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Abstract Paired-like homeodomain transcription factor 1
(PITX1) has been implicated as a tumor suppressor in various
cancers. However, the biological and clinical significance of
PITX1 in osteosarcoma has not been fully elucidated. Here,
we studied the expression and clinical significance of PITX1
in 6 normal lower limb bone tissue specimens and 35 osteosar-
coma tissue samples by immunohistochemistry. PITX1 was
expressed in all normal tissues (6/6, 100 %) and in 85.7 %
(30/35) of tumor tissues (P>0.05). In addition, all normal tissue
specimens showed high PITX1 expression (6/6, 100 %) while
only 23.3 % (7/30) osteosarcoma tissue specimens had high
PITX1 expression (P<0.05). Patients with median overall sur-
vival (OS) >12 months had significantly higher PITX1 levels
compared with those whose median OS was less than or equal
to 12 months (P<0.05 or 0.001). Furthermore, patients with
lung metastasis had significantly lower PITX1 levels than pa-
tients without lung metastasis. In conclusion, PITX1 expres-
sion is downregulated in osteosarcoma and correlates with pa-
tient survival and lung metastasis.
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Introduction

Osteosarcoma is derived from primitive mesenchymal cells
and originates from the bone and only rarely from soft tissue.
It is the most frequent primary solid malignancy of the bone,
and if untreated, osteosarcoma runs a dismal course with local
and often metastatic progression. Before the introduction of
chemotherapy, nine in ten patients with osteosarcoma
succumbed to pulmonary metastases [1]. Although osteosar-
coma only accounts for 5-6 % of all childhood tumors, be-
cause of its high propensity to metastasize, osteosarcoma
ranks among the most frequent causes of cancer-related death
[2]. The low prevalence of osteosarcoma and its considerable
heterogeneity make it difficult to obtain meaningful progress
in patient survival. Although the 5-year survival rate may
reach 70 % in patients who have received multimodal therapy,
a significant proportion of them have an unfavorable progno-
sis due to lack of effective treatment options [3]. Therefore, it
is imperative to develop new approaches for accurate diagno-
sis and improved treatment of osteosarcoma.

Paired-like homeodomain transcription factor 1 (PITX1)
was first identified as a bicoid-related transcription factor
and is involved in proopiomelanocortin gene expression [4].
It plays a critical role in specifying hindlimb morphology in
vertebrates and enriches in the hindlimb [5]. Accumulating
evidence has implicated PITX1 as a tumor suppressor in many
parenchymal tumors. However, little is known about the
tumor-inhibitory roles of PITX1 in osteosarcoma. Current
studies show that cancer develops as a result of multiple ge-
netic and epigenetic alterations [6, 7]. The delineation of pa-
tient response to chemotherapy and stratification of metastasis
risk are important for a more precise and effective treatment.
Aberrant expressions of oncogenes and tumor suppressor
genes have been identified in most cancers. Better knowledge
of changes in gene expression that occur in osteosarcoma may
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lead to improvements in diagnosis, treatment, and prevention.
We hypothesized that PITX1 expression in osteosarcoma tis-
sues may be dysregulated and could be of predictive signifi-
cance for patient outcome.

In the current study, we determined PITX1 expression in
osteosarcoma tissues and further investigated the correlation
between PITX1 expression and clinicopathologic variables of
osteosarcoma patients.

Patients and methods
Patient samples

We collected archival formalin-fixed, paraffin-embedded tis-
sues from 35 patients with osteosarcoma at the First Affiliated
Hospital of Shantou University Medical College between Jan-
uary 2001 and December 2013. All patients underwent poten-
tially curative surgery without preoperative chemotherapy or
radiotherapy. Archival formalin-fixed, paraffin-embedded tis-
sues from lower limb normal bone were also obtained from six
subjects.

The study was approved by the ethical review committee of
the Medical College of Shantou University. Patient consent
was not required because of the retrospective nature of the
study.

Immunohistochemistry

An S-P Kit (Gene Tech, Shanghai) was used for immunohis-
tochemical analysis. In brief, paraffin sections (4 um thick)
were deparaffinized in xylene and rehydrated in gradient al-
cohol. Antigen retrieval was performed by microwave treat-
ment in 0.01 mol/L sodium citrate buffer (pH=6.0) for
15 min, cooled to room temperature for 1 h, and then washed
with phosphate-buffered saline (PBS). Endogenous peroxi-
dase activity was inactivated with 0.3 % hydrogen peroxide
for 30 min and non-specifically blocked with 5 % normal goat
serum for 1 h. The sections were then incubated overnight
with rabbit polyclonal PITX1 antibodies (Abcam, Cambridge,
MA, USA) diluted to 1:200 in PBS at 4 °C in a humidified
chamber followed by incubation with biotinylated anti-rabbit
IgG at 37 °C for 30 min. After wash with PBS, the sections
were developed in 0.05 % freshly prepared diamino-benzidine
solution and counterstained with 0.1 % hematoxylin.
Intracytoplasmic and/or intranuclear buffy granular staining
was regarded as positive. Ten visual fields were randomly
selected from each section. Omission of primary antibodies
acted as a negative control. Staining intensity was evaluated
by Image-Pro Plus software version 6.0 and expressed as the
mean integral optical density (IOD). Staining intensity not
above background level, slightly above background level,
and significantly above background level were considered
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negative, weak, and strong expression, respectively. A mean
10D that was 50 % higher than the mean 10D of normal bone
tissue was considered high expression, and 50 % lower than
the mean 10D of normal bone tissue was considered low ex-
pression. Low and high expressions were considered positive.

Statistical analysis

Data were expressed as mean+SD and analyzed using the
SPSS software version 17.0 (SPSS Inc., Chicago, IL). Overall
survival (OS) was calculated from the day of diagnosis to the
last day of follow-up or death. Kaplan-Meier method was
utilized to calculate survival. A correlation between positive
and negative and low and high PITX1 expression and patient
demographic and clinicopathologic variables were analyzed
by Fisher’s exact test, and comparisons for multiple groups
were made using the Student-Newman—Keuls multiple range
test. Individual pair-wise comparisons were made using the
unpaired two-tailed Student’s test. Significance was defined at
<0.05.

Results

Patient demographic and baseline characteristics
Thirty-five patients were eligible for the study, including 18
men and 17 women. Their median age was 20 years (range,

10~50 years). Patient demographic and baseline characteris-
tics are shown in Table 1. Follow-up data was available for 35

Table 1 Patient

characteristics Variables N=35

Age, years, n (%)

<10 0

10-25 28 (80)

>25 7 (20)
Gender, n (%)

Male 18 (51.4)

Female 17 (48.6)
Location, 7 (%)

Left 17 (48.6)

Right 18 (51.4)
Survival, months, 1 (%)

<6 13 (37.1)

6-12 12 (34.3)

12.1-24 7 (20)

24.1-36 3(8.6)
Lung metastasis, 7 (%)

Yes 8(22.9)

No 27(77.1)
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(100 %) patients, and the patients were followed up for medi-
an duration of 9 months (range, 1 to 36 months). Eight
(22.9 %) patients developed metastases, and most (32/35,
91.4 %) patients died during the follow-up period.

PITX1 expression was downregulated in human
osteosarcoma tissues

We determined the expression of PITX1 in the osteosarcoma
tissues and normal bone tissues by immunohistochemistry.
Representative images of PITX1 expression in normal bone
tissue and osteosarcoma tissue samples are shown in Fig. la—
d. Immunohistochemistry for PITX1 showed strong and

Fig. 1 PITXI1 expression is
downregulated in human
osteosarcoma tissues. PITX1
expression in normal bone tissue
(a) and osteosarcoma tissue (b—d)
samples was examined by
immunohistochemistry. a Strong
positive PITX1 expression, b
negative PITX1 expression, ¢
weak positive PITX1 expression,
d strong positive PITX1
expression; x400. e The mean
intensity of PITX1 expression in
osteosarcoma tissue sample is
significantly lower than that of
normal bone tissue. ***P<0.001
vs. normal tissue

0.154

0.104

IOD/AREA

constant membranous and cytoplasmic staining in posi-
tive cases (Fig. la—d). The mean IOD of PITX1 in
normal bone tissues was 0.15+0.01 and significantly
higher than that of osteosarcoma tissues (0.05+0.01)
(P<0.001) (Fig. le). Furthermore, PITX1 was expressed
in all normal tissues (6/6, 100 %) and in 85.7 % (30/
35) of tumor tissues (P<0.05) (Table 2). In addition, all
normal tissue specimens showed high PITX1 expression
(6/6, 100 %) while only 23.3 % (7/30) osteosarcoma
tissue specimens had high PITX1 expression (P<0.05).
These findings indicate that PITX1 expression was
markedly downregulated in human osteosarcoma tissues
compared with normal bone tissues.

*kk
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Table2 Comparison of the expression of PITX1 in normal bone tissue
and osteosarcoma tissue

Table3  Correlation of PITX1 expression and patient clinicopathologic
variables

Normal bone tissue Osteosarcoma tissue Variables 10D/area P values
N 6 35 Age, years
PITX1 expression, n (%) <10
No 0(0) 5(14.3) 10-25 0.04708+0.007821
Yes 6 (100) 30 (85.73)* >25 0.04674+0.01115 P>0.05
Low 0(0) 23 (76.7) Gender
High 6 (100) 7 (23.3)** Male 0.05038+0.01088
Female 0.04345+0.007376 P>0.05
*P>0.05; **P<0.05 vs. normal bone tissue Location
Left 0.03993+0.007387
Right 0.05370+0.01069 P>0.05
Correlation of PITX1 expression and patient Survival, months
clinicopathologic variables <6 0.02384+0.005444 a
6-12 0.03768+0.006690 b
We then investigated whether PITX1 expression corre- 12.1-24 0.06607+0.006173 c
lated with patient demographic and clinicopathologic pa-  24.1-36 0.1403+0.02108 d
rameters. PITX1 expression did not differ significantly  Lung metastasis
by age, gender, or location (P>0.05). The patients were Yes 0.01084+0.004792
categorized into four groups by survival, those whose No 0.05567+0.007258 P<0.01

survival was <6 months (median 3 months) (rn=13),
between 6 and 12 months (median 8.6 months) (n=
12), between 12.1 and 24 months (median 16.7 months)
(n=7), and between 24.1 and 36 months (median
35.3 months) (n=3). We found that patients with medi-
an OS >12 months had significantly higher PITX1
levels compared with those whose median OS was less
than or equal to 12 months (P<0.05 or 0.001)
(Table 3). Furthermore, to investigate whether the lack
of expression of PITXI in osteosarcoma is associated
with metastasis of lung cancer, we compared expression
of PITX1 in osteosarcoma tissues between patients with
lung metastasis (#=8) and without lung metastasis (n=
27). We found that patients with lung metastasis had
significantly lower PITX1 levels than patients without
lung metastasis (**P<0.01) (Fig. 2). Patients with low
PITX1 expression exhibited four times higher risk of
developing lung metastasis compared with those with
high PITX1 expression (HR=4.08, 95 % CI 1.50-11.0;
P=0.006). The Kaplan—-Meier (KM) method is used to
analyze ‘time-to-event’ data, which is shown in Fig. 3a
(median, 9 months; range, 1 to 36 months). Further-
more, patients with high PITX1 expression had signifi-
cantly longer OS (median, 20 months; range, 10 to
36 months) than patients with low PITX1 expression
(median, 6.5 months; range, 1 to 22 months) (P<0.05)
(Fig. 3b). Patients with high PITX1 expression were
more likely to survive longer (~16.6 months) and have
reduced (~18.5 %) death risk compared with patients
with low PITX1 expression (HR=0.185, 95 % CI
0.060-0.567; P=0.003) (Table 4).
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a stands for group <6 months, b stands for group 612 months, ¢ stands
for group 12.1-24 months, d stands for group 24.1-36 months

P>0.05, a vs. b; P<0.001, a vs. ¢; P<0.001, a vs. d; P<0.001, b vs. d|
P<0.001,cvs. d

Discussion

Osteosarcoma is a rare but highly malignant tumor that orig-
inates from bone mesenchymal cells [8]. The 5-year survival
rate of osteosarcoma patients has risen from about 20 % before
chemotherapy was introduced to 65-70 % currently [9]. How-
ever, the previous two decades have seen no further improve-
ments in terms of survival of almost one quarter of patients
with clinically detectable metastatic disease at the time of

0.08

*%

0.06

0.04

IOD/AREA

o
%
o

.\Q‘Q eo
Fig. 2 Patients with lung metastasis have significantly lower PITX1
levels than patients without lung metastasis. The mean intensity of
PITX1 expression in osteosarcoma tissues of patients with lung

metastasis (Yes, n=8) is significantly lower than that without lung
metastasis (No, n=27). **P<0.01 vs. Yes
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Fig. 3 Patients with high PITX1 d

expression have longer survival. a
The Kaplan-Meier survival curve
of all osteosarcoma patients (n=
35). b The Kaplan-Meier survival
curve of osteosarcoma patients 08
stratified by low and high PITX1
expressions. Patients with high
PITX1 expression are more likely
to survive longer (~16.6 months)
and have reduced (~18.5 %) death
risk compared with patients with
low PITX1 expression (HR=
0.185, 95 % CI 0.060—-0.567; P=
0.003)
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initial diagnosis, hovering around 20-30 % [10]. Approxi-
mately half of the bone tumor patients eventually succumb
to the disease.

Despite progress in the treatment of osteosarcoma, the
prognosis of osteosarcoma patients remains poor, which in-
spires us to look for new therapeutic strategy. Recently, some
translational studies in osteosarcoma have identified new mo-
lecular targets [11, 12]. These promote us to focus on address-
ing more novel targets that may be used in future clinical trials
such as finding a reliable biomarker that can be used for
targeting strategies or early diagnosis, to perform molecular
profiling in order to identify recurrent genetic changes, or

Survival Time (Months)

even to answer the basic question which cell type is the cause
of osteosarcoma [13, 14]. The identification of novel bio-
markers is important for better risk mitigation and treatment
stratification of osteosarcoma patients. However, molecular
analysis of surgical specimens is hampered by the fact that
most resected specimens have experienced neoadjuvant che-
motherapy and are thus not treatment naive. The current study
investigated archival surgical specimens from a rare cohort of
treatment-naive osteosarcoma patients and demonstrated that
PITX1 expression was downregulated in osteosarcoma tissues
and low PITX1 levels were associated with a poor survival
outcome of osteosarcoma patients.

@ Springer



7740

Tumor Biol. (2015) 36:7735-7741

Table 4  Relationship between the expression of PITX1 in osteosarcoma and patient clinicopathologic variables

Variables Low PITX1 expression High PITX1 expression P value
Age, years, n (%)
<10 0(0) 0 (0) 0 (0)
10-25 23 (65.71) 5(14.29)
>25 5(14.29) 2(5.71) 0.4317 (>0.05)
Gender, n (%)

Male 14 (40) 4 (11.43)

Female 14 (40) 3(8.57) 0.7751 (>0.05)
Location, n (%)

Left 14 (40) 3(8.57)

Right 14 (40) 4(11.43) 0.5344 (>0.05)
Survival, months, n (%)

<6 13 (37.14) 0(0)
6-12 11 (31.43) 1 (2.86)
12.1-24 4(11.43) 3(8.57)
24.1-36 0(0) 3 (8.57) 0.0001063 (<0.001)
Lung metastasis, n (%)

Yes 8 (22.86) 0 (0)

No 20 (57.14) 7 (20) 0.1321 (>0.05)

Numerous studies have shown that PITX1 is critical to
vertebrate hindlimb development and an important morpho-
logical determinant of muscle, tendon, and bones of the
hindlimb [15]. On the other hand, PTX1 is a tumor-
suppressor gene in multiple human cancer types. In Barrett’s
esophagus, PITX1 expression is downregulated, which is sig-
nificantly accentuated during progression to Barrett’s associ-
ated adenocarcinoma [16]. Suppression of PITX1 expression
is also observed in lung, gastric, and colon cancer cells
as well as tumor tissues of the prostate and bladder
[17-21]. In addition, Qi et al. demonstrated that PITX1
is a negative regulator of telomerase by repressing the
TERT promoter transcriptionally [22]. These findings
provide evidence that dysfunctions of the PITXI gene
play an important role in the development of various
types of human cancers.

Despite a complete search that included all publications on
PITX1, there is no clear link between the expression patterns
and functions of PITX1 and osteosarcoma. To investigate the
effect of PITX1 in cases of human osteosarcoma, we studied
the expression of PITX1 in lower limb normal bone tissues
and cancer tissue samples from 35 osteosarcoma patients by
immunohistochemistry. Consistently, our results provide the
first piece of evidence PITX1 expression was dysregulated in
osteosarcoma. More importantly, PITX1 expression was sig-
nificantly associated with the OS and lung metastasis of oste-
osarcoma patients. Since homeobox genes are known to reg-
ulate key cellular processes and be associated with differenti-
ation and carcinogenesis, we speculate that downregulation of
PITX1 may be a frequent molecular event in carcinogenesis of
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the bone. PITX1 may have a tumor suppressive function in
osteosarcoma development and progression and serve as a
potential biomarker for diagnosis and a therapeutic target for
osteosarcoma.

We found no objective data linking expression of PITX1
with carcinogenesis of osteosarcoma. The relatively small
number of patient samples included in this analysis may have
contributed to lack of statistical significance for clinicopatho-
logic variables except survival and lung metastasis. However,
to the best of our knowledge, this is the first study to reveal
that PITX1 expression was downregulated in osteosarcoma
and inversely correlated with lung metastasis and OS. The
mechanism(s) of modulating PITX1 expression in hu-
man osteosarcoma is still unknown. Further studies will
be required to elucidate transcriptional regulation and
biological functions of PITX1 in human osteosarcoma.
The further identification of the cell type of osteosarco-
ma might help to clarify the molecular mechanisms of
PITX1 expression. The predictive significance of PITX1
as a novel biomarker needs to be further examined in
future studies involving a larger patient population. The-
se will provide a basis for personalized medicine and
molecular diagnosis using PITX1 as a biomarker.

In summary, the present study demonstrates that PITX1
expression is downregulated in osteosarcoma and correlates
with patient survival and lung metastasis. PITX1 can be fur-
ther explored as a new diagnostic biomarker and therapeutic
target in osteosarcoma.
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