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Abstract Homeobox C8 (HOXC8) has been implicated in
cell growth, migration, and metastasis of various cancers, yet
its role in osteosarcoma remains to be explored. In the present
study, resected osteosarcoma specimens from 50 patients were
enrolled to evaluate the expression of HOXC8 protein by im-
munohistochemistry (IHC). In vitro and in vivo assays were
used to determine the effect of HOXC8 on cell growth, mi-
gration, and tumor growth. HOXC8 expression was observed
in 31 (62.0 %) of the 50 primary tumors and significantly
associated with poorly or un-differentiated specimens
(P = 0.031) and larger tumor size (P = 0.049). Survival anal-
ysis demonstrated that HOXC8 is a candidate predictive factor
in predicting patients’ outcome and chemotherapeutic effect.

HOXC8 knockdown led to inhibition of tumor cell prolifera-
tion and migration in vitro by inhibiting MMP-9 expression
and tumor growth in vivo. Our results strongly suggest that
HOXC8 is involved in the tumorigenesis of osteosarcoma and
might serve as a novel predictor for patients’ outcome.
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Introduction

Osteosarcoma (OS) is a highly aggressive bone tumor with a
poor outcome in populations of children and young adoles-
cents [1, 2]. The risk factors for OS involved certain rare and
inherited syndromes, such as Li–Fraumeni syndrome, Bloom
syndrome, hereditary retinoblastoma, and Werner syndrome
[3]. The most effective methods for patients with OS are cu-
rative resection of the primary tumor with standard chemo-
therapy administered before and after surgery [4]. For those
diagnosed at early stage, patients with OS might achieve a 5-
year survival duration of 60–70 %. However, the median sur-
vival time reduced to about 20 months when the disease re-
curred or metastasized [5, 6]. Meanwhile, constitutive and
acquired resistance to cytotoxic chemotherapy is always a
common event [7]. Therefore, a deeper understanding of the
underlying mechanism of tumor biology will help us in iden-
tifying promising diagnostic and prognostic biomarkers and/
or therapeutic targets for patients with OS.

Homeobox C8 (HOXC8) belongs to the 39-member HOX
family, which plays an important role in morphogenesis in all
multicellular organisms [8]. HOXC8 is one of the several ho-
meobox HOXC genes located in a cluster on chromosome 12
and plays a role in the regulation of cartilage differentiation [9].
Recent evidences focused the role of HOXC8 in the
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tumorigenesis of various cancer types [10–15]. HOXC8 was
elevated in breast cancer, esophageal squamous cell carcinoma,
hepatocellular carcinoma, etc. In breast tumor cell lines,
HOXC8 is responsible for breast cancer cell growth, migration,
and metastasis [12, 16]. However, the expression pattern of
HOXC8 in OS is not well studied. It is of our interest to detect
HOXC8 expression profiles in OS and to investigate its possi-
ble role for a tumorigenic event. In the present study, we re-
vealed evaluated expression of HOXC8 in OS and determined
the clinical value of HOXC8 in predicting patients’ outcome.
Moreover, functional validation confirmed the pro-oncogenic
role of HOXC8 on cell growth and invasiveness in vitro and
in vivo.

Materials and methods

Cell culture and tissue samples

The osteosarcoma cell U2OS was purchased from the Cell
Center of Chinese Academy of Sciences, Shanghai, China.
U2OS was cultured in DMEM (Gibco, USA) with 10 % fetal
bovine serum (Invitrogen Corp, Grand Island, NY) and grown
in a 37 °C humidified atmosphere containing 5 % CO2.

The clinical samples for immunohistochemistry (IHC)
were obtained from the Department of Pathology,
Changzheng Hospital, Shanghai, China. Fifty patients with
osteosarcoma between 2004 and 2008 were enrolled in this
study. Detailed information was listed in Table 1. Forty-one
patients received 2 or 4 cycles of preoperative chemotherapy
(MTX-DDP-ADM). All these patients were available for
follow-up by telephone or through Center for Disease
Control and Prevention, China. The median follow-up for
these patients was 22 months (range, 1–51 months). The
Institutional Review Board of Changzheng Hospital approved
the use of the tissues and clinical information. An informed
consent was obtained from each patient or their guardians.

Immunohistochemistry and evaluation of the results

Four-micrometer-thick sections were prepared and performed
for anti-HOXC8 (H55, Santa Cruz Biotechnology; dilution,
1:100) staining as described previously. An S-p (streptavidin-
biotin) kit (#KIT-9720, MAIXIN, Fuzhou, China) was used to
visualize the status of antibody binding to the tissues.
Hematoxylin was used to counterstain the nucleus. The pri-
mary antibody was replaced by PBS as negative control.

Two pathologists evaluated the HOXC8 staining indepen-
dently under an Olympus CX31 microscope (Olympus,
Center Valley, PA) blinded to the clinical information. The
mean percentage of positive tumor cells was ranged from 0
to 100 %. The staining intensity was defined as follows: neg-
ative, 0; weak, 1; moderate, 2; and intense, 3. At last, a

weighted score (% × intensity of staining) was generated for
each case ranging from 0 (0 × 0) to 3 (100 % × 3) [17].

Transfection of plasmids and cell proliferation assay

The HOXC8-short hairpin RNA (shRNA) plasmids were pur-
chased from GECEM biotechnology, Shanghai, China. 1 × 105

U2OS cells were seeded in six-well plates and transfected with
5 ng HOXC8-shRNA and vector plasmids per well using
Lipofectamine™ 2000 reagent (Invitrogen, Karlsruhe,
Germany) according to the manufacturer’s instructions. Sixteen
hours after transfection, cells were digested and 5000 cells per
well were seeded in 96-well plates. At 24 h and 48 h, CCK8
assay (Dojindo Kumamoto, Japan) was performed to measure
the absorbance. Relative cell viability was calculated according
to the ratio between HOXC8-shRNA group and control group.

Transwell assay

Tumor cells transfected with HOXC8-shRNA or empty vector
were collected and re-suspended in serum-freemedia at a density
of 1 × 105 cells/ml. Two hundred microliter cell suspension was
placed into the top chamber of the transwell, and 0.5 ml DMEM
with 5%FBS was placed into the lower chamber. Sixteen hours

Table 1 Assoc ia t ion be tween HOXC8 express ion and
clinicopathological variables of osteosarcoma

Variables N HOXC8 high
expression

χ2 P value

Tumor sizea

>8 cm 28 21 3.871 0.049

≤8 cm 21 10

Location

Thighbone 14 9 1.458 NS

Tibia 27 18

Other 9 4

Differentiation

Well/moderate 36 19 4.641 0.031

Poorly/un-differentiated 14 12

Gender

Male 34 18 3.701 0.054

Female 16 13

TNM

I/II 43 27 2.821 NS

III 7 4

Age

<18 39 24 1.563 NS

≥18 11 7

a The detailed tumor size of one case was not available

NS not significant
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after incubation, the filterswere taken out, rinsedwith PBS, fixed
with methanol, and stained with 0.5 % crystal violet reagent for
15 min. Only migrated cells on the lower side of the filter were
calculated under an Olympus CX31 microscope.

Western blot analysis

Whole-cell lysates (P0013B, Beyotime, Shanghai, China)
were collected and prepared from HOXC8-siRNA or empty
vector transfected cells. The lysates were resolved by SDS/
PAGE and transferred electrophoretically to PVDFmembrane
(Bio-Rad Lab., Hercules, CA, USA). The membranes were
probed with anti-HOXC8 (H55, Santa Cruz Biotechnology;
dilution, 1:1000), which were detected using an enhanced
chemiluminescence (ECL) kit (Santa Cruz, CA, USA).

Animal models

Subcutaneous tumor xenograft models were used to assess the
inhibitory effect of HOXC8 knockdown. Generally, HOXC8
knockdown and control tumor cells was digested and suspended
in PBS (1 × 106 cells in 0.1 mL PBS). Then these cells were
injected subcutaneously into the right flank of 4-week-old male
Balb/c nude mice, respectively (n = 5). At 15 days, all animals
were sacrificed and the tumors collected. Tumor volume (mm3)
was calculated as V = 0.52 (length × width × depth). All animal
experiments were approved by the Animal Ethics Committee of
the Second Military Medical University.

Statistical analysis

Statistical analysis was performed using the SPSS 16.0 statis-
tical software program for Microsoft Windows. χ2 statistics
tests were used for the analysis of correlation between
HOXC8 expression and clinicopathological variables. The
Kaplan–Meier method was used to estimate survival rates of
OS patients. The significance of the in vitro or in vivo results
was determined by using the Student t test (two tailed). A two-
sided P < 0.05 was defined as statistically significant.

Results

HOXC8 expression in patients with osteosarcoma

Firstly, we detected HOXC8 expression in a panel of 50 oste-
osarcoma specimens and matched non-cancerous tissues
using IHC. HOXC8 was preferentially cytoplasmic localized.
The non-cancerous tissues were negatively for HOXC8 stain-
ing (Fig. 1a). However, HOXC8 was upregulated in tumor
cells analyzed by Student t test (t = 5.705, P < 0.001)
(Fig. 1b–f). Overexpression of HOXC8 expression was ob-
served in 62.0 % (31/50) OS samples.

Association between HOXC8 expression
and clinicopathologic characteristics of osteosarcoma

Next, we analyzed the correlation between HOXC8 expression
and clinicopathological variables of osteosarcoma. Table 1 re-
vealed no significant relationship between HOXC8 expression
and gender, age, tumor location, and disease stage. However,
HOXC8 overexpression was significantly associated with tu-
mor size and tissue differentiation. HOXC8 was more often
expressed in larger tumors (75.0 %) than in smaller ones
(47.6 %, P = 0.049) (Table 1). Meanwhile, high-/moderate-
differentiated tumor cells had lower expression level of
HOXC8 than poor-/un-differentiated tumors (52.8 vs. 85.7 %,
P = 0.031) (Fig.2a, b). Even in the same samples, HOXC8 was
preferentially localized in poorly differentiated area (Fig.2c–e).

Relationship ofHOXC8 expressionwith patients’ outcome
in osteosarcoma

We then analyzed the factors associated with overall survival
in this cohort of 50 patients with OS. Among those clinico-
pathological variables, only TNM was related with patients’
outcome (36 months for I/II stage vs. 22 months for III stage;

N
o
r
m
a
l

T
u
m
o
r

0

1

2

3

A B

C D

E F

Scores of H
O

X
C

8 staining

Fig. 1 Analysis of HOXC8 expression in human osteosarcoma and non-
cancerous tissues. aNormal tissues showed negative staining of HOXC8.
b Negative staining of HOXC8 in cancer cells. c Weak staining of
HOXC8 in cancer cells. d Moderate staining of HOXC8 in cancer cells.
e Strong staining of HOXC8 in cancer cells. fGraphical representation of
the intensity of HOXC8 staining in tumor (T) and normal (N) tissues.
Original magnification 200×
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χ2 = 9.211, P = 0.002). Patients with HOXC8-positive stain-
ing tumors had a shorter median survival duration than those
with HOXC8-negative staining tumors (14 months vs.
36 months; χ2 = 5.744, P = 0.017) (Fig.3).

Twenty-three of the 41 patients who received preoperative
chemotherapy showed positive staining of HOXC8. In the 23
cases, 14 cases showed sharply reduced expression of
HOXC8 in the resected tumor specimens after chemotherapy

than that in biopsy specimens before chemotherapy (t = 3.135,
P = 0.0057). However, the other nine cases did not. Survival
analysis revealed that the 14 cases had a longer survival dura-
tion that the other nine cases (26 months vs. 9 months;
χ2 = 6.950, P = 0.008) (Fig.4).

Silencing HOXC8 inhibits proliferation and migration
of U20S cells

The functional significance of U2OS cells was further
investigated by silencing HOXC8 using HOXC8-
shRNA. Silencing HOXC8 led to reduced cell viability
and the cellular trans-migration ability of U2OS cells
compared with controls (Fig. 5a–c). In addition,
HOXC8 knockdown significantly reduced tumor growth
as compared with the control groups (Fig. 5d). We also
observed that the level of MMP9 was reduced when
HOXC8 was silenced (Fig.5a).

Discussion

In the present study, we provided the first evidences that
HOXC8 was elevated in osteosarcoma and its overexpression
is significant associated with (1) poor-/un-differentiation of
tumor cells, (2) tumor size, (3) drug resistance, and (4) shorter
overall survival durations than those without HOXC8 expres-
sion. Moreover, silencing HOXC8 in cancer cells inhibited
cell proliferation and migration in vitro and tumor growth
in vivo by downregulating the level of MMP-9 protein. The
above findings strongly suggest that HOXC8 plays a crucial
role in osteosarcoma development and progression.

Numerous genomic and molecular alterations contributed
to the development and progression of OS [6]. These include
gene mutations, amplifications and deletions, overexpression,
and activation, which induced cell proliferation and tumor
growth, drug resistance, and disease progression [18]. The
alteration of certain molecules or pathways (including
PTEN, PI3K/Akt, CXCR4, and MMP9) has been proved to
be responsible for the development of OS [19, 20]. In addition
to these well-studied biomarkers, we here introduced a rela-
tively novel biomarker, HOXC8. The key role of HOXC8 in
tumor has been implicated by the fact that HOXC8 is dysreg-
ulated in various tumors including cervical, prostate, and
breast cancer [12, 21, 22]. In the present study, HOXC8 was
highly expressed in tumor cells but none in non-cancerous
tissues. The high level of HOXC8 expression is significantly
associated with poorly differentiated status. There is a tenden-
cy that HOXC8 expression is associated with larger tumor
size. In line with previous reports, these findings confirmed
the pro-oncogenic role of HOXC8 in tumorigenesis.

Pilot studies have tried to explore biomarkers for OS. No
traditional markers were suitable for OS. It seems that only
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Fig. 2 Expression of HOXC8 in different differentiated tumors. aWeak
staining of HOXC8 in well-differentiated cancer cells. b Strong staining
of HOXC8 in poorly differentiated cancer cells. c Heterogeneity of
HOXC8 expression in the same specimen. d Positive staining of
HOXC8 in poorly differentiated area from c specimen. e Negative
staining of HOXC8 in moderate-differentiated area from c specimen.
Original magnification for a, b, c 100×. Original magnification for d, e
200 ×
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P=0.017

Fig. 3 Kaplan–Meier curves of overall survival in patients with
osteosarcoma according to the expression of HOXC8
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Fig. 5 The effect of HOXC8
knockdown on the proliferation
and migration ability of OS cells
in vitro and in vivo. a Western
blot analysis showing the protein
level of HOXC8 and MMP-9 in
U2OS cells 48 h after
transfection. b The rate of
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distant metastasis and histologic response to adjuvant chemo-
therapy (i.e., the extent of necrosis) are the widely accepted
predictors of patients’ outcome. Recently, researchers have
tried to introduce biomarkers into the survival model of OS.
Numerous biomarkers (including HER2, CD44V6, MMP9,
STAT3, etc.) have been found to be potential biomarkers for
predicting survival of OS and even chemotherapy response
[20, 23, 24]. In the present study, we further analyzed whether
aberrant expression of HOXC8 was associated with survival
and chemotherapy response of OS. Evidently, high expression
of HOXC8 was associated with poor survival of OS.
Moreover, those patients with significantly decreased expres-
sion of HOXC8 after chemotherapy had a better survival than
those with not significant changes of HOXC8 expression after
chemotherapy compared with before chemotherapy. The
above results are in line with the previous study in hepatocel-
lular carcinoma indicated that HOXC8 might serve as a novel
predictor for chemotherapeutic effect and overall survival for
patient with OS [11]. However, this study only enrolled a
relative small cohort and the Cox regression model is unable
to be carried out. A larger cohort needs to prove the predictive
and prognostic value of HOXC8 in OS.

Given the elevated expression of HOXC8 in OS, we spec-
ulated that HOXC8 might impact OS tumorigenesis.
Evidently, silencing HOXC8 impaired the ability of cell pro-
liferation and migration of OS cells in vitro. Similarly, the
ability of tumor growth was also inhibited by HOXC8 knock-
down. These results were supported by a pilot study in breast
cancer that HOXC8 could facilitate breast cancer cell migra-
tion by regulating the expression of genes essential for cell
adhesion, migration, and tumorigenesis [12, 16].
Mechanistically, in OS cells, knockdown of expression of
HOXC8 decreased the expression of MMP9, a molecule po-
tentially related to tumor invasion [20]. The above results
supported a crucial role for HOXC8 in tumor development
and progression.

In summary, we confirmed HOXC8 as a novel predictive
factor in human osteosarcoma, frequently upregulated in tu-
mor cells. Increased expression of HOXC8 is a potential pre-
dictor for chemotherapeutic response and overall survival.
Our findings further demonstrate silencing HOXC8 sup-
presses tumor cell proliferation, invasion, and tumor growth,
suggesting a novel mechanism underlying the progression of
osteosarcoma.
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