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Abstract. - OBJECTIVE: Osteosarcoma is the
most frequent metastatic bone tumor in the current
era. An effective novel marker is essential atthe cur-
rent scenario for the identification of the tumor and
totreattheminthe early stage of osteosarcoma.

PATIENTS AND METHODS: In the present
study, patients having metastatic and non-meta-
static osteosarcoma samples were collected from
the 23 patients along with the control. Microarray
analysis was performed on both samples. The re-
sults were validated using Western blot analysis.

RESULTS: Microarray analysis confirms the
up-regulation of NKD2 gene in the progression of
osteosarcomadevelopment. Theresults wereval-
idated using western blot analysis. Microarray in
accordance with Western blot analysis helps to
validate the expression of NKD2 in the progres-
sion of osteosarcoma development.

CONCLUSIONS: In short, NKD2 is the key mo-
lecular marker to study the progression of osteo-
sarcoma development, and it may be used for bet-
ter prognosis of the disease in early stage.
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Introduction

Spreading of cancerous cells is a complex
process commonly called as metastasis. Osteo-
sarcoma is the most common aggressive form of
bone tumor occurs in children and young adults,
at the same time in adults with age group greater
than 50 years'. It was reported that the following
organs, namely distal femoral, femur and proxi-
mal tibial metaphyses, are the major sites of os-
teosarcoma’®. Osteosarcoma takes place due to
abnormal osteoid production and differentiation
along with genomic instability. The progression
of osteosarcoma is associated with numerous
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genes with diverse genomic alterations®. In earli-
er days, surgical resection therapy is practiced in
osteosarcoma patient. It leads to poor prognosis
and after that prominent chemotherapy was de-
veloped in the 1980s, which increases the survival
rate of osteosarcoma patients from 50 to 80%*°.
But there is no significant progress in therapeutic
upgrading as well as in prognosis improvement in
patients suffering from osteosarcoma®. Especially
the patients with a metastatic form of osteosarco-
ma are having only 10-30% longer survival rates’
and other exhibits less response. To improve the
patient outcome for survival, a new therapeutic
target is necessary to put forward to investigate
the anti-metastatic activity.

Besides of many reasons like deletion, trans-
location, amplification and other mutations that
contribute to tumor development®, epigenetic
changes can also one reason for the development
of many cancers including osteosarcoma’''. Os-
teosarcoma metastasis prognosis is not well-
known studied'>". Tt is essential to identify those
candidate genes beyond the osteosarcoma metas-
tasis process, which should be utilized as a mo-
lecular marker for early detection of metastatic
osteosarcoma.

Patients and Methods

Patients

Tissue samples were collected from the pa-
tients having a metastatic and non-metastatic
form of osteosarcoma, through proper approval
and consent letter from the patients. The com-
plete information about the patients, including the
age and sex, were shown in Table I. Immediately
after the collection of samples, it was kept in the
liquid nitrogen and stored at —80°C until RNA ex-
traction.
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Table I. Complete information of sampling from osteosarcoma patients.

SL.No Patient ID Tumor site Sample collection Age of patients Patients sex
Osteosarcoma samples from patients not having metastasis

1 ONMO0002 Tibia Biopsy 14 Female

2 ONMO0053 Femur « 19 Female

3 ONMO0060 Distal femur «“ 20 Male

4. ONMO0074 Distal femur “ 14 Female

5. ONMO0081 Femur « 21 Female

6 ONMO0085 Tibia «“ 22 Male

7 ONMOO0113 Femur “ 21 Male

8 ONMO0O0118 Distal femur « 22 Male

9. ONMO00120 Tibia «“ 11 Female
10. ONMO00126 Distal femur “ 19 Male
11. ONMO00132 Femur « 21 Male
12. ONMO00137 Tibia «“ 22 Female
Osteosarcoma samples from patients having metastasis
13. OSMO0019a Distal femur «“ 17 Female
14. OSMO0028a Distal femur “ 14 Male
15. OSMO0030a Distal femur « 17 Male
16. OSMO0035a Tibia «“ 10 Male
17. OSMO0047a Distal femur “ 22 Female
18. OSMO0048a Femur « 22 Female
19. OSM0059a Distal femur « 16 Female
20. OSMO0062a Distal femur “ 14 Male
21. OSM0096a Tibia « 17 Male
22. OSMO00107a Distal femur « 15 Female
23. OSMO00148a Distal femur “ 22 Female

RNA Extraction

Total RNA was extracted from samples along
with control samples using TRIzol reagent method
(Invitrogen, Carlsbad, CA, USA) as per the man-
ufacturer’s instruction. RNA concentrations and
quality were determined by NanoDrop (ND-1000
spectrophotometer from Thermo Fisher, Montch-
anin, DE, USA), and the integrity of the same was
analyzed by agarose gel electrophoresis. The iso-
lated RNA was used for further experiments.

Microarray Analysis

The mRNA transcripts and its expression were
studied by cDNA microarray. The GeneChip Hu-
man Genome U133 Plus 2.0 array (Affymetrix
from Santa Clara, CA, USA) was used to analyze
the expression profiling of mRNA from osteosar-
coma with and without metastasis samples. Bioti-
nylated cRNA was synthesized from Poly A tailed
mRNA by using the 3’ IVT Express kit (Affy-
metrix from Santa Clara, CA, USA) according to
the manufacturer’s instructions, and the complete
protocol has been got from the article of Iwasa-
ki et al'. After fragmentation, 12.5 pug of cRNA
were hybridized to the GeneChip array for 16 h. It
was washed with buffer and stained accordingly
using the GeneChip Fluidics Station 450 (Affy-
metrix from Santa Clara, CA, USA) and, then,
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the results were scanned using GeneChip Scanner
3000 (Affymetrix from Santa Clara, CA, USA).
The complete protocol for the microarray has
been got from the article of Iwasaki et al'.

Western Blot Analysis

The cell lysate was prepared from the normal
tissue as well as the metastatic and non-meta-
static form of osteosarcoma tissues. The proteins
are isolated and resolved in 10% SDS-PAGE gel.
They are then transferred to the membrane and
incubated with primary antibody (anti-Nkd2
antibody from Sigma-Aldrich, St. Louis, MO,
USA) for overnight at 4°C. For loading controls,
anti-B-actin and anti-transferrin antibodies from
Abcam). The nonspecific binding of primary an-
tibody is washed out and further incubated with
the suitable secondary antibody (anti--actin and
anti-transferrin antibodies from Abcam, Cam-
bridge, UK). Later the signals are visualized with
DAB kit.

Statistical Analysis

Basic statistical analysis such as average, mean
and percentage were calculated using Microsoft
Office Excel 2007 (Microsoft Corp., Redmond,
WA, USA). Statistics were applied in tumor sam-
ples analysis by counting the tumor cells.’
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Table Il. Important transcripts expressed in osteosarcoma
samples from patients affected by metastasis.

SL. No

NKD2
TGF-B
Osteopontin
MAPK
Runx2
CLICS

P53

B 4 integrin
Ezrin

10. NSE2

11. Smad

12. RANKL
13. IL-8
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Results

A Sample Collected from the Patients
with Osteosarcoma

Osteosarcoma is the most common cancer, at
present accurate prognosis of metastasis stage of
osteosarcoma is the essential need for effective
treatment of the disease before spreading. Mo-
lecular markers are not characterized well for the
prognosis of metastasis stage of osteosarcoma.
Identification of osteosarcoma metastasis genes
will provide a way to design new markers for the
initial identification of metastasis during the early
stage of osteosarcoma. Keeping with this in mind,
the research work was planned to enumerate the
genes responsible for metastasis of osteosarcoma.
A biopsy was performed and the tissue samples
were collected from the patients, which was sum-
marized in the Table I. All the tumor samples
were analyzed and confirmed to have >90% tu-
mor cells, by a histological pathologist.

Microarray Analysis

To identify the molecular markers responsible
for metastasis of osteosarcoma, the samples from
the patients having the osteosarcoma at the stage
of metastasis and without metastasis groups were
subjected to RNA extraction followed by microar-
ray. Samples were hybridized to the GeneChip ar-
ray for 16 h, respectively. Many upregulations and
downregulation of transcripts were noted, the one
which is upregulated was listed in Table 11 along
with its function. Also, based on the significance
of preliminary microarray data (Figure 1) and in-
terest, NKD2 gene was chosen and focused for
further studies to confirm it as a molecular mark-
er for detection of a metastatic form of osteosar-
coma in initial stages.

Western Blot Analysis

To confirm the results and to validate the mi-
croarray data, a Western blot was performed.
Based upon the interest and significance of pre-
liminary microarray data (Figure 1), NKD2 gene
was focused for further studies to confirm it as
a molecular marker for detection of a metastatic
form of osteosarcoma in initial stages. The tis-
sue samples were subjected to Western blot with
anti-NKD2 (from Sigma-Aldrich, St. Louis, MO,
USA) and anti-f actin (from Cambridge, UK)
antibodies. Similar experiments were performed
from control tissues. The data of Western blotting
were shown in Figure 2, which illustrates that the
expression of NKD2 was observed in the samples
from patients having metastatic osteosarcoma.
Rather, NKD2 show restricted expression in the
samples from patients having without metastatic
osteosarcoma. Similar results were observed for
all the samples.

To check the expression profile of NKD2 in
the blood samples of patients with and without
metastatic osteosarcoma, protein lysate was pre-
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Figure 1. Microarray analysis. The osteosarco-
ma with metastasis samples was hybridized with
the human gene chip. The upregulated expression
of NKD2 transcripts was shown in the box. Lane
1 — Control, rest all are samples from osteosarco-
ma with metastasis.
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Figure 2. Western blot analysis. A. NKD2 and
B-actin expression of osteosarcoma patient sam-
ples (with and without metastasis) along with
control. Osteosarcoma with metastasis samples
were loaded in lane 1-2; whereas lane 3-4 were
loaded with osteosarcoma without metastasis pa-
tient’s samples; lane 5 is the control. B. Similarly,
Western blot analysis was performed on serum
samples of osteosarcoma along with the control.
Lane 1-2 — Osteosarcoma serum samples from
patients having metastasis; Lane 3-4 indicates os-
teosarcoma serum samples from patients without
metastasis; lane 5 is the control.

pared from serum samples followed by Western
blot analysis with the control samples. The data
were shown in Figure 3; they illustrate that the
limited expression of NKD2 was identified in se-
rum samples of metastatic osteosarcoma patients.
Rather, NKD2 were not observed in the serum
samples of other groups and the control samples.

Discussion

The mouse model with osteosarcoma has the
ability to resemble histologically with human
cancer, and that greatly helps to understand their
disease biology. Using a mouse model for human
disease is not good for studying certain kinds of
diseases, as the osteosarcoma. A range of new de-
velopments was enumerated for the patients strug-
gling with osteosarcoma, but the detection of the
osteosarcoma and its metastasis in early stages is
not well-known understand'*"*. For characteriza-
tion and identification of the patients having the
osteosarcoma at the initial stage of metastasis for
the successful treatment, it is essential to identi-
fy the genes behind osteosarcoma metastasis. In
the present study, Microarray along with Western
blot was used to identify the patients affected by
the osteosarcoma at the stage of metastasis and its
responsible genes. These research findings high-
light the essential milestones on the identification
of osteosarcoma metastasis genes.

The data of microarray show that expression
of following transcripts in the samples of patients
having the osteosarcoma at the stage of metasta-
sis, which was tabulated in Table II. In order to
confirm the preliminary data of microarray, West-
ern blot was performed and the data were shown
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in Figure 2A. The data confirm that the NKD2
is specific of osteosarcoma, expressed during the
stage of metastasis.

To continue the study, blood samples were col-
lected from osteosarcoma with and without me-
tastasis patients along with controls and serum
were prepared followed by immunoblot analysis.
The data in Figure 2B shows that the detection of
NKD2 was observed in the samples of patients
having the osteosarcoma at the stage of metastasis,
which confirms that it is specific to osteosarcoma,
expressed during the stage of metastasis. In addi-
tion, partial or restricted expression of NKD2 was
noted in a patient sample containing osteosarcoma
without having the stage of metastasis. The reason
may be due the patients are looking near forward to
metastasis stage of osteosarcoma. The data suggest
that the presence of NKD2 could be employed for
prognosis of osteosarcoma at the stage of metas-
tasis.

Many proteins have been expressed during os-
teosarcoma metastasis, as Ezrin, which is a mem-
brane-binding N-terminal FERM domain'*-'¢ that
has an important function not only in osteosar-
coma metastasis, but also in the pancreatic and
mammary adenocarcinomas'’"’. Notably in the
current study the expression of NKD2 was noted
in the serum samples of osteosarcoma with me-
tastasis patients and restricted expression in os-
teosarcoma without metastasis patients illustrates
that it could be employed as a molecular marker.
Further studies are important to develop NKD2
as a new molecular marker to detect the metasta-
sis of osteosarcoma in initial stages.

Similarly, integrins are heterodimers consist
of a and B subunits, which regulates metastasis,
cell adhesion, survival, angiogenesis, oncogene-
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sis, signaling, migration and proliferation*?*. In
addition to the reports, it was also identified that
implication of B4 integrin is involved in various
cancer progression®2°, Of note, our data from
Figures 2 and 3 confirm that the NKD2 expres-
sion in patients sample affected by the osteosar-
coma at the stage of metastasis, which mean that
NKD?2 is a transcript responsible specifically for
osteosarcoma metastasis. Conversely, restricted
expression of NKD2 was detected in the patient
samples of osteosarcoma but not at the stage of
metastasis. The reason may be due to the patients
who are looking near forward to the metastatic
stage of osteosarcoma. With this importance, it
could be engaged as a molecular marker. Addi-
tional characterization is important to generate
NKD?2 as a new marker for the identification of
the osteosarcoma at the early stage of metastasis.

Conclusions

The present study concludes that the transcripts
namely NKD2 were expressed strongly in patients
having the osteosarcoma at the stage of metastasis.
In accordance with the microarray experiments
along with Western blotting, it was validated and
confirmed that the NK D2 is specific to osteosarco-
ma, expressed during the stage of metastasis. Also,
to expand NK D2 as a novel marker, further charac-
terization is important for the identification of the
osteosarcoma metastasis in early stages.
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