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Introduction

Bisphosphonates are a class of medications primarily used to treat metabolic bone
diseases, particularly osteoporosis and Paget’s disease of bone, and neoplastic diseases such
as bone metastases deriving from breast or prostate cancer and multiple myeloma. They
work by inhibiting bone resorption (1), the process by which bone is broken down and
minerals are released into the bloodstream. Bisphosphonates are typically taken orally,
although some formulations can be administered intravenously. By reducing bone
turnover, bisphosphonates can help to increase bone density, alleviate pain, lower the
risk of skeletal-related events (such as fractures or spinal cord compression), and improve
the quality of life for patients. In addition to their anti-resorptive role, bisphosphonates
have other potential benefits in cancer therapy, in fact some research suggests that
bisphosphonates may have anti-tumor effects, such as inhibiting the growth and spread
of cancer cells (2). While bisphosphonates are generally well-tolerated, they can cause side
effects in some people, such as gastrointestinal issues (like nausea, heartburn, or stomach
pain), flu-like symptoms, and serious complications like osteonecrosis of the jaw (ONJ).
ONJ is often referred to as BRON]J (Bisphosphonate-Related Osteonecrosis of the Jaw),
which is ONJ that occurs in patients who have been treated with bisphosphonates (3), or
MRON]J (Medication-Related Osteonecrosis of the Jaw), which is a broader term that
encompasses ONJ associated with not only bisphosphonates but also other medications (4),
such as denosumab, a monoclonal antibody that inhibits RANKL (Receptor Activator of
Nuclear Factor Kappa-B Ligand) (1), a key factor in osteoclast formation, function, and
survival, and antiangiogenic agents. ONJ is associated with bisphosphonates, particularly
when administered intravenously at higher doses, often in the treatment of cancer that has
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spread to the bone (metastatic bone disease). ONJ is characterized
by the death of bone tissue in the jaw, leading to symptoms such as
exposed bone in the mouth, pain and swelling.

Mechanisms underlying BRONJ

The exact mechanism by which bisphosphonates contribute to
ONJ is not fully understood, although studies suggest that the
disruption in the normal bone remodeling process, leading to
impaired bone healing and the accumulation of dead bone tissue,
might depend on bisphosphonates-mediated inhibition of both
osteoclast differentiation and angiogenesis (3, 4). This can result
in the persistence of non-healing lesions and the development of
exposed bone in the mouth, which are characteristic features of
ONJ. Furthermore, osteoclast inhibition by bisphosphonates may
impair the ability of the jawbone to respond to injury or infection,
further contributing to the development of the disease.
Additionally, the jawbone is subject to microdamage and trauma
from everyday activities like chewing and dental procedures, which
can exacerbate the effects of bisphosphonates on bone healing in
this region, thereby triggering the onset of ONJ. Experimental data
show that bisphosphonates do not only deregulate osteoclast
differentiation, but also negatively condition macrophage function
(5). One of the primary functions of macrophages is to phagocytize
dead cells and necrotic tissue. In ONJ, impaired macrophage
function can lead to the accumulation of necrotic bone and
delayed healing. Macrophages are involved in tissue repair and
regeneration, they secrete growth factors like Transforming Growth
Factor  (TGF-B) and Vascular Endothelial Growth Factor (VEGF),
which promote angiogenesis and tissue repair. In ONJ, insufficient
macrophage response can hinder these processes, leading to poor
wound healing and prolonged exposure of necrotic bone.

New local therapies targeting
osteoclast differentiation in ONJ

While osteoclast inhibition by bisphosphonates is beneficial, at
the systemic level, for managing conditions like osteoporosis and
bone metastases, it can contribute, locally, to the pathogenesis of
ONJ by disrupting normal bone remodeling processes in the jaw. In
this regard, the development of treatments allowing to locally revert
the inhibition of osteoclast differentiation in the jaw of
bisphosphonates patients might be of particular interest. In
literature there are three publications directly or indirectly
suggesting three different approaches aimed to potentiate
osteoclast differentiation or mitigate bisphosphonates activity, that
might be further developed in order to locally target BRONJ. They
are respectively based on the inhibition of Glycogen synthase
kinase-3 beta (GSK3) (6), geranyl-geraniol (GG) administration
(7) or local use of magnesium (Mg) (8-10). GSK3p is a highly
conserved serine/threonine kinase active in different signal
transduction pathways. Several studies, that were summarized and
discussed in a recent review (6), evidenced that inhibition of
GSK3f, obtained by phosphorylation or down-regulation, in the

Frontiers in Endocrinology

10.3389/fendo.2024.1447314

presence of the cytokines macrophage colony- stimulating factor
(M-CSF) and nuclear factor Kappa B ligand (RANKL) favors in
vitro differentiation of osteoclast precursors into osteoclasts.
Although the target of these studies was the comprehension of
the role of GSK3P in bone remodeling with regards to its role in
osteoporosis, these observations suggest that GSK3f inhibition,
obtained for instance by using lithium chloride (LiCl), might be
an interesting putative target also for the therapy of ONJ.
Nevertheless, the same review observes that in literature there are
discrepancies between in vitro and in vivo experiments, making this
option very premature and in need of further studies. GG is a
metabolite in the mevalonate metabolism, which is strongly
GG is a
product of reactions catalyzed by farnesyl pyrophosphate synthase

involved in the effect of bisphosphonates (11, 12).

(FPPS). FPPS catalyzes the synthesis of farnesyl pyrophosphate
(FPP), a key intermediate in the mevalonate pathway. This pathway
is essential for the production of cholesterol, isoprenoids, and other

TABLE 1 List of Osteoclastogenic Agents which are potentially available
for the prevention and treatment of ONJ.

Osteoclastogenic Active Reference
Agent Concentration number
LiCl 10 mM (6)
GG 10 uM 7)
MgCl, 10 mM (8-10)
Teriparatide Undetermined (13)

MgCl,, Magnesium Chloride; GG, Geranyl — Geraniol; LiCl, Lithium Chloride; Teriparatide.

FPPS
inhibition

/'\
M ONJ
i \/

MgCl,  Gsk3p inhibition
GG FPPS activation
TPT FPPS rescue

PTH - like action

Osteoclast
re-activation

OCs

Osteoclast
depletion

FIGURE 1

Schematic representation of the potential effect that might be
determined by Osteoclastogenic Agents in the prevention and
treatment of Osteonecrosis of the Jaw. BPs, Bisphosphonates; OAs,
Osteoclastogenic Agents; ONJ, Osteonecrosis of the Jaw; OCs,
Osteoclasts; LiCl, Lithium Chloride; MgCl,, Magnesium Chloride;
GG, Geranyl — Geraniol; TPT, Teriparatide; GSK3pB, Glycogen
synthase kinase-3 beta; FPPS, Farnesyl Pyrophosphate Synthase;
PTH, Parathyroid hormone. Arrow and hammer-headlines
respectively mean stimulation and inhibition.
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important molecules involved in cell membrane integrity, protein
prenylation, and bone metabolism (11, 12). By competing with
pyrophosphate (PP) residues in the active site of FPPS,
bisphosphonates disrupt the mevalonate pathway, leading to
reduced production of FPP and subsequent downstream
metabolites like GG (11, 12). This inhibition impairs the
prenylation of small GTPase signaling proteins, and leads to
decreased osteoclast activity and increased osteoclast apoptosis.
While this reduces bone resorption and strengthens bones, it also
disrupts normal bone remodeling and repair processes. Impaired
osteoclast function and bone remodeling can contribute to the
accumulation of microdamage and necrotic bone, especially in the
jaw, which has a high rate of bone turnover. It has been
demonstrated that by adding GG to in vitro cell cultures it is
possible to restore the downstream mevalonate pathway, therefore
mitigating the apoptotic and anti-differentiative effect of
bisphosphonates on osteoclast precursors (7). The third approach
suggests that specific concentrations of Mg are capable to induce
osteoclast differentiation and, moreover, that this effect is greatly
enhanced by the presence of the bisphosphonate zoledronate (8).
This approach, that was described in detail also in two patents
(Italian Patent: Title “Therapy of Osteonecrosis of the Jaw”,
Inventor Alexis Grande, Priority Number 102023000002301,
Priority Date 10/02/2023, https://www.knowledge-share.eu. Patent
Cooperation Treaty, PCT: Title “Prevention and Treatment of
Maxillary Osteonecrosis”, IA number: PCT/IB2024/051172,
International filing date: 08/02/2024), is particularly interesting,
since Mg is currently used as a dietary supplement and its topic use
is free of toxicity. Another drug that was tested to treat ONJ is
Teriparatide (13), a recombinant form of parathyroid hormone
(PTH), specifically the first 34 amino acids of the human PTH
(PTH 1-34). Teriparatide was administered systemically and proved
to stimulate bone formation. Its local use might also be tested,
although the protein nature of the molecule might reduce its
availability in the cell and overall efficacy.

Discussion

Since systemic treatment with bisphosphonates or denosumab
has proven its efficacy in the treatment of life-threatening
conditions, the development of local therapies for ONJ that do
not interfere with the systemic treatment might be of interest
(Table 1). Topical therapies based on GG and Mg might indeed
prove to be effective in mitigating the local collateral symptoms that
bisphosphonates trigger in the jaw, while leaving the systemic effect
intact. Both the GG and Mg approach act on osteoclast
differentiation (Figure 1): GG restores the mevalonate pathway,
while Mg seems to be active at different levels. In particular, supra-
physiological concentrations of Mg are capable of promoting
osteoclast differentiation in the presence of bisphosphonates (8);
Mg is capable to autonomously promote macrophage and osteoclast
differentiation (8, 10) and, in addition, Mg plays a role in cellular
energy metabolism, DNA and protein synthesis, and has anti-
inflammatory effects thereby supporting overall bone health and
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cellular functions, providing a favorable environment for bone
repair and regeneration (14). The mechanism underlying the
ability of Mg to enhance osteoclast differentiation at the presence
of bisphosphonates has not been clarified, but it is possible to
hypothesize that the interaction of PP with the active catalytic site of
the FPPS enzyme is mediated by Mg and it is therefore possible that,
through a conformational change mechanism, an increase in Mg
concentration might determine an opposite effect on the
recruitment of PP or bisphosphonates, favoring the former and
inhibiting the latter. This mechanism would allow to hypothesize
that both GG and Mg might be useful in the treatment of BRONJ,
given the specific involvement of the mevalonate pathway. Since Mg
seems to be capable of promoting autonomously both macrophage
and osteoclast differentiation (15), local treatment with Mg in
various forms (solution, gel or other) might be useful also in the
treatment of MRONJ, for instance denosumab-related. This
possibility should be experimentally tested in a RANKL-
dependent osteoclast differentiation model. It would also be
imaginable to develop a combined treatment for BRONJ with GG
and Mg that might combine a synergistic or additive effect of the
two on osteoclast differentiation with the additional positive effect
of Mg on macrophage differentiation and inflammation.

Author contributions

TZ-M: Conceptualization, Funding acquisition, Writing -
original draft, Writing - review & editing. SR: Investigation,
Writing - review & editing. LC: Investigation, Writing — review &
editing. ELo: Investigation, Visualization, Writing - review &
editing. ELe: Investigation, Writing - review & editing. AG:
Conceptualization, Supervision, Writing — review & editing.

Funding

The author(s) declare that no financial support was received for
the research, authorship, and/or publication of this article.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

frontiersin.org


https://www.knowledge-share.eu
https://doi.org/10.3389/fendo.2024.1447314
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

Zanocco-Marani et al.

References

1. Everts-Graber J, Lehmann D, Burkard JP, Schaller B, Gahl B, Hiuselmann H, et al.
Risk of osteonecrosis of the jaw under denosumab compared to bisphosphonates in
patients with osteoporosis. ] Bone Miner Res. (2022) 37:340-8. doi: 10.1002/jbmr.4472

2. Singh T, Kaur V, Kumar M, Kaur P, Murthy RS, Rawal RK. The critical role of
bisphosphonates to target bone cancer metastasis: an overview. ] Drug Target. (2015)
23:1-15. doi: 10.3109/1061186X.2014.950668

3. Hoefert S, Schmitz I, Weichert F, Gaspar M, Eufinger H. Macrophages and
bisphosphonate-related osteonecrosis of the jaw (BRONJ): evidence of local
immunosuppression of macrophages in contrast to other infectious jaw diseases.
Clin Oral Investig. (2015) 19:497-508. doi: 10.1007/s00784-014-1273-7

4. Gkouveris I, Soundia A, Gouveris P, Zouki D, Hadaya D, Tetradis S. Macrophage
involvement in medication-related osteonecrosis of the jaw (MRONJ): A
comprehensive, short review. Cancers (Basel). (2022) 14:330. doi: 10.3390/
cancers14020330

5. Kozutsumi R, Kuroshima S, Al-Omari FA, Hayano H, Nakajima K, Kakehashi H,
et al. Depletion of macrophages deteriorates bisphosphonate-related osteonecrosis of
the jaw-like lesions in mice. Bone. (2023) 177:116899. doi: 10.1016/j.bone.2023.116899

6. Wong SK. Glycogen synthase kinase-3 beta (GSK3p) as a potential drug target in
regulating osteoclastogenesis: an updated review on current evidence. Biomolecules.
(2024) 14:502. doi: 10.3390/biom14040502

7. Otto M, Lux C, Schlittenbauer T, Halling F, Ziebart T. Geranyl-geraniol addition
affects potency of bisphosphonates-a comparison in vitro promising a therapeutic
approach for bisphosphonate-associated osteonecrosis of the jaw and oral wound
healing. Oral Maxillofac Surg. (2022) 26:321-32. doi: 10.1007/s10006-021-00982-8

Frontiers in Endocrinology

04

10.3389/fendo.2024.1447314

8. Ricchiuto S, Palumbo R, Lami F, Gavioli F, Caselli L, Montanari M, et al. The
capacity of magnesium to induce osteoclast differentiation is greatly enhanced by the
presence of zoledronate. Biol (Basel). (2023) 12:1297. doi: 10.3390/biology12101297

9. Anesi A, Generali L, Sandoni L, Pozzi S, Grande A. From osteoclast differentiation
to osteonecrosis of the jaw: molecular and clinical insights. Int | Mol Sci. (2019)
20:4925. doi: 10.3390/ijms20194925

10. Parenti S, Sandoni L, Montanari M, Zanocco-Marani T, Anesi A, Iotti S, et al.
Magnesium favors the capacity of vitamin D3 to induce the monocyte differentiation of
U937 cells. Magnes Res. (2021) 34:114-29. doi: 10.1684/mrh.2021.0490

11. Han §, Li X, Xia Y, Yu Z, Cai N, Malwal SR, et al. Farnesyl pyrophosphate
synthase as a target for drug development: discovery of natural-product-derived
inhibitors and their activity in pancreatic cancer cells. ] Med Chem. (2019)
62:10867-96. doi: 10.1021/acs.jmedchem.9b01405

12. Park J, Matralis AN, Berghuis AM, Tsantrizos YS. Human isoprenoid synthase
enzymes as therapeutic targets. Front Chem. (2014) 2:50. doi: 10.3389/
fchem.2014.00050

13. Kwon YD, Kim DY. Role of teriparatide in medication-related osteonecrosis of
the jaws (MRON]). Dent ] (Basel). (2016) 4:41. doi: 10.3390/dj4040041

14. Fiorentini D, Cappadone C, Farruggia G, Prata C. Magnesium: biochemistry,
nutrition, detection, and social impact of diseases linked to its deficiency. Nutrients.
(2021) 13:1136. doi: 10.3390/nul3041136

15. Mammoli F, Castiglioni S, Parenti S, Cappadone C, Farruggia G, Iotti S, et al.
Magnesium is a key regulator of the balance between osteoclast and osteoblast differentiation
in the presence of vitamin Ds. Int ] Mol Sci. (2019) 20:385. doi: 10.3390/ijms20020385

frontiersin.org


https://doi.org/10.1002/jbmr.4472
https://doi.org/10.3109/1061186X.2014.950668
https://doi.org/10.1007/s00784-014-1273-7
https://doi.org/10.3390/cancers14020330
https://doi.org/10.3390/cancers14020330
https://doi.org/10.1016/j.bone.2023.116899
https://doi.org/10.3390/biom14040502
https://doi.org/10.1007/s10006-021-00982-8
https://doi.org/10.3390/biology12101297
https://doi.org/10.3390/ijms20194925
https://doi.org/10.1684/mrh.2021.0490
https://doi.org/10.1021/acs.jmedchem.9b01405
https://doi.org/10.3389/fchem.2014.00050
https://doi.org/10.3389/fchem.2014.00050
https://doi.org/10.3390/dj4040041
https://doi.org/10.3390/nu13041136
https://doi.org/10.3390/ijms20020385
https://doi.org/10.3389/fendo.2024.1447314
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Local re-activation of osteoclast differentiation as a novel therapeutic strategy for osteonecrosis of the jaw
	Introduction
	Mechanisms underlying BRONJ
	New local therapies targeting osteoclast differentiation in ONJ
	Discussion
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


