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Objective : To comparatively investigate the expression of several integrins in specimens of human bone metastases and degenerative bone tissue.
Methods : Degenerative cancellous tissue was obtained from a sample of human degenerative spine. Thirteen human specimens were obtained from
metastatic spine tumors, whose primary cancer was colon cancer (n=3), hepatocellular cancer (n=3), lung cancer (n=4), and breast cancer (n=3).
The expression of vimentin and integrins av, g1, and B3 was assessed in metastatic and degenerative specimens by immunohistochemistry and real-
time reverse transcription-polymerase chain reaction (QRT-PCR).

Results : Immunohistochemical staining showed that vimentin and integrin av was broadly expressed in all tissues examined. By contrast, integrin
1 was weakly expressed only in 38.4% (5/13) of tissues. Integrin B3 was consistently negative in all cases examined. gRT-PCR analysis showed that
vimentin gene expression was higher in all metastatic specimens, as compared to degenerative bone. The gene expression of integrin av in breast
specimen was significantly higher than others (p=0.045). The gene expression of integrin 81 was also higher in all metastatic specimens than in
degenerative bone tissue. The gene expression of integrin 3 was variable.

Conclusion : Spinal metastatic tumors have mesenchymal characteristics such as increased expression of vimentin. The increased expression of
integrin av and B1 in spine metastatic tumors suggests that adhesive molecules such as integrin may have implications for the prevention of spine
metastasis.
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INTRODUCTION

Cancer is the leading cause of death with most deaths related
to bone metastasis®”. Bone metastases cause pain, pathological
fractures, compression of the spinal cord, and life-threatening
imbalances in minerals including hypercalcemia'”. Because of
the devastating effects of metastases, attention has shifted from
the pathogenesis of primary tumors to the less-understood pro-
cess of metastasis”. The metastatic process of primary tumors
involves several sequential steps : dissemination, survival in tran-
sit, bone migration and engagement, metastasis formation by
disseminated tumor cells, and establishment of distant macro-
metastases”'™”. The emergence of primary cancer involves can-
cer stem cells and genetic or epigenetic alterations™, By acquir-

ing properties of the epithelial-mesenchymal transition (EMT),
cells from the malignant primary tumors disseminate to distant
organs and become invasive”'?. Vimentin, an intermediate fila-
ment protein, is considered a marker for EMT””. Besides, the
increased expression of vimentin appears to be a precondition
to EMT induction”. Several factors including blood flow, growth
factors, and adhesive molecules account for the predilection of
some malignant tumors for bone®>*”.

Malignant tumor cells also produce adhesive molecules, in-
cluding integrin family members, which allow tumor cells to bind
bone marrow stromal cells*'”. The integrin family members
are involved in the signaling pathways for adhesion, migration,
and cell survival'”. Studies have identified several integrins, in-

cluding av, a6, B1, and B3, in skeletal metastasis of cancers orig-
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inating from epithelial cells such as breast and prostate can-
cers"**". However, the expression of integrins in human metastatic
spine cancer has not been reported. The present study was de-
signed to investigate the upregulation of vimentin in metastatic
specimens and the potential clinical implications of integrins av,
B1, and B3 expression in human metastatic spine tumors of dif-
ferent primary cancer origin using immunohistochemistry and
real-time reverse transcription-polymerase chain reaction (QRT-
PCR).

MATERIALS AND METHODS

Patient selection

Thirteen human spinal metastatic specimens obtained from
13 consecutive patients with spine metastasis and 1 degenerative
bone specimen of 1 patient with degenerative spine disease were
selected from a tissue bank in our neurosurgical department.
All human tissues were obtained from patients who signed a
consent form allowing the collection of their tissues obtained
during spine surgery in liquid nitrogen and subsequent research
use. The Institutional Review Board in our hospital approved the
tissue banking of specimens and their use in the present study
(H1111-050-386).

The primary cancers represented by the 13 specimens were
colon cancer (n=3), hepatocellular cancer (n=3), lung cancer
(n=4), and breast cancer (n=3) (Table 1).

A non-metastatic bone tissue sample was obtained from the
lamina of 1 patient with degenerative spine disease. Because of
the limited number of trabecular tissue of degenerative bone
available in the tissue bank, only 1 specimen obtained in degen-
erative spine was used as control. Metastatic tissue samples were
obtained from the spine metastasis area during decompressive
spine surgery.

Immunohistochemistry staining

Vimentin expression was assessed in the metastatic specimens
in order to evaluate the malignant characteristics related to
EMT. Among the adhesive molecules of the integrin family, in-
tegrin av, B1, and B3 were selected based on the results of previ-
ous studies™”. Because the control tissue was trabecular bone
and metastasis tissue was obtained from soft areas in spinal me-
tastasis area, all specimens were not decalcified. Tissue speci-
mens (trabecular bone and metastasis tissue) were stored in lig-
uid nitrogen immediately after harvesting. Frozen tissue slides
were prepared by cutting 10 um sections with a cryo-microtome
(LEICA CM1850, Leica Biosystems, Nussloch, Germany) and
mounting on slides. The slides were air dried for 30 min, fixed
in cold acetone at room temperature for 5 min, removed from
the acetone, and air dried again. The slides were rinsed for 5 min
in tap water, incubated for 30 min in 0.3% H,O, and 2% Triton
X-100, washed in phosphate-buffered saline (PBS), incubated
for 20 min in normal blocking serum, and then incubated with
diluted primary antibody overnight in a cold room. The following

antibodies and dilutions were used : anti-vimentin antibody (1 :
100, mouse monoclonal, Abcam, Cambrideg, UK); anti-integ-
rin 33 antibody (1 : 100, mouse monoclonal, Novus Biologicals);
anti-integrin av antibody (1 : 500, rabbit polyclonal, Abcam);
and anti-integrin p1 antibody (1 : 250, rabbit monoclonal, Ab-
cam, Cambridge, UK). After incubation in the primary antibody,
the slides were washed in PBS and incubated for 30 min with
the secondary antibody (Vector, CA, USA). Vector Immpress
Reagent kit anti-mouse IgG (MP7402) and anti-rabbit IgG
(MP7401) were used as the secondary antibodies. The slides
were washed in PBS, the tissue sections were stained for visual-
ization with diaminobenzidine (Vector, USA), and coverslips
were mounted with HistoChoice Mounting Media (Amresco,
OH, USA).

Analysis of gene expression by real-time RT-PCR

The comparative expression of vimentin and integrins av, 1,
and 3 between metastatic and degenerative specimens were
assessed by immunohistochemistry and qRT-PCR. The PCR
primer and probe sets for vimentin, glyceraldehyde-3-phos-
phate dehydrogenase (GAPDH), and integrins av, f1, and {3
were obtained from Life technologies (Applied Biosystems, Life
Technologies, Carlsbad, CA, USA). Trabecular bone and me-
tastasis tissue were stored in liquid nitrogen until RNA extrac-
tion. All specimens were treated alike. RNA was extracted from
the metastatic and degenerative bone specimens with the QIA-
GEN RNeasy mini kit (Qiagen, LA, USA). For cDNA synthesis,
1 ug of RNA was reverse transcribed using random hexamer
primers (Invitrogen, Life Technologies, CA, USA) and Impron
IT reverse transcriptase (Invitrogen, Life Technologies, CA,
USA). The samples were analyzed using an Applied Biosystems
SDS 7500 system with a master mix containing 6.25 pL water,
1.25 pL. probe (2.5 M), and 12.5 pL TagMan PCR 2x Master
Mix. Fifty nanograms of reverse-transcribed total RNA in 5 uL
was added as the PCR template in 96-well optical plates, and
the results were analyzed on the Prism 7500 Sequence Detec-
tion System (PerkinElmer Applied Biosystems, Lincoln, CA,
USA). The following PCR conditions were used. After initial
activation of uracil-N-glycosylase at 50°C for 2 min, AmpliTaq
Gold was activated at 95°C for 10 min. This was followed by 45
cycles of denaturation at 95°C for 15 s and annealing, and ex-
tension at 60°C for 1 min per cycle. The expression levels of the
target genes were normalized to the internal control human
GAPDH (FAM/MGB Probe, Primer Limited, Life Technologies,
CA, USA), and fold changes were expressed relative to the data
obtained at day 1.

Statistical analysis

The results were presented as meantstandard deviation. To
identify significant differences between groups in mRNA expres-
sion of vimentin, integrin av, p1, and 3, one-way analysis of
variance and post hoc analysis were used. A p-value<0.05 was
considered significant.
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Table 1. Demographic data of 13 cases
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Primary site Aol il fatiog Number .Of metastasis Number of extraspinal ra;‘;ﬁgg;i;e::z;ﬁ;w
of cancer in the spine (>3,2,1)  bone metastases (>3, 2, 1) in spine (Y or N)
Liver 1 59/M  Hepatocellular carcinoma 2 1 Y
Liver 2 53/M  Hepatocellular carcinoma 2 0 N
Liver 3 54/M  Hepatocellular carcinoma >3 0 No trial
Colon 1 57/M  Adenocarcinoma >3 1 Y
Colon 2 26/F Adenocarcinoma >3 0 N
Colon 3 51/M  Neuroendocrine neoplasm >3 0 Y
Lung 1 56/F Non-small cell carcinoma >3 0 N
Lung 2 47/F Adenocarcinoma >3 1 Y
Lung 3 49/M  Adenocarcinoma 2 0 N
Lung 4 72/F Adenocarcinoma >3 1 N
Breast 1 56/F Infiltrating ductal carcinoma >3 0 No trial
Breast 2 36/F Infiltrating ductal carcinoma 2 0 N
Breast 3 59/F Infiltrating ductal carcinoma >3 1 N
RESULTS with breast carcinoma were significantly higher than others (p=

Demographic data of enrolled patients

The mean age of enrolled patients was 51.9+11.28 years. The
ratio of male and female was 6 : 7. Five patients had extraspinal
bone metastasis including pelvis and femur. Eleven patients un-
derwent adjuvant radiotherapy or radiosurgery (Table 1).

Immunohistochemistry (Fig. 1)

Vimentin protein expression was used as a representative mes-
enchymal marker. Vimentin stained intensely in all samples ob-
tained from metastatic spine tumors (Fig. 1B, C, D). Vimentin
staining appeared predominantly in spindle cells and focally in
epithelioid cells. Integrins are usually localized at the cell mem-
brane of epithelial cells. Tumor cells expressed integrin av in all
cases (Fig. 1E G, H). The integrin av showed mostly cell mem-
brane expression in epitheloid cells of all tumor tissue. However,
integrin 1 expression was present weakly only in 38.4% (5/13)
tissues (Fig. 1], K, L); and integrin 3 was consistently negative
in all cases examined (Fig. 1N, O, P).

Analysis of gene expression by real-time RT-PCR
Vimentin gene expression was used as a representative EMT
marker. Vimentin gene expression was higher in all metastatic
specimens than in degenerative bone (Table 2, Fig. 2). The mean
value of vimentin expression in metastatic specimens was
5418+8814. This result suggested that all metastatic specimens
exhibited mesenchymal characteristics and would therefore be
good candidates for comparative evaluation of integrin expres-
sion in degenerative bone. The mean values for integrins av, 1,
and B3 were 13+12.4, 3311+3952.4, and 5.0%6.0, respectively.
All metastatic specimens had higher expression levels of integ-
rins av and B1, as compared with those of degenerative bone.
Moreover, expression levels of integrin av obtained from patients
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0.045) (Fig. 3). However, the expression of integrin 3 was vari-
able. Although the expression of integrin B3 was higher in met-
astatic specimens obtained from breast and colon carcinomas
than those from degenerative bone, the differences between met-
astatic specimens and degenerative bone were less prominent,
as compared with integrin av and B1. The values were lower in
other specimens from hepatocellular and lung carcinoma than
degenerative bone (Table 2). However, because the comparison
of integrin expression between degenerative bone and tumor tis-
sues was relative to 1 sample of degenerative bone tissue, statis-
tical analysis was not significant. The gqRT-PCR results of vi-
mentin, integrin av, f1, and 33 expression in control and tumor
specimens were representative of 1 of 3 independent experiments.

DISCUSSION

Thirteen human specimens were obtained from metastatic
spine tumors, whose primary cancer was colon cancer, hepato-
cellular cancer, lung cancer, and breast cancer. The enrolled pa-
tients underwent adjuvant radiotherapy or chemotherapy. The
present immunohistochemistry and qRT-PCR data showed that
the expression of vimentin and integrin av and p1 was higher in
metastatic spine specimens, as compared with degenerative bone
tissue.

Most malignant tumors are epithelial in origin, and malignant
tumors are highly osteotropic™”. Acquisition of an invasive mes-
enchymal phenotype is necessary for metastasis of a malignant
tumor through the destruction of the epithelial side". Acqui-
sition of EMT properties causes the polarized epithelial cells to
become invasive migratory mesenchymal cells'*”. Many EMT
biomarkers, such as vimentin, N-cadherin, Snaill, FOXC2, and
Twist, have been reported”*”. Among these biomarkers, the in-
termediate filament protein vimentin is regarded as a requisite
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Fig. 1 Immunohlstochemstry of tumor samples. The result of |mmunoh|stochem|cal stalnlng A: Control bone stroma, V|ment|n B: Metastatlc breast
cancer, vimentin. C : Metastatic colon cancer, vimentin. D : Metastatic hepatocellular carcinoma, vimentin. E : Normal bone stroma, av. F : Metastatic
breast cancer, av. G : Metastatic colon cancer, av. H : Metastatic hepatocellular carcinoma, av. | : Normal bone stroma, B-1. J : Metastatic breast can-
cer, B-1. K : Metastatic colon cancer, 8-1. L : Metastatic hepatocellular carcinoma, g-1. M : Normal bone stroma, 8-3. N : Metastatic breast cancer,

B-3. 0 : Metastatic colon cancer, §-3.P

regulator of EMT induction and migration of malignant tumor
cells*”. Elevated expression of vimentin is regarded as a poor
prognostic factor in breast cancer’. Therefore, an increase in
the expression of vimentin may reflect the capacity for bone
metastasis of malignant tumors. In the present study, vimentin
expression level was higher in all metastatic specimens, as com-
pared to degenerative bone suggestive of EMT in the tumor sam-
ples. The results of the present study indicated that the vimentin
is an important biomarker of malignant tumor bone metastasis.

Integrins are a family of transmembrane glycoproteins that
facilitate cell-to-cell and cell-to-extracelluar matrix adhesion and
cell migration'"”. Integrins mediate inside-out and outside-in
signaling, and may trigger the integrin-mediated cell-signaling
cascade in metastasis'”. Malignant transformation, invasion, and
metastasis to distant organs including the skeletal system, re-
quire the activity of many adhesive proteins including integrin
family members. Metastatic tumor cells show differences in in-
tegrin activation, as compared with non metastatic tumor

: Metastatic hepatocellular carcinoma, B-3. Magnification of all slides (x400).

cells"*****. Among the 24 integrins identified, integrins such as
avp3, the B1 family, and 3 have been implicated in the pro-
cesses involved in tumor metastasis, such as angiogenesis, adhe-
sion, and progression'”. The qRT-PCR results showed that the
expression of integrins 1 and av was higher in metastatic spec-
imens than non metastatic tissue such as the degenerative bone
specimen. Integrin avp3 is expressed in osteoclast cells and the
selective inhibitor of integrin avp3 was shown to decrease bone
resorption in an animal model”. The avf3 integrin is an adhe-
sion receptor expressed by breast cancer cells and osteoclasts'®””.
The present study showed that the expression of the integrin av
in specimens of breast carcinoma increased significantly, as
compared to others. Integrin 3 may be associated with angio-
genesis during tumor progression and cancer invasion'*'”’. In the
present study, the expression of integrin 3 was elevated only
slightly in metastatic specimens, such as those of hepatocellular
carcinoma and breast cancer, as compared with degenerative
bone. This suggested that in breast carcinoma, integrin av and
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Table 2. The value of mRNA expression of vimentin and integrin av, 31, and B3 in degenerative and metastatic spinal specimens

Cases Vimentin Integrin av Integrin 31 Integrin 33
Control (degenerative) case 1 1 1 1
HCC1 797.1747 3.99935 2917.554 0.891636
HCC2 32946.48 25.40257 14996.13 17.19953
HCC3 1447.377 1.708462 3533.728 1.322626
Mean value 11730.3+£18376.58 10.3+13.06 7149.1+£6802.67 6.4+9.29
Colon 1 9762.764 6.629732 4986.484 9.184932
Colon 2 780.813 4.797411 1443.528 1.947615
Colon 3 3939.79 12.29258 4221.973 1.817886
Mean value 4827.7+4556.34 7.9 £3.90 3550.6+1864.43 434421
Lung 1 535.7248 2.126038 1231.922 0.118483
Lung 2 4414293 17.56086 4650.749 17.27169
Lung 3 369.4229 1.125752 788.2939 0.180912
Lung 4 8704.042 8.591793 3940.139 2.189937
Mean value 3505.8+3937.22 7.317.56 2652.7+1927.37 4.9+8.27
Breast 1 2936.207 19.3515 101.9125 2.168851
Breast 2 3099.263 41.58894 146.8253 7.940409
Breast 3 713.0182 28.31228 85.85593 4.201479
Mean value 2249.4+1333.12 29.7411.18 111.5+31.60 474292
p value 0.604 0.045 0.173 0.982
HCC : hepatocelluar carcinoma, Colon : colon cancer, Lung : lung cancer, Breast : breast cancer
mRNA expression levels 2 7
6 - *
5 N E 15 L
4l g
3 A i "
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2
] % 0.5
0+ § 0 T
. JCT HI H2 H3 ColCo2Co3 L1 12 13 14 Bl B2 B3 Ch' Liver Colon Lung Breast
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Fig. 2. Vimentin mRNA expression by qRT-PCR in degenerative and met-
astatic specimens. The values of mRNA in all metastatic specimens
were expressed relative value 1 of the degenerative bone. However, this
figure shows the logarithmic scale of vimentin mRNA expression in de-
generative bone and all metastatic spinal specimens. Therefore, the val-
ue of mRNA in all metastatic specimens expressed relative value 0 of
the degenerative bone in this figure. The mRNA value of was increased
in all metastatic specimens, as compared to degenerative bone tissue.
CT : control, degenerative bone, H : hepatocelluar carcinoma, Co : colon
cancer, L : lung cancer, B : breast cancer, gqRT-PCR : real-time reverse
transcription-polymerase chain reaction.

B3 expression but not integrin f1, may be related with tumor in-
duced-osteolysis and angiogenesis. Therefore, integrin av and 3
are potential therapeutic targets for prevention of spine metas-
tasis of malignant tumor including breast carcinoma.

In the present study, the immunochemical expression of inte-
grins B1 and B3 was weak and absent, respectively. The discrep-
ant results between qRT-PCR and immunohistochemistry might
be due to freezing of the tumor samples. Inmunohistochemical

Fig. 3. Integrin av mRNA expression by qRT-PCR in degenerative and
metastatic specimens. Integrin av mRNA in all metastatic specimens
were expressed relative to value 1 of the degenerative bone. However,
this figure shows the logarithmic scale of the mRNA expression levels of
integrin av in degenerative bone and all metastatic specimens.
Therefore, the value of mRNA in all metastatic specimens expressed rel-
ative value 0 of the degenerative bone in this figure. The mean values
integrin av in breast specimens were significantly higher than those of
others (p=0.045). *p<0.05. CT : control and degenerative bone, qRT-PCR :
real-time reverse transcription-polymerase chain reaction.

results obtained from frozen tissue possibly do not reflect integ-
rin expression accurately.

Limitations of study

There were several limitations of the present study. First, al-
though the bone specimens were obtained from humans, the
number of specimens was small and variable types of malignant
tumors were included. Therefore, the evidence may be weak in
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terms of providing insights into the relationships between inte-
grins av, 1, and 3 and the spine metastasis of malignant tu-
mors, and any therapeutic potential of monitoring the expression
of integrins. The present study measured only the expression of
integrins av, p1, and B3 using immunohistochemistry and qRT-
PCR, which may not reflect the entire intracellular pathway re-
lated to integrins. Future studies of malignant tumors from
more patients are needed to identify the pathological mecha-
nisms and the relationships between integrins and malignancy.
The present study also compared integrin expression between
metastasized bone tissue and nonmetastatic bone tissue but not
that of the primary tumor specimen. Future studies are required
to compare integrin expression between malignant tumor and
nonmalignant specimens, and between metastasized bone
specimens and primary tumor tissues. However, because no
studies have evaluated integrin expression in metastatic spine
specimens, despite the limitations, the results of the present
study provide meaningful information about the potential clini-
cal implications of integrin f1 and av for spine metastasis.

CONCLUSION

Vimentin expression a biomarker of EMT was highest in spec-
imens obtained from spinal metastatic tumors. The higher ex-
pression of the integrins av and B1 in metastatic specimens sug-
gested that the integrins may be a potential target for the treatment
of spine metastases from malignant tumors.
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