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Sarcoglycans and integrins in bisphosphonate treatment:
Immunohistochemical and scanning electron microscopy study
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Abstract. Osteonecrosis of the jaw is an adverse outcome
associated with bisphosphonate treatment. Bisphosphonates
are used in conjunction with antineoplastic chemotherapy for
the treatment of hypercalcaemia associated with malignancy,
Iytic bone metastasis and multiple myeloma. However, it is not
known if the osteonecrosis of the jaw lesion originates in the
bone or whether it initiates in the gingival epithelium. Two
bisphosphonates are commonly used in cancer treatment. One
of these is pamidronate disodium, a second-generation bisphos-
phonate that differs from the first-generation drug because it
inhibits bone resorption at a dose that does not affect bone
mineralization. The other widely used BP, zoledronate, is a
third-generation drug that is the most potent bisphosphonate in
clinical use, showing strong anti-osteoclastic activity, similar
to pamidronate. The aim of the present study was to evaluate
the modifications of human oral mucosa and underlying bone
in patients after treatment with these nitrogen-containing
bisphosphonates for 24 and 36 months. We analyzed the
structural damage of the oral mucosa and damage of the
perilesional mandibular bone observing possible correla-
tions from them. Our results allow to express two hypotheses
about the mechanism responsible for these results relating to
mandible matrix necrosis; first, an increased skeletal micro-
damage associated with turnover suppression occurred early
in treatment and progress with longer treatment duration,
second, opening damage in osteonecrosis of the jaw modifies
structural morphology of gingival epithelium.
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Introduction

Bisphosphonates (BPs) are stable analogues of pyrophosphate
with P-C-P structure and 2 side chains attached to the carbon
atom. BPs, approved for clinical use, differ based on structural
alterations of the so called R-2 side chain, which determines the
efficiency as inhibitor of bone resorption (1,2). Drug potency
has increased with each successive generation, as the R-2 side
chain was lengthened and an amino group incorporated. Until
now, osteonecrosis of the jaws (ONJ) has been described only
in patients undergoing treatment with amino-group-containing
BPs, which are much more potent than of that the non-amino
group drug.

BPs act through the inhibition of bone resorption and are
used in combination with antineoplastic chemotherapy for
treatment of hypercalcaemia associated with malignancy,
lytic bone metastasis and multiple myeloma (3). Several cases
describing a correlation between osteonecrosis of the jaws and
intravenous administration of BPs have been recently reported
in literature (4,5).

Different definitions for ONJ have been proposed and
all include exposure of maxillary or mandibular bone, but a
breach in the oral mucosa is an absolute requirement. At the
present time, it is in fact, not definitively known if the ONJ
lesion originates in the bone, or whether it may initiate in the
oral mucosa.

The clinical examination of patients needs to be accom-
panied by a careful evaluation of the imaging features of
bone lesions to better understand their extent and features.
Digital panoramic radiography, computed tomography (CT)
scan, magnetic resonance imaging (MRI) and 99Tcm-MDP
three-phase bone scan are diagnostic tools that add value to
the clinical findings by revealing different aspects of bone
involvement.

Since 2003, numerous reports of bisphosphonate-induced
osteonecrosis of the jaws have been reported in litera-
ture (6). Several theories have been proposed regarding the
etiopathology of ONJ, e.g. that necrosis is related to an over
suppression of bone turnover by BPs (7,8) or that BPs decrease
angiogenesis (9-11).

The jaw bones are separated from a trauma-intense and
microbiologically diverse oral environment by thin mucosa
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and periosteum. Minor trauma may cause local damage to
the thin barrier, leading to bone necrosis. Besides, teeth are
usually infected by bacteria that cause caries or periodontal
disease and are separated from periodontal tissue ~2 mm.
This condition allows the access of the infection to underlying
bone (12) coupled with chronic invasive dental treatments and
the thin mucosa over bone, this anatomical concentration of
BPs causes this condition to be manifested exclusively in the
jaws. Oral infections are a considerable problem in patients
with cancer treated with intensive chemotherapy regimens,
including hematopoietic stem-cell transplant procedures.
These infections are caused by the complex interaction
between the toxicity of cancer chemotherapy for oral mucosal
tissue.

Thus, the aim of the present study was to evaluate human
gingival epithelium and underlying bone after BPs administra-
tion and to analyze the structural damage of the mucosa in
ONIJ patients correlated to damage of the bone. We examined
the effects of zoledronate and aledronate, nitrogen-containing
BPs, on human oral mucosa and the underlying mandibular
bone.

We demonstrated that BPs induce changes in expression
of adhesion to cell-cell/cell-matrix proteins in human oral
mucosa. In addition, we demonstrated that a gradual decrease
of adhesion proteins correlate with bone damage.

Materials and methods

Samples of human gingival epithelium and bone tissue were
obtained from 12 patients, 6 affected by ONJ and treated
with alendronate orally administered (70 mg for week), and 6
affected by cancer as well as breast or prostatic cancer treated
with zoledronate (4 mg for month) by intravenous infusion
over at least 15 min. Both BPs have a light chain attached to
the central carbon atom increasing efficacy of drug but also
its toxicity.

All patients showed exposing bone areas of jaw. Biopsies
were obtained during sequestrectomy intervention removing
necrotic bone and relative perilesional gingival mucosa.

In another group of subjects who had undergone oral
procedures for other reasons, not treated with BPs, intra-
surgical biopsies were obtained and then used as normal
control.

The age of the patients ranged between 30 and 81 years
and all gave their informed consent. The procedures followed
were in accordance with the principles outlined in the Helsinki
Declaration of 1975.

The biopsies were treated to study the bone tissue by
scanning electron microscopy and the gingival mucosa by
immunohistochemistry method.

Scanning electron microscopy. The biopsy specimens utilized
for the scanning electron microscopy were fixed for 24 h in
2.5% glutaraldehyde in 0.1 M phosphate buffer at pH 7.4 at
room temperature. The specimens were dehydrated through
a gradual increase in concentrations of ethanol and amile
acetate; they were then dried at critical-point in a Balzers
critical point drier using liquid CO,. The fractured surfaces
of bone were then mounted on stub and platinum coated
with a sputtering system ‘Plasma Sciences CrC-100 Turbo
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Pumped’ and observed by Phenom G2 pro scanning electron
microscope.

Immunohistochemistry. Biopsies of gingival mucosa were
fixed in 3% paraformaldehyde in 0.2 M phosphate buffer,
pH 74, for 2 h at room temperature. They were then washed
extensively with 0.2 M phosphate buffer, pH 7.4, and then
with phosphate-buffered saline (PBS), containing 12 and 18%
sucrose. The samples were snap-frozen in liquid nitrogen and
20 um sections were prepared in a cryostat for their use in a
protocol for immunofluorescence. The sections were placed
on glass slides that were coated with 0.5% gelatin and 0.005%
chromium potassium sulphate. To block non-specific binding
sites and to permeabilize the membranes, the sections were
preincubated with 1% bovine serum albumin (BSA), 0.3%
Triton X-100 in PBS at room temperature for 15 min. Finally,
the sections were incubated with primary antibodies against
sarcoglycans and integrins in order to value adhesion zones
cell-cell and cell-extracellular matrix of gingival mucosa.

The following antibodies for double fluorescence were used:
anti-a-sarcoglycan diluted 1:100, anti-B-sarcoglycan diluted
1:200, anti-y-sarcoglycan diluted 1:100, anti-d-sarcoglycan
diluted 1:50, anti-e-sarcoglycan diluted 1:100 (all from
Novocastra Laboratories, Newcastle upon Tyne, UK); anti-f1-
integrin diluted 1:100, and anti-a6-integrin diluted 1:100 (both
from Sigma Chemicals, St. Louis, MO, USA); anti-a2-integrin
diluted 1:100 (Jackson ImmunoResearch Laboratories, West
Grove, PA, USA). In all reactions, Texas Red conjugated
IgG anti-goat (red channel), and FITCconjugated IgG anti-
mouse (green channel), all from Jackson ImmunoResearch
Laboratories, were used respectively.

Slides were finally washed in PBS and sealed with
mounting medium. The sections were then analyzed and
images acquired using a Zeiss LSM 5 DUO confocal laser
scanning microscope by META module. All images were
digitalized at a resolution of § bits into an array of 2048 x 2048
pixels. Optical sections of fluorescent specimens were obtained
using a HeNe laser (wavelength, 543 nm) and an Argon laser
(wavelength, 458 nm) at a 1-min 2-sec scanning speed with
up to 8 averages; 1.50 ym-thick sections were obtained using
a pinhole of 250. Contrast and brightness were established
by examining the most brightly labeled pixels and choosing
the settings that allowed clear visualization of the structural
details while keeping the pixel intensity at its highest (~200).

Each image was acquired within 62 sec, in order to mini-
mize photodegradation. Digital images were cropped and the
figure montage prepared using Adobe Photoshop 7.0.

Results

Scanning electron microscopy. On healthy subject, the observa-
tion of the fracture surface in biopsy of the jaw bone, show the
presence of bone lamellae parallel to each other and partially
overlapping like roof tiles, alternating to bone lamellae with
the same architecture, but with opposite orientation (Fig. 1A).
A higher magnification allow to show, in each flap, bands of
fibrillar subunits with parallel arrangement to each other and
parallel to the major axis of the lamellae (insert in Fig. 1A).
On a fracture in orthogonal plane to that previously described,
are several furrows transversely oriented to the major axis of
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Figure 1. Compound panel showing findings in fracture surfaces of mandibular biopsy in subject untreated with bisphosphonates. (A) Bony lamellae parallel
to each other and partially overlapping like roof tiles are visible; higher magnification allow to show that these lamellae alternate to similar bone lamellae
with opposite orientation (insert in A). (B) Several furrows transversely orientating to major axis of lamellae and bifurcating to Y are present. (C) Higher
magnification allow to better denote the morphology of furrows with fibrillar subunits.

Figure 2. Compound panel showing findings in fracture surfaces of mandibular biopsy in subject treated with bisphosphonates for 24 months. (A) A honey-
comb morphology with half-cells irregularly spherical is visible. (B) At higher magnification fibrillar subunits constituting surface of half-cells are irregularly
arranged; (C) occasionally, these subunits show a parallel orientation, (D) more visible at further high magnification.

lamellae, which frequently bifurcate to Y (Fig. 1B); at higher
magnification, the morphology of the furrows with fibrillar
subunits of the lamellae can be clearly seen (Fig. 1C).

In subjects treated with BPs for 24 months, the fracture
surfaces of biopsy fragments of mandibular bone frequently
show areas with honeycomb morphology represented by half-
cells irregularly spherical or elongated and interrupted by
presence of half-cells of smaller size (Fig. 2A).

Higher magnification allows to distinguish the fibrillar
subunits irregularly arranged or (Fig. 2B) oriented parallel
(Fig. 2C), constituting the surface of half-cells. Further high

magnification permits individual fibrillar subunits to be
observed, sized ~0.001 mm (Fig. 2D).

In patients treated with BPs for 36 months visible extensive
and frequent areas consisting of a honeycomb structure, or
areas with half-cells of different sizes and irregular bound-
aries, occasionally, partially overlapping each other can be
seen (Fig. 3A). Sometimes, the bottom of the half-cells appears
compact, although it is possible to recognize the presence of
fibrillar bands (insert in Fig. 3A).

In other cases the bottom, as well as the outline, appear
clearly fibrillar (Fig. 3B); in some areas, it is possible to observe



2642

DE PONTE et al: SARCOGLYCANS AND INTEGRINS IN ONJ

Figure 3. Compound panel showing findings in fracture surfaces of mandibular biopsy in subjects treated with bisphosphonates for 36 months. (A) Areas with
honeycomb structure are more extensive and the half-cells show different sizes and more irregular boundaries; occasionally, the bottom of half-cells appears
compact, but fibrillar structure is visible (insert in A). (B) Moreover, the half-cells are clearly fibrillar or (C) it is possible to observe a total arrangement of the

fibrillar component.

Figure 4. Compound panel showing immunohistochemical findings in gingival mucosa of subjects untreated with bisphosphonates. Double localization
reactions between sarcoglycans and integrins show a normal staining pattern in all analyzed regions. By splitting the image it is possible to observe a normal
staining patterns for a-sarcoglycan (red channel in A) and 31-integrin (green channel in A), while the merge, showing a yellow fluorescence, allows to denote
a colocalization between two tested proteins. The same behavior of staining patterns is visible for e-sarcoglycan (red channel in B) and a6-integrin (green
channel in B) and for y-sarcoglycan (red channel in C) and a2-integrin (green channel in C).

Figure 5. Compound panel showing immunohistochemical findings in gingival mucosa of subjects treated with bisphosphonates for 24 months. Double
localization reactions between sarcoglycans and integrins show a decreased staining patterns in respect to normal subjects. By splitting the image, it is possible
to observe a decreased staining pattern for a-sarcoglycan (red channel in A) and f1-integrin (green channel in A), while the merge of two channels, showing
a yellow fluorescence, allows to denote a colocalization between two tested proteins. The same behavior of staining patterns is visible for e-sarcoglycan (red
channel in B) and a6-integrin (green channel in B) and for y-sarcoglycan (red channel in C) and a2-integrin (green channel in C).

a total derangement of fibrillar component to the bottom of the
half-cells (Fig. 3C).

Immunohistochemistry. Double localization reactions
between sarcoglycans and integrins, on intraoperative biopsies
of oral mucosa of subjects not treated with BPs demonstrate
a normal staining pattern in all analyzed regions from basal
keratinocytes to superficial layers. By splitting the image it

is possible to denote staining patterns for a-sarcoglycan and
Pl-integrin (red and green channel in Fig. 4A, respectively),
the merging of the channels shows a yellow fluorescence
demonstrating a colocalization between two tested proteins.
Similar staining patterns are shown for e-sarcoglycan and
a6-integrin (red and green channel in Fig. 4B, respectively)
and for y-sarcoglycan and a2-integrin (red and green channel
in Fig. 4C, respectively).
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Figure 6. Compound panel showing immunohistochemical findings in gingival mucosa of subjects treated with bisphosphonates for 36 months. Double
localization reactions between sarcoglycans and integrins show an absence of staining pattern for tested proteins. By splitting the image, it is possible to denote
amarkedly decreased staining patterns for a-sarcoglycan (red channel in A) and the absence for f1-integrin. (B) Analysis of e-sarcoglycan and a6-integrin and

(C) of y-sarcoglycan and o2-integrin indicate absence of staining pattern.
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Figure 7. Display profiles of gingival mucosa. (A) In biopsies of subjects untreated with bisphosphonates the analysis shows clear and frequent peaks of
fluorescence for e-sarcoglycan; (B) on biopsy of patients treated with bisphosphonates for 24 months peaks of fluorescence appear less frequent, demonstrating

a decreased fluorescence.

Double localization reaction between sarcoglycans and
integrin in intraoperative biopsies of the oral mucosa in
patients treated with zoledronate for 24 months, compared
with healthy subjects, generally show a decreased staining
pattern for both proteins. In detail, by splitting the image it is
possible to show decreased staining patterns for a-sarcoglycan
and Pl-integrin (red and green channel in Fig. 5A, respec-
tively), while the merge of two channels shows a colocalization
between two tested proteins. Similarly, the staining patterns for
e-sarcoglycan and a6-integrin (red and green channel in Fig.
5B, respectively) and for y-sarcoglycan and a2-integrin (red
and green channel in Fig. 5C, respectively), show decreased
fluorescence.

On intraoperative biopsies of the oral mucosa of patients
undergoing BPs therapy for 36 months, double localization

reaction between sarcoglycans and integrins reveals an almost
absent staining pattern for the tested proteins. By splitting
of image it is possible to denote the absence of f1-integrin
(Fig. 6A) and a markedly decreased staining pattern for
a-sarcoglycan (red channel in Fig. 6A). Staining patterns
for e-sarcoglycan and a6-integrin (red and green channel in
Fig. 6B, respectively) and for y-sarcoglycan and a2-integrin
(red and green channel in Fig. 6C, respectively), show absence
of the fluorescence.

To confirm the protein staining patterns, we used the
‘display profile’ software function of the laser scanning micro-
scope for selected samples. This additional analysis, which
reveals the fluorescence intensity profile across an image
along a freely selectable line, converted the immunofluores-
cence signal into a graph. The display profile of the control
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Figure 8. Display profiles of gingival mucosa. (A) In biopsies of subjects untreated with bisphosphonates this analysis shows clear and frequent peaks of
fluorescence for a-sarcoglycan; (B) on biopsy of patients treated with bisphosphonates for 36 months it is possible to denote an almost absence of peaks of

fluorescence.

specimens shows clear and frequent peaks of fluorescence for
e-sarcoglycan (Fig. 7A), while a biopsy of a patient treated
with BPs for 24 months, peaks of fluorescence appear less
frequently, demonstrating a decreased fluorescence (Fig. 7B).
In the same way, the display profile for a-sarcoglycan, in a
control subject, shows normal and frequent peaks of fluores-
cence (Fig. 8A), while a biopsy treated with BPs for 36 months
shows an almost total absence of peaks (Fig. 8B).

Discussion

Osteonecrosis of the jaw has been identified as a serious
potential complication during prolonged therapy with BPs
(6,13). Many studies have suggested that zoledronate and
pamidronate may be directly responsible for bisphosphonates
related osteonecrosis of the jaw (14,15); nevertheless, the exact
mechanism of a predilection for the jaw remains unclear.

Regarding bone healing it was hypothesized that BPs
have an effect on bone blood flow in rats and significantly
they also reduce circulating vascular endothelial growth
factor levels; in other words, the BPs inhibit the angiogenesis
process (16,17).

In particular, anti-angiogenic properties have been reported
for nitrogen-containing BPs and decreased levels of vascular
endothelial growth factor have been observed in humans after
administration of zoledronic acid (9,10,18).

This hypothesis has been contrasted in several cases of
ONIJ, reporting intact vascular channels, even in areas with
acute inflammatory infiltrates and bacterial over growth;
moreover, no-vital bone fragments without any vascular
alteration were also described (19). Recently, the increased
level of VEGF in patients with ONJ was demonstrated, using
immunohistochemistry methods (11).

An alternative hypothesis is that BPs directly affect
viability of osteocytes decreasing their lifespan and increasing
the rate of necrotic matrix formation.

In contrast, there is no evidence on the in vivo effects of
BPs on osteocytes at high doses, although pamidronate and
alendronate have been show to inhibit osteoblastic differ-
entiation in vitro and to suppress the activity of osteoblasts
in vivo (20-22). It is possible that during prolonged therapy the
BPs may accumulate in the bone toxic levels for osteocytes.
Particularly, the mandible and maxillary bone have high rates
of bone remodeling and are sites of high rate BP uptake and
accumulation.

It is known that the BPs inhibit the mevalonate pathway;
blocking the enzyme farnesyl-diphosphate synthase they
lead to poor cell function and apoptosis (23,24). In this case,
the osteocytes move down by howship lacunae; the lacunae
appear empty because the osteoclasts cannot produce new
bone material. In our study, at 24 months of treatment with
BPs the perilesional bone demonstrated delineated areas with
micro-lacunae; after 36 months of treatment the micro-lacunae
became wide areas.

Iwata et al (21) have valued connection between organic
matrix necrosis toxicity of BPs towards the osteocytes.
Moreover, it is not clear whether osteocytic death in the canine
model occurs through direct toxic effects of BPs or it occurs
through reduced/suppressed remodeling of regions which
normally undergo cell death. Which of these hypothesis is
correct remains an open question; in either cases, the osteo-
cyte death without replacement inevitably leads to bone matrix
necrosis. Our reports of human perilesional bone tissue demon-
strate wide areas with absence of matrix and the presence of
fibrillar structures exclusively. At 36 months of treatment with
BPs we observed many unorganized fibrils or crushed fibrils.
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It was proposed that higher BP levels in alveolar bone would
result in high enough BP concentrations to be directly toxic to
oral epithelium, resulting in secondary infection of the under-
lying bone (25). Our findings demonstrate a strong correlation
between gingival epithelium alteration and bone alteration.
In agreement, Reid et al (26) suggested that seminal event in
the development of ONJ was actually bisphosphonate-induced
soft tissue injury. Indeed, it is known that the BPs as pamidro-
nate and aledronate have cytotoxic effects on human intestinal
cells (27,28). In particular, Twiss et al (29) demonstrated
increased cell permeability after high doses of pamidronate
and aledronate exposure in vitro.

Landesberg et al (30) evaluated whether oral keratinocytes
undergo apoptosis following exposure to pamidronate by three
different methods. But all assays failed to show any significant
increase in oral keratinocyte apoptosis secondary to BP
exposure. However, it was demonstrated that high concentra-
tions show a significant decreased cellular adhesion in the
keratinocytes. This decrease in cell-cell adhesion could create
cellular necrosis.

In the present study, we have demonstrated that the subjects
treated with BPs, independently by adopted drug, reveal a
gradual decrease or absence of transmembrane proteins of
integrin system and sarcoglycan complex. This decrease is
highly correlated with the treatment duration. It is known that
integrins and sarcoglycans are transmembrane proteins that
can have a role in cell-cell adhesion and in cell-matrix adhe-
sion (32-34). Therefore, we hypothesize that the BPs have an
effect on development of ONJ in two different ways: a direct
one on the bone and a indirect one from gingival epithelium.
In the direct way on the bone the BPs cause matrix necrosis in
maxillar and mandibular bone that have a high bone remod-
eling from the constant stress of masticatory forces; turnover
suppression increases the mean tissue because mandibular
bone is remodeled less frequently. In the second way the BPs
have effect on the gingival epithelium and they, at the same
time, cause absence of cell-cell adhesion and cell-matrix adhe-
sion that lead to cellular apoptosis; this second way facilitates
the transit of normal bacterial flora in underlying bone of oral
region that causes clinical manifestation as osteomyelitis.

In conclusion, our data show, for the first time, a strong
temporal relationship between damage of gingival mucosa
and perilesional damage. Regardless of drug chosen and of
administration modalities, we demonstrate that both mucosal
damage and bone tissue damage increases together with
advance of time of treatment.

Primarily, we hypothesize that BPs act on jaw bone through
two mechanisms; first, directly on bone tissue, second, indirect
on gingival mucosa acting on gingival epithelial permeability.
Our results need further analyses on experimental animal
models in order to confirm these hypotheses.
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