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Summary Various combinations of the SIBLING family of proteins have been found to be up-
regulated in many human cancers and have been linked to different stages of tumor progres-
sion, including metastasis. Bone sialoprotein (BSP), osteopontin (OPN) and dentin matrix pro-
tein 1 (DMP1) specifically bind and activate MMP-2, MMP-3, and MMP-9, respectively. These
proteases have also been shown to play important roles in oral squamous cell carcinoma (OSCC)
invasion and metastasis. However, with the exception of OPN, there are no reports on the
expression of the family of five SIBLING proteins in OSCC. This study examines the expression
patterns of the SIBLING family (and MMP partners when known) in OSCC, correlating expression
to outcome variables. Archived paraffin sections of 87 cases of primary OSCC were screened by
immunohistochemistry for the SIBLINGs and their MMP partners. Three SIBLINGs (BSP, DSPP, and
OPN), were expressed in OSCC, while DMP1 and MEPE expression were never observed. Further-
more, BSP and OPN were always expressed with their known MMP partners, MMP-2 and MMP-3,
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respectively. Poorly differentiated tumors exhibited reduced or no immunoreactivity for BSP
and OPN but increased immunoreactivity for DSPP. Seventy eight (90%) cases were positive
for BSP and DSPP, while 79 cases (91%) were positive for OPN. Overall, 91% of the cases were
positive for at least one SIBLING. There were no correlations between SIBLING expression and
tumor size (‘‘T’’; of the Union Internationale Contre le Cancer [UICC]-TNM classification for
OSCC), and between SIBLING expression and lymph node spread for the T1/T2 tumors. The lev-
els of DSPP expression for floor of mouth and retromolar region tumors were higher than for
tongue tumors. Statistically significant correlations were, however, found between the expres-
sion levels of BSP and MMP-2 (p < 0.0001), BSP and MMP-3 (p < 0.0001), and OPN and MMP-3
(p < 0.0024). We conclude that BSP, DSPP, and OPN are highly up-regulated in OSCC. While
the production of these SIBLINGs is independent of T, they correlate with oral location of
tumor, cognate MMP expression, and for DSPP, the degree of tumor differentiation.

�c 2006 Elsevier Ltd. All rights reserved.

Introduction

Oral cancer is the sixth most common cancer in the world
and the incidence of new cases indicates a continuing rise
in developing countries.1,2 About 30,000 new cases of oral
and oropharyngeal cancers are diagnosed annually in the
United States with about 7,500 resultant deaths.3,4 For the
last four decades, the mortality rate from oral cancer has
remained high (�50%), in spite of new treatment modali-
ties.2 Over 90% of oral malignancies are histologically char-
acterized as oral squamous cell carcinomas (OSCC).3 Most
OSCC patients die as a result of local and regional spread
of the disease and not of distant organ metastasis.2

On the basis of their common genetic and structural fea-
tures as well as interactions with other acknowledged family
groups such as integrins and matrix metalloproteinases
(MMPs), bone sialoprotein (BSP), osteopontin (OPN), dentin
sialophosphoprotein (DSPP), dentin matrix protein 1 (DMP-
1), and matrix extracellular phosphoglycoprotein (MEPE)
have been proposed to constitute a gene family called the
SIBLINGs (Small Integrin-Binding LIgand, N-linked Glycopro-
teins).5,6 The SIBLINGs are encoded by a tandem cluster of
genes within a �375,000 basepair region of human chromo-
some 4.5 The four acidic SIBLING proteins, BSP, OPN, DMP1,
DSPP, were discovered many years ago embedded in the
mineralized matrices of bone and teeth by many laborato-
ries.6,7 The basic protein, MEPE, was discovered more re-
cently in association with tumors that cause phosphate
wasting, but is also expressed in the skeleton.8 With the
exception of OPN (previously reported to be expressed in
non-mineralizing tissues such as the kidney, lactating mam-
mary gland, and certain immune cells,9–11) the SIBLINGs
were generally thought to be limited to bones and teeth
in normal adult tissues. Results of recent studies however
indicate that all five members of the SIBLING family are ex-
pressed in the ductal epithelial cells of normal adult salivary
glands12 and kidney.13

Over the last few years, the up-regulation of the SIBLING
family members has been reported for a number of can-
cers.14–28 For example, OPN and BSP have been linked with
different stages of tumor progression: cell growth; adhe-
sion; migration and/or metastasis,28 and published reports
indicate that various combinations of SIBLINGs are up-regu-
lated in breast,14,15 prostate,16,17 lung,18,19 and colon can-
cers.26 High BSP and OPN expression in breast and
prostate primary tumors are significantly associated with

poor prognosis and the development of bone metastases in
these diseases.17,21–25 More recently, Chaplet and col-
leagues found that DSPP is up-regulated in prostate can-
cer.27 Cancers of these organs however differ from oral
cancer in two significant respects. First, cancers of the
breast, prostate, lung, and colon are essentially adenocarci-
nomas while oral cancer is predominantly squamous cell
carcinoma. Second, cancers of the breast, prostate, lung,
and colon are characterized by their high tendency to
metastasize to distant sites early in the course of the dis-
ease, while in OSCC distant metastasis beyond regional cer-
vical lymph nodes, if it occurs at all, remains a late event.

Recent reports also document the specific partnering and
co-localization of MMP-2, MMP-3, and MMP-9 with three
members of the SIBLING family: BSP; OPN; and DMP1,
respectively, both in vitro and in vivo.12,13,29 There are also
numerous reports documenting the expression of MMP-2,
MMP-3, and MMP-9 in OSCC tissues and cell lines, but except
for OPN,30–32 there are no reports on the expression of the
other SIBLINGs in human OSCC. Sasaguri et al. demonstrated
the presence of BSP mRNA and protein in the chemically-in-
duced hamster buccal-pouch OSCC model system.33

We have screened archived paraffin sections of surgical
resections from 87 patients with primary OSCC for the pres-
ence of all five SIBLINGs and the three known MMP part-
ners,12,13,29 using immunohistochemistry. Our objectives
were to determine which of the SIBLINGs and their MMP
partners are expressed in OSCC, and the extent to which
each expression is related to tumor size (T). In addition,
we sought to examine the extent to which SIBLING-MMP
expression in the T1/T2 OSCC relate to histologic differenti-
ation, presence or absence of regional lymph node spread,
and to other notable variables associated with outcome
and prognosis in oral cancer. This is with a view to examin-
ing whether such expression provides new opportunities for
predicting OSCC aggressiveness and prognosis.

We have limited our analysis of the relationship between
SIBLING/MMP expression and prognostic outcomes in OSCC
to the small (T1/T2) tumors because of their unpredictable
course and outcome. While the large (T3 and T4) tumors, of-
ten presenting with preoperative N-positive neck disease,
create no controversy as to the treatment approach re-
quired, considerable doubt and debate on the best manage-
ment approach to the T1/T2 OSCC linger. For example,
although OSCC patients with T1/T2 lesions often present
with clinically negative (N0) nodes, these patients also have
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