal-Wallis
test. (C) Data from HMBOX1 polymerase chain reaction analysis was strati-
fied by WHO grade (II-1V). P-values were calculated using a Kruskal-Wallis
test. "P<0.05; "P<0.01. HMBOXI, homeobox-containing protein 1; IRP,
immunoreactivity product; WHO, World Health Organization.

proliferation are significantly correlated. The expression of
HMBOXI1 is not associated with prognosis. However, the
role and mechanisms of HMBOXI1 in glioma require further
investigation.

The present results are based on a single hospital-based
retrospective study. It should be noted that there may be
unmeasured differences that may distort the results. A
community-based or multicenter prospective study, including
more potential confounds, is required. Based on the above
results, HMBOX1 may be a potential diagnostic marker in
glioma.
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