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(57) ABSTRACT

THE INVENTION RELATES TO compositions, com-
pounds, proteins and methods of treatment therewith. Aspects
of embodiments also relate to a method of treating a patient by
delivering to the tissues of said patient or administering to
said patient a therapeutically effective amount of one or more
compounds. Aspects of embodiments also relate to a method
of detecting the presence of bone disease by machine-assay-
ing detectable serotonin. Aspects of embodiments also relate
to methods of treating disease in subjects.
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BONE MODULATORS AND METHODS
THEREWITH

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims the benefit of U.S. Provi-
sional Application No. 61/373,576, filed 13 Aug. 2010, and
U.S. Provisional Application No. 61/419,517, filed 3 Dec.
2010, each of which is hereby incorporated by reference in its
entirety. This application is also a continuation-in-part of U.S.
application No. 13/073,989, filed 28 May 2011, which is a
continuation-in-part (CIP) of PCT application PCT/US2009/
004608, with an international filing date of 12 Aug. 2009,
each of which is hereby incorporated by reference in its
entirety. U.S. application No. 13/073,989, filed 28 May 2011
claims the benefit of U.S. Provisional Application No.
61/318,074, filed 26 Mar. 2010, each of which is hereby
incorporated by reference in its entirety.

INTRODUCTION

[0002] Bone disease is a major cause of morbidity in Mul-
tiple Myeloma (MM). Patients with bone disease may suffer
from anemia, infections, bleeding, bony fractures of the ver-
tebral column, osteolytic bone lesions, and impaired integrity
of the skeleton. Skeletal integrity requires the harmonious
activity of bone forming (osteoblasts) and bone-resorbing
cells (osteoclasts). Multiple Myeloma-related bone disease
may follow from a nonharmonic and uncoupled osteoblast
inactivation and osteoclast activation adjacent to tumor foci
within the bone. These and other challenges are addressed,
and novel treatments for bone diseases are offered.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0003] These and other features, aspects, embodiments,
and advantages of the present invention will become better
understood with regard to the following description,
appended claims, and accompanying drawings.

[0004] FIG. 1 is an artist’s rendering of a non-limiting
physiological mechanism of Serotonin-based regulation of
bone mass as per aspect of an embodiment of the present
invention. (Ducy et al. 2010).

[0005] FIG. 2 depicts three graphs illustrating a relation-
ship between Serotonin, the angiogenesis switch (HIF-1a),
and bone lesions in patients treated with bone breakdown
inhibitors (bisphosphonates) as per aspect of an embodiment
of the present invention.

[0006] FIG. 3 shows two graphs depicting the serum-Sero-
tonin concentration and the platelet grains-Serotonin concen-
tration for healthy, diseased, and disease-free bone tissue as
per aspect of an embodiment of the present invention.
[0007] FIG. 4(A-M) is a multipanel figure depicting a cor-
relation between Serotonin levels and RANK, DKK1, cytok-
ines, and proteins that are known to regulate bone as per
aspect of an embodiment of the present invention.

[0008] FIG. 5 depicts a two panel graph showing Seroto-
nin’s positive correlation with both IL-10 and TNFa as per
aspect of an embodiment of the present invention.

[0009] FIG. 6 is a graph comparing the Serotonin, Rank,
LRP6, Progesterone Receptor S190, Beta Arrestin, and DEP-
TOR concentrations in diseased and healthy bone as per
aspect of an embodiment of the present invention.
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[0010] FIG. 7 depicts two graphs comparing the response
of aliquots of a single patient’s bone marrow aspirate to (Left
panel) treatment with Sorafinib with (Right panel) the
response to a different inhibitor of the B-Raf pathway as per
aspect of an embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0011] Aspects of embodiments include a method of treat-
ing a mammalian patient diagnosed with bone disease com-
prising delivering to the tissues of said patient or administer-
ing to said patient a therapeutically effective amount of one or
more compounds, and wherein said one or more compounds
comprises one or more of a tyrosine kinase inhibitor, a selec-
tive serotonin reuptake inhibitor (SSRI), a heterocyclic anti-
depressant, a monoamine oxidase inhibitor, an antidepres-
sant, an anti-anxiety compound, an anti-epileptic, and an
antibody.

[0012] Aspects of embodiments include a bone disease
including one or more of brittle bone disease, multiple
myeloma, osteogenesis imperfecta (OI), osteolytic bone dis-
ease, amyloidosis, monoclonal gammopathy, alterations in
bone marrow hematopoietic precursor cells, myelodysplasia,
or bone metastasis.

[0013] Aspects of embodiments include monoamine oxi-
dase inhibitors including one or more of a selective monoam-
ine oxidase inhibitor, a monoamine oxidase A inhibitor, a
monoamine oxidase B inhibitor or a nonselective monoamine
oxidase inhibitor.

[0014] Ina further teaching, embodiments include conjoint
administration of a therapeutically effective amount of one or
more therapeutic agents or therapeutic treatments selected
from the group consisting of an autophagy inhibitor, a non-
chemotherapeutic agent, a chemotherapeutic agent, an angio-
genesis inhibitor, a bone breakdown inhibitor, an osteoclast or
osteoblast activity inhibitor, and an immune signal modula-
tor.

[0015] Embodiments include tissues wherein, subsequent
to treatment, serotonin is reduced in one or more of platelet
cells, gastrointestinal cells, neural cells, immune cells, bone
marrow microenvironment cells or cancer cells.

[0016] Embodiments include delivering said one or more
compounds in an effective amount to modulate one or more of
bone cell activity, stem cell activity, gastrointestinal cell
activity, cancer cell activity, platelet cell activity, or neural
cell activity.

[0017] Aspects of embodiments include a mammal that
may be a human.

[0018] Embodiments include therapeutically -effective
amounts of one or more compounds that slow or arrest the
growth of bone disease.

[0019] Embodiments include compounds that are indepen-
dently administered orally, topically, subcutaneously,
parenterally, transdermally, mucosally, rectally, intranasally,
via inhalation, via insufflation, via a patch, via application to
the site of the tumor or tumor bed, via installation into a
wound, by buccal, or by sublingual administration.

[0020] Aspects of embodiments include a method of
detecting the presence of bone disease in a mammal by
machine-assaying detectable serotonin in a biological sample
of the mammal, comparing the detectable serotonin in the
biological sample with a positive or negative control; and
identifying the presence of bone disease based on said detect-
able serotonin.
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[0021] Aspects of embodiments include a method of
detecting the presence of bone disease wherein said bone
disease includes one or more of brittle bone disease, multiple
myeloma, osteogenesis imperfecta (OI), osteolytic bone dis-
ease, amyloidosis, monoclonal gammopathy, alterations in
bone marrow hematopoietic precursor cells, myelodysplasia,
or bone metastasis.

[0022] Aspects of embodiments include a method of
detecting the presence of bone disease wherein a biological
sample includes one or more of isolated bone marrow aspi-
rate, isolated bone tissue, isolated blood plasma, isolated
blood serum, isolated blood cells, or isolated whole blood.
[0023] Additional aspects of embodiments include a
method of detecting the presence of bone disease further
comprising treating a mammal based on said identification of
the presence of bone disease.

[0024] Aspects of embodiments include a method of
detecting the presence of bone disease further comprising
regulating bone remodeling in a subject including modulating
serotonin in the subject based on detection.

[0025] An aspect of an embodiment includes a method of
detecting the presence of bone disease in a mammal by assay-
ing and/or performing one or more of post translational modi-
fication of signaling proteins, caspase cleavage, poly (ADP-
ribose) polymerase (PARP) cleavage or dye exclusion/
uptake, reverse phase microarray (RPMA), ELISA, flow
cytometry, Immunohistochemistry, Immunoassay, high reso-
lution mass spectroscopy, suspension bead array, or Western
blot.

[0026] An aspect of an embodiment includes a method of
treating bone disease in a subject by

[0027] administering an autophagy pathway inhibitor and
administering one or more of a serotonin modulator, a
tyrosine kinase inhibitor, an antidepressant, an anti-anxiety
compound, an antiepileptic, a monoamine oxidase inhibitor,
an antibody, a non-chemotherapeutic agent or a bisphospho-
nate wherein the bone disease includes one or more of mono-
clonal gammopathy of unknown significance (MGUS), pre-
malignant bone marrow cells and multiple myeloma.

[0028] An aspect of an embodiment includes a method of
treating bone disease in a subject including wherein an
autophagy pathway inhibitor includes a 4-Amino-quinoline.
[0029] An aspect of an embodiment includes a method of
treating bone disease in a subject including wherein an
autophagy pathway inhibitor includes one or more of a
4-Amino-2-Alkyl-quinoline, a 2-Methyl-quinoline, a
4-Amino-3-Bromo-quinoline, a 4-Amino-3-Chloro-quino-
line, a 4-Amino-6-Bromo-quinoline, a 4-Amino-7-Bromo-
quinoline, or a 4-Amino-8-Bromo-quinoline.

[0030] An aspect of an embodiment includes a method of
treating bone disease in a subject including wherein a bispho-
sphonate includes one or more of alendronate, pamidronate or
zoledronic acid.

[0031] An aspectof an embodiment includes an autophagy
pathway inhibitor that may be chloroquine.

[0032] Teachings include a method oftreating bone disease
including by selecting a patient or subject suffering from or at
risk for bone disease.

[0033] Teachings include machines that are man-made
articles of manufacture.

[0034] Embodiments relate to methods of treating disease
in subjects. Other embodiments relate to articles of manufac-
ture useful in treating disease, methods of making therapeutic
compositions, combinations of therapeutic compositions,
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methods of administering therapeutic compositions, and dos-
ages of therapeutic compositions.

[0035] In an aspect of an embodiment, a process to treat
myelodysplasia includes methods of treating monoclonal
gammopathy of unknown significance (MGUS), processes to
treat multiple myeloma, processes to treat bone dysplasia and
processes to treat abnormalities in bone.

[0036] In one aspect of an embodiment, a process, includ-
ing a process to treat monoclonal gammopathy of unknown
significance (MGUS), may include administering to a patient
a therapeutically effective amount of a quinoline compound
and a tyrosine kinase inhibitor.

[0037] In one aspect of an embodiment, a process, includ-
ing a process to treat monoclonal gammopathy of unknown
significance (MGUS), may include administering to a patient
a therapeutically effective amount of a 4-aminoquinoline
compound and a tyrosine kinase inhibitor.

[0038] In one embodiment, a process to modulate bone
remodeling in a subject may include modulating serotonin in
asubject. In an additional embodiment, said process to modu-
late bone remodeling may include increasing or decreasing
bone density.

[0039] Inanother embodiment, a process to modulate bone
remodeling in a subject may include administering to a sub-
ject a serotonin modulator in an effective amount wherein
serotonin levels in a subject may be modulated. In a further
teaching, a process to modulate bone remodeling produces
plasma concentrations of platelet-derived serotonin. In
another aspect of an embodiment, a process to modulate bone
remodeling in a subject may include administering to a sub-
ject a medicament in an effective amount wherein serotonin
levels in a subject are modulated.

[0040] In still another embodiment a process for modulat-
ing bone dysplasia, bone metastasis, treating monoclonal
gammopathy of unknown significance (MGUS), premalig-
nant bone marrow cells, or treating multiple myeloma may
include administering a serotonin modulator to a subjectin an
effective amount. Said serotonin modulator may include a
tyrosine kinase inhibitor, a selective serotonin reuptake
inhibitor, a heterocyclic antidepressant, a monoamine oxi-
dase inhibitor, an antidepressant, an anti-anxiolytic, an anti-
epileptic, or an antibody.

[0041] In an aspect of an embodiment, an article of manu-
facture may include at least one vessel containing purified
chloroquine and purified HA14-1, instructions for the use of
chloroquine and HA14-1 for the treatment monoclonal gam-
mopathy of unknown significance (MGUS), multiple
myeloma, bone dysplasia and/or abnormalities in bone, the
treatment comprising (a) identifying a patient suspected of
having said disease, and (b) administering an effective
amount of chloroquine and HA 14-1 to the patient.

[0042] In an aspect of an embodiment, an article of manu-
facture may include a label that indicates the contents of the
package may be used to treat at least one of multiple mono-
clonal gammopathy of unknown significance (MGUS), bone
metastasis, multiple myeloma, bone dysplasia and/or abnor-
malities in bone, packaging material, and contained within
the packing material purified chloroquine (or other 4-amino
quinoline), and at least one of a purified tyrosine kinase
inhibitor, a purified selective serotonin reuptake inhibitor
(SSRI), a purified heterocyclic antidepressant, a purified
monoamine oxidase inhibitor, a purified antidepressant, a
purified anti-anxiety compound, a purified anti-epileptic, and
a purified antibody.
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[0043] In an aspect of an embodiment a method of treating
bone disease may include administering a serotonin modula-
tor to a subject. In an aspect of an embodiment, a method may
include treating wherein said treating includes at least one of
increasing bone density, decreasing bone density, maintain-
ing bone density, or regulating elements associated with bone
marrow.

[0044] In an aspect of an embodiment, a method of regu-
lating may include altering at least one of preneoplastic dif-
ferentiation of bone marrow cells, neoplastic angiogenesis of
bone marrow cells, or bone marrow stem cell function.
[0045] In an aspect of an embodiment, a method of regu-
lating may include wherein serotonin modulator alter at least
one of the ratio of serotonin in platelets to plasma, concen-
tration of serotonin in the bone marrow, serotonin receptor
activity of cells within the bone marrow, production of sero-
tonin by cells associated with the bone, intracellular signaling
pathways associated with serotonin.

[0046] Inan aspect of an embodiment, a method of treating
bone disease may include altering at least one of administer-
ing a serotonin modulator to a subject. In a further embodi-
ment the method of treating bone disease may include
wherein said treating comprises at least one of the following
increasing bone density, decreasing bone density, maintain-
ing bone density; and regulating elements associated with
bone marrow.

[0047] In an aspect of an embodiment, a method of regu-
lating may include altering at least one of the following:
preneoplastic differentiation of bone marrow cells, neoplastic
angiogenesis of bone marrow cells, or bone marrow stem cell
function.

[0048] Inan aspect of an embodiment, serotonin modulator
may alter at least one of the ratio of serotonin in platelets to
plasma, concentration of serotonin in the bone marrow, sero-
tonin receptor activity of cells within the bone marrow, pro-
duction of serotonin by cells associated with the bone, intra-
cellular signaling pathways associated with serotonin,
[0049] In an aspect of an embodiment a serotonin modula-
tor may include a least one of a tyrosine kinase inhibitor, a
selective serotonin reuptake inhibitor (SSRI), a heterocyclic
antidepressant, a monoamine oxidase inhibitor, an antide-
pressant, an antianxiety compound, an antiepileptic com-
pound, an antibody

[0050] In an aspect of an embodiment, a monoamine oxi-
dase inhibitor may include a selective monoamine oxidase
inhibitor, a monoamine oxidase A inhibitor, a monoamine
oxidase B inhibitor or a nonselective monoamine oxidase
inhibitor.

[0051] Inan aspect of an embodiment, a method of treating
bone disease may include administering at least one of an
autophagy inhibitor, a non-chemotherapeutic agent, and
angiogenesis inhibitor, a bone breakdown inhibitor, an osteo-
clast or osteoblast activity inhibitor, and an immune signal
modulator.

[0052] An aspect of an embodiment, the method of treating
bone disease may include reducing serotonin from platelet
cells, gastrointestinal cells, neural cells, immune cells, bone
marrow microenvironment cells or cancer cells.

[0053] Inan aspect of an embodiment, a “bone breakdown
inhibitor” may be administered in an effective amount to
modulate at least one of bone cell activity, stem cell activity,
gastrointestinal cell activity, cancer cell activity, platelet cell
activity, and neural cell activity.
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[0054] In a further teaching, a method of treating bone
disease includes bone diseases such as brittle bone disease,
multiple myeloma, osteogenesis imperfecta, osteolytic bone
disease, amyloidosis, monoclonal gammopathy, alterations
in bone marrow hematopoetic precursor cells, and myelod-
ysplasia.

[0055] In still another aspect, a method of treating bone
disease encompasses treating at least one of a chordate, mam-
mal, primate, and human subject.

[0056] Another embodiment may include diagnosing and/
or treating myeloma cells, including wherein said cells are
inhibited, suppressed, or killed to a greater extent as com-
pared to the non-myeloma cells.

[0057] Still another aspect of an embodiment includes a
method of diagnosing a subject for abone disease including at
least the steps of assaying a biological sample of the subject,
determining the amount of serotonin in said biological
sample and determining a disease state based on said amount
of serotonin.

[0058] Still another aspect of an embodiment includes
diagnostic methods wherein said biological sample com-
prises at least one of the bone marrow aspirate, tissue, blood,
serum, whole blood, cells, and blood.

[0059] Still another aspect of an embodiment includes
diagnostic methods including at least the steps of determining
the amount of serotonin in a known normal sample, determin-
ing the amount of serotonin in said biological sample, com-
paring said amount of serotonin in said known normal sample
to the amount of serotonin in said biological sample. In
another aspect of an embodiment, diagnostic methods
include treating a subject based on serotonin level determi-
nation and or modulating serotonin in the subject based on
said diagnosing.

[0060] In a still further teaching, diagnostic methods
include assays evaluating post translational modification of
signaling proteins, caspase cleavage, poly(ADP-ribose) poly-
merase (PARP) cleavage or dye exclusion/uptake.

[0061] According to another aspect of an embodiment,
diagnostic methods may include evaluating methods employ-
ing at least one of reverse phase microarray (RPMA), ELISA,
flow cytometry, Immunohistochemistry, Immunoassay, west-
ern blot, high resolution mass spectroscopy, and suspension
bead array.

[0062] In a further teaching, a method of treating mono-
clonal gammopathy of unknown significance (MGUS), pre-
malignant bone marrow cells or multiple myeloma in a sub-
ject may include treating with an autophagy pathway
inhibitor, and at least one of a tyrosine kinase inhibitor, a
serotonin modulator, an antidepressant, an anti-anxiety com-
pound, an antiepileptic, a monoamine oxidase inhibitor, an
antibody, a non-chemotherapeutic agent and a bisphospho-
nate.

[0063] In afurther teaching, an autophagy pathway inhibi-
tor such as a 4-amino quinoline may be used.

[0064] In a further aspect of an embodiment, treatment
methods may retard the progression from a pre-disease state
to multiple myeloma. In a further teaching, a modulator may
include a least one of a tyrosine kinase inhibitor, a selective
serotonin reuptake inhibitor (SSRI), a heterocyclic antide-
pressant; a monoamine oxidase inhibitor, an antidepressant,
an anti-anxiety compound, an anti-epileptic, and an antibody.
[0065] In a further embodiment, a monoamine oxidase
inhibitor may include at least one of a selective monoamine
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oxidase inhibitor, a monoamine oxidase A inhibitor, a
monoamine oxidase B inhibitor and a nonselective monoam-
ine oxidase inhibitor.

[0066] Anadditional aspect of an embodiment may include
a method of treating bone disease including treating with at
least one of an autophagy inhibitor, a non-chemotherapeutic
agent, an angiogenesis inhibitor, a bone breakdown inhibitor,
a osteoclast or osteoblast activity inhibitor, and an immune
signal modulator.

[0067] In a further aspect of an embodiment, a method of
treating bone disease may include reducing serotonin from at
least one of platelet cells, gastrointestinal cells, neural cells,
immune cells, bone marrow microenvironment cells and can-
cer cells.

[0068] Ina further aspect of an embodiment, administering
a bone breakdown inhibitor may include administering in an
effective amount to modulate at least one of bone cell activity,
stem cell activity, gastrointestinal cell activity, cancer cell
activity, platelet cell activity, and neural cell activity. In a
further aspect of an embodiment, a method of treating bone
disease may include treating at least one of brittle bone dis-
ease, multiple myeloma, osteogenesis imperfecta (OI),
osteolytic bone disease, amyloidosis, monoclonal gammopa-
thy, alterations in bone marrow hematopoetic precursor cells,
and myelodysplasia.

[0069] According to an aspect of an embodiment, the treat-
ment methods may include treating at least one of a chordate,
mammal, primate, and human.

[0070] According to embodiments, myeloma cells are
inhibited, suppressed, or killed to a greater extent as com-
pared to the non-myeloma cells.

[0071] According to embodiments, methods may include
selecting a subject in need of treatment.

[0072] According to embodiments, a method of diagnosing
a subject for a bone disease may include at least one of
assaying a biological sample of the subject, determining the
amount of serotonin in said biological sample, and determin-
ing a disease state based on said amount of serotonin.
[0073] According to embodiments, a biological sample to
be used in a method may include at least one of bone marrow
aspirate, tissue, blood serum, whole blood, cells, and blood.
[0074] According to embodiments, diagnostic methods
include determining the amount of serotonin in a known
normal sample, determining the amount of serotonin in a
biological sample, and comparing said amount of serotonin in
said known normal sample to the amount of serotonin in said
biological sample. According to embodiments, diagnostic
methods further include treating a subject based on said deter-
mination.

[0075] According to embodiments, regulating bone remod-
eling in the subject may include at least one of modulating
serotonin in the subject based on said diagnosing.

[0076] According to embodiments, the assaying step may
include at least one of assays evaluating post translational
modification of signaling proteins, caspase cleavage, poly
(ADP-ribose) polymerase (PARP) cleavage or dye exclusion/
uptake.

[0077] According to embodiments, diagnostic methods
may include at least one or more of evaluating where the
evaluating includes at least one of reverse phase microarray
(RPMA), ELISA, flow cytometry, Immunohistochemistry,
Immunoassay, western blot, high resolution mass spectros-
copy, and suspension bead array.
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[0078] According to embodiments, a method of treating
monoclonal gammopathy of unknown significance (MGUS),
premalignant bone marrow cells or multiple myeloma in a
subject may include at least one of administering an autoph-
agy pathway inhibitor and at least one of a tyrosine kinase
inhibitor, a serotonin modulator, an antidepressant, an anti-
anxiety compound, an antiepileptic, a monoamine oxidase
inhibitor, an antibody, a non-chemotherapeutic agent and a
bisphosphonate.

[0079] In a further teaching, an autophagy pathway inhibi-
tor may be a 4-amino quinoline.

[0080] Ina further teaching, a bisphosphonate may include
at least one of alendronate, pamidronate and zoledronic acid.
[0081] In an aspect of an embodiment, the monoamine
oxidase inhibitor may include at least one of a selective
monoamine oxidase inhibitor, a monoamine oxidase A
inhibitor, a monoamine oxidase B inhibitor or a nonselective
monoamine oxidase inhibitor.

[0082] In an aspect of an embodiment, the method may
include treating with at least one of an autophagy inhibitor,
and angiogenesis inhibitor, a bone breakdown inhibitor, an
osteoclast or osteoblast activity inhibitor, and in immune
signal modulator.

[0083] Inan aspect of an embodiment, a kit may include a
vessel or vessels containing purified 4-amino quinoline (for
example chloroquine) and at least one of at least one of a
purified tyrosine kinase inhibitor, a purified selective seroto-
nin reuptake inhibitor (SSRI), a purified heterocyclic antide-
pressant, a purified monoamine oxidase inhibitor, purified an
antidepressant, a purified anti-anxiety compound, a purified
anti-epileptic, and a purified antibody.

[0084] In a further teaching, a method of treating may
include a route of administration wherein said route of the
administration may include at least one of intramuscular,
transdermally, transmucossally, rectally, orally, via nasal
insufflation, intravenous administration, and via cerebrospi-
nal fluid or lumbar injection.

[0085] According to an additional embodiment, the form of
the medicament may include at least one of a lotion, patch,
injectable, tablet, or nasal spray.

[0086] In an additional embodiment, chloroquine analogs
may include at least one of Chloroquine (CQ), 7-chloro-4-
[[4-(diethylamino)-1-methylbutyl]amino] quinoline phos-
phate (1:2), Chloroquine Phosphate, USP, Qualiquin (Qui-
nine), Plaquenil (hydroxychloroquine), Aralen, Aralen
Phosphate, Lariam, or 4-aminoquinoline compounds.

[0087] According to embodiments, tyrosine kinase inhibi-
tors may include at least one of Azitinib, Bosutinib, Cedi-
ranib, Crizotinib, Damnacanthal, Dasatinib, Erlotnib, Gefi-
tinib, Imatinib, Lapatinib, Lestaurtinib, Neratinib, Nilotinib,
Regorafenib, Ruxolitinb, Semaxanib, Sunitinib, Toceranib,
Tofacitinib, Vandetanib, or Vatalnib.

[0088] According to embodiments, serotonin modulators
may include at least one of selective serotonin reuptake
inhibitors (SSRIs). SSRIs may include at least one of Citalo-
pram, Dapoxetine, Escitalopram, Fluoxetine, Fluoxetine,
Paroxetine, or Sertraline.

[0089] Additional embodiments include tricyclic antide-
pressants (TCAs). TCAs include Amitriptyline, Butripyline,
Clomipramine, Desipramine, Dawsey Letha, Doxepin,
Nortriptyline, Protriptyline, or Trimipramine.

[0090] Inanother embodiment, monoamine oxidase inhibi-
tors (MAOIs) may include at least one of selective monoam-
ine oxidase inhibitors, non-selective monoamine oxidase
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inhibitors, monoamine oxidase-A (MAO-A) inhibitors (Me-
tralindole, Resveratrol, Berberine, Coptisine, Minaprine,
Brofaromine, Toloxatone, Moclobemide, or Pirlindole),
monoamine oxidase-B (MAO-B), inhibitors (Lazabemide,
Pargyline, Rasagiline, or Selegiline), Hydrazines (Benmoxin,
Hydralazine, Iproclozide, Iproniazid, Iprozid, Ipronid, Rivi-
vol, Propilniazida, Isocarboxazid, Isoniazid, Mebanazine,
Nialamide, Octamoxin, Phenelzine, Pheniprazine, Phenox-
ypropazine, Pivalylbenzhydrazine, Procarbazine, Natulan, or
Indicarb, Safrazine), or Non-Hydrazines (Caroxazone, Echi-
nopsidine, Furazolidone, Linezolid (Zyvox, Zyvoxam,
Zyvoxid), or Tranylcypromine).

[0091] In another aspect, monoamine oxidase inhibitors
may include at least one of Valproic Acid, Diazepam, licorice,
Siberian ginseng, Yerba Mate, or Yohimbe.

[0092] Inanotheraspect, serotonin agonists may include at
least one of 5-HT, , agonists (buspirone, gepirone, and tan-
dospirone), 5-HT1B receptor agonists (sumatriptan, rizatrip-
tan, and naratriptan), 5-HT, ,, receptor agonists (sumatriptan,
rizatriptan, and naratriptan), 5-HT, . receptor agonist (Las-
miditan), 5-HT, , receptor agonists (LSD, mescaline, psilo-
cin, DMT, and 2C-B), 5-HT, - receptor agonists (Lorcaserin),
5-HT, receptor agonist, and 5-HT), receptor agonists.

[0093] In another aspect, serotonin antagonists may
include at least one of 5-HT1A antagonists, 5-HT'1B receptor
antagonists, 5-HT1D receptor antagonists, 5S-HT1F receptor
antagonists, S-HT2A receptor antagonists, S-HT2C receptor
antagonists, 5-HT4 receptor antagonists, and 5-HT7 receptor
antagonists.

[0094] According to embodiments, at least one process
may include at least one of selecting or identifying a patient in
need of treatment. According to embodiments a patient in
need of treatment may be selected or identified as a patient
presently diagnosed as having monoclonal gammopathy of
unknown significance, premalignant bone, multiple
myeloma, bone dysplasia, myeloma, amyloidosis, or myelo-
dysplasia. According to embodiments, patients presently
diagnosed may be diagnosed or identified via methods well
known the skilled artisans. Such methods well known to
skilled artisans may include physical examination, immuno-
logical detection methods, polymerase chain reaction (PCR)-
based methods, reverse transcriptase-PCR (RT-PCR)-based
methods, Southern, Northern, or Western analysis, flow
cytometry, reverse phrase protein microarray (RPMA), pro-
teomics, genomics, radiological testing processes or combi-
nations thereof.

[0095] Embodiments may include at least one of methods
of treating monoclonal gammopathy of unknown signifi-
cance (MGUS). Additional embodiments include methods of
treating multiple myeloma. Still other embodiments may
include at least one of methods of treating myelodysplasia.
[0096] In another embodiment, potential therapeutics may
include at least one of molecular inhibitors (e.g. Sunitinib,
Dasatinib, Erlotinib), chemotherapeutics (e.g. Dexametha-
sone, Rapamycin, Bel-2 inhibitor), or exogenous ligands
(e.g. SCF, IGF-1 and/or cytokines (e.g. IL-6). Ideally, the
potential therapeutics may target a wide range of growth,
prosurvival, autophagy and angiogenesis-related pathways.
Exemplary candidate therapeutics may include at least one of
Avastin (bevacizumab), Gleevec (imatinib), Lapatinib,
Iressa, Tarceva, Sutent (Sunitinib), Dasatinib (Sprycel),
Nexavar (Sorafenib), Revlimid, Cucurbitacin I, A77 1726,
AG 490, AG 1296, AGL 2043, Ber-abl inhibitor, HNMPA-
(AM)3, IGF-IR inhibitor, Lck inhibitor, LFM-A13, TGFf
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inhibitor, CD20 antibody, Bortezomib, Carfilzomib, Chloro-
quine, Dasatinib, Dexamethasone, Erlotinib, Gefitinib, BCL-
inhibitor, Honokiol, IGF-IR inhibitor II, Imatinib, Lapatinib,
Mekl & 2 inhibitor, Melatonin, Midostaurin, Nilotinib, NVP-
TKI258-CU-2, Nilotinib, Panobinostat, RAD, Rapamycin,
Resveratrol, Sorafenib, Sunitinib, IL-6 ligand, IGF-1 ligand
and SCF/C-kit ligand.

[0097] In another embodiment, a method of treating bone
disease in a subject may include at least one of administering
a serotonin modulator to a subject alone or in combination
with other therapies.

[0098] In another embodiment, regulating elements resid-
ing in the bone marrow may include altering the proliferation,
genetic stability, survival, and/or function of cellular ele-
ments residing in bone or bone marrow.

[0099] In another embodiment, treating may include regu-
lating bone, for example bone cells, bone marrow cells, bone
stroma, gut cells, platelet cells, brain cells, and ventromedial
cells.

[0100] In another embodiment, modulating of serotonin
may include at least one of administering a serotonin modu-
lator in an effective amount to modulate serotonin levels or
the effects mediated by serotonin.

[0101] In another embodiment, serotonin modulators may
include at least one of bone breakdown inhibitors, and inhibi-
tors that modulate osteoclast and osteoblast activity.

[0102] In another embodiment, serotonin modulators may
include at least one of a tyrosine kinase inhibitor, a selective
serotonin reuptake inhibitor (SSRI), a heterocyclic antide-
pressant, a monoamine oxidase inhibitor, an antidepressant,
an anti-anxiety compound, an anti-epileptic and an antibody.
[0103] In another embodiment, treating may include treat-
ing with at least one of an agent that modulates the signaling
pathways associated with the action of serotonin, an agent
that may be synergistic or an agent that may be additive with
serotonin modulation.

[0104] Inanother embodiment, cells may be regulated by at
least one of preneoplastic differentiation, neoplastic angio-
genesis or stem cell function. For example, bone marrow stem
cell function includes differentiation of pre-osteoblasts into
osteoblasts.

[0105] In another embodiment, regulating elements resid-
ing in the bone marrow may include at least one of altering the
proliferation, genetic stability, survival, and/or function of
cellular elements residing in bone or bone marrow.

[0106] Inanother embodiment, preneoplastic and neoplas-
tic disease of the bone may be treated by at least one of
modulation of the bone neuro-endocrine axis.

[0107] In another embodiment, treatment of bone disease
may include treatment that blocks at least one member of the
autophagy pathway in order to modulate autophagy regula-
tion.

[0108] In an embodiment, a 4-amino-quinoline may
include at least one 2-alkyl-quinoline. In a further embodi-
ment, at least one 2-alkyl-quinoline may include at least one
of'4-amino-6,8-difluoro-2-methylquinoline, 4-amino-5,8-di-
fluoro-2-methylquinoline,  4-amino-5,7-difluoro-2-meth-
ylquinoline, 4-Amino-2-propylquinoline, 4-Amino-7-meth-
oxy-2-propylquinoline, 4-Amino-8-methoxy-2-
propylquinoline, 4-Amino-6-fluoro-2-propylquinoline,
4-Amino-7-fluoro-2-propylquinoline, 4-Amino-8-fluoro-2-
propylquinoline, 4-Amino-6-chloro-2-propylquinoline,
4-Amino-7-chloro-2-propylquinoline, 4-Amino-8-chloro-2-
propylquinoline, 4-Amino-6-bromo-2-propylquinoline,
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4-Amino-7-bromo-2-propylquinoline, 4-Amino-8-bromo-2-
propylquinoline, 4- Amino-2-propyl-6-trifluorometh-
ylquinoline, 4-Amino-2-propyl-7-trifluoromethylquinoline,
4-Amino-2-propyl-8-trifluoromethylquinoline, 4-Amino-5,
7-dichloro-2-propylquinoline, 4-Amino-5,8-dichloro-2-pro-
pylquinoline, 4-Amino-6,7-dichloro-2-propylquinoline,
4-Amino-6,8-dichloro-2-propylquinoline, 4-Amino-7,8-
dichloro-2-propylquinoline, 4-Amino-5-chloro-8-methyl-2-
propylquinoline, 4- Amino-6-chloro-8-methyl-2-propy-
Iquinoline, 4-Amino-7-chloro-8-methyl-2-propylquinoline,
4-Amino-8-chloro-6-methyl-2-propylquinoline, 4- Amino-2-
methyl-6-trifluoromethoxyquinoline, 4-Amino-2-methyl-7-
triftuioromethoxyquinoline,  4-Amino-2-methyl-8-trifluo-
romethoxyquinoline, 4-Amino-7,8-difluoro-2-
methylquinoline, 4-Amino-6-bromo-2,8-dimethylquinoline,
4-Amino-7-bromo-2,8-dimethylquinoline, 4-Amino-8-
bromo-2,6-dimethylquinoline, 4-Amino-5-chloro-8-meth-
oxy-2-methylquinoline,  4-Amino-6-chloro-8-methoxy-2-
methylquinoline, 4- Amino-8-chloro-5-methoxy-2-
methylquinoline, 4-Amino-8-bromo-2-methylquinoline,
4-Amino-6-bromo-2-methylquinoline, 4-Amino-2-propyl-
6-trifluoromethoxyquinoline, 4-Amino-2-propyl-7-trifluo-
romethoxyquinoline, 4- Amino-6,8-dibromo-2-methylquino-
line, 4-Amino-2-propyl-8-trifluoromethoxyquinoline,
4-Amino-2,6-dimethylquinoline, 4-Amino-6,8-difluoro-2-
propylquinoline, 4-Amino-2,8-dimethylquinoline, 4- Amino-
7,8-difluoro-2-propylquinoline,  4-Amino-6-bromo-8-me-
thyl-2-propylquinoline, 4-Amino-7-bromo-8-methyl-2-
propylquinoline, 4-Amino-7-bromo-6-methyl-2-
propylquinoline, 4-Amino-6-fluoro-2-methylquinoline,
4-Amino-8-bromo-6-methyl-2-propylquinoline, 4-Amino-
6-chloro-8-methoxy-2-propylquinoline, 4-Amino-8-chloro-
5-methoxy-2-propylquinoline, 4-Amino-6-methoxy-2-me-

thylquinoline, 4-Amino-2-methyl-8-(trifluoromethyl)
quinolone, 4-Amino-2-methyl-7-(trifluoromethyl)
quinolone, 4-Amino-6,8-dichloro-2-methylquinoline,

4-Amino-7,8-dichloro-2-methylquinoline, 4-Amino-5,7-
dichloro-2-methylquinoline, 4-Amino-5,8-dichloro-2-meth-
ylquinoline, 4-Amino-2,5,7-trimethylquinoline, 4-Amino-2,
5,8-trimethylquinoline, 4-Amino-2,6,8-trimethylquinoline,
4-Amino-2,7,8-trimethylquinoline,  4-Amino-2-methyl-6-
trifluvoromethylquinoline,  4-Amino-5-chloro-2,8-dimeth-
ylquinoline, 4-Amino-6,7-dichloro-2-methylquinoline,
4-Amino-6-chloro-2,8-dimethylquinoline, 4- Amino-6-
chloro-2-methylquinoline, 4-Amino-6-ethoxy-2-meth-
ylquinoline, 4-Amino-6-ethyl-2-methylquinoline, 4- Amino-
7-bromo-2-methylquinoline, 4-Amino-7-chloro-2 8-
dimethylquinoline, 4-Amino-7-chloro-2-methylquinoline,
4-Amino-7-fluoro-2-methylquinoline, 4-Amino-7-methoxy-
2-methylquinoline, 4-Amino-8-chloro-2,6-dimethylquino-
line, 4-Amino-8-chloro-2-methylquinoline, 4-Amino-8-
ethyl-2-methylquinoline, 4- Amino-8-fluoro-2-

methylquinoline, and 4-Amino-8-methoxy-2-
methylquinoline.
[0109] In an embodiment, a 4-amino-quinoline may

include at least one 2-Methyl-quinoline. In a further embodi-
ment, at least one 2-Methyl-quinoline may include at least
one of 4-amino-6,8-difluoro-2-methylquinoline, 4-amino-5,
8-difluoro-2-methylquinoline, 4-amino-5,7-difluoro-2-me-
thylquinoline, 4-Amino-2-methyl-6-trifluoromethoxyquino-
line, 4-Amino-2-methyl-7-trifluoromethoxyquinoline,
4-Amino-2-methyl-8-trifluoromethoxyquinoline, 4-Amino-
7,8-difluoro-2-methylquinoline, 4-Amino-6-bromo-2,8-
dimethylquinoline, 4-Amino-7-bromo-2,8-dimethylquino-
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line, 4-Amino-8-bromo-2,6-dimethylquinoline, 4- Amino-5-
chloro-8-methoxy-2-methylquinoline, 4-Amino-6-chloro-8-
methoxy-2-methylquinoline, 4-Amino-8-chloro-5-methoxy-
2-methylquinoline, 4-Amino-8-bromo-2-methylquinoline,
4-Amino-6-bromo-2-methylquinoline, 4-Amino-6,8-di-
bromo-2-methylquinoline, 4-Amino-2,6-dimethylquinoline,
4-Amino-2,8-dimethylquinoline, 4-Amino-6-fluoro-2-meth-
ylquinoline, 4-Amino-6-methoxy-2-methylquinoline,
4-Amino-2-methyl-8-(trifluoromethyl)quinolone, 4-Amino-
2-methyl-7-(trifluoromethyl)quinolone, 4-Amino-6,8-
dichloro-2-methylquinoline, 4-Amino-7,8-dichloro-2-meth-
ylquinoline, 4-Amino-5,7-dichloro-2-methylquinoline,
4-Amino-5,8-dichloro-2-methylquinoline, 4-Amino-2,5,7-
trimethylquinoline, 4-Amino-2,5,8-trimethylquinoline,
4-Amino-2,6,8-trimethylquinoline, 4-Amino-2,7 8-trimeth-
ylquinoline, 4-Amino-2-methyl-6-trifluoromethylquinoline,
4-Amino-5-chloro-2,8-dimethylquinoline, 4-Amino-6,7-
dichloro-2-methylquinoline, 4-Amino-6-chloro-2,8-dimeth-
ylquinoline, 4- Amino-6-chloro-2-methylquinoline,
4-Amino-6-ethoxy-2-methylquinoline, 4-Amino-6-ethyl-2-
methylquinoline, 4- Amino-7-bromo-2-methylquinoline,
4-Amino-7-chloro-2,8-dimethylquinoline, 4-Amino-7-
chloro-2-methylquinoline, 4-Amino-7-fluoro-2-meth-
ylquinoline, 4-Amino-7-methoxy-2-methylquinoline,
4-Amino-8-chloro-2,6-dimethylquinoline, 4-Amino-8-
chloro-2-methylquinoline, 4- Amino-8-ethyl-2-methylquino-
line, 4-Amino-8-fluoro-2-methylquinoline, and 4-Amino-8-
methoxy-2-methylquinoline.

[0110] In an embodiment, a 4-amino-quinoline may
include at least one 3-Bromo-quinoline. In a further embodi-
ment, at least one 3-Bromo-quinoline may include at least one
of 4-Amino-3-bromoquinoline, 4-Amino-3-bromo-6-meth-
ylquinoline, 4- Amino-3-bromo-7-methylquinoline,
4-Amino-3-bromo-8-methylquinoline, 4-Amino-3-bromo-
6-ethylquinoline, 4- Amino-3-bromo-8-ethylquinoline,
4-Amino-3-bromo-6-methoxyquinoline, 4-Amino-3-bromo-
7-methoxyquinoline, 4-Amino-3-bromo-8-methoxyquino-
line, 4-Amino-3-bromo-6-ethoxyquinoline, 4-Amino-3-
bromo-6-fluoroquinoline, 4-Amino-3-bromo-7-
fluoroquinoline, 4-Amino-3-bromo-8-fluoroquinoline,
4-Amino-3-bromo-6-chloroquinoline, 4-Amino-3-bromo-8-
chloroquinoline, 4-Amino-3,6-dibromoquinoline, 4-Amino-
3,7-dibromoquinoline, 4-Amino-3,8-dibromoquinoline,
4-Amino-3-bromo-6-trifluoromethylquinoline, 4-Amino-3-
bromo-7-trifluoromethylquinoline, 4-Amino-3-bromo-8-tri-
fluoromethylquinoline, 4-Amino-3-bromo-6-trifluo-
romethoxyquinoline, 4-Amino-3-bromo-7-
trifluoromethoxyquinoline, 4-Amino-3-bromo-8-
trifluoromethoxyquinoline, 4-Amino-3-bromo-5,7-

dimethylquinoline, 4-Amino-3-bromo-5,8-
dimethylquinoline, 4-Amino-3-bromo-6,7-
dimethylquinoline, 4-Amino-3-bromo-6,8-
dimethylquinoline, 4-Amino-3-bromo-7,8-
dimethylquinoline, 4-Amino-3-bromo-5,7-

difluoroquinoline, 4-Amino-3-bromo-5,8-difluoroquinoline,
4-Amino-3-bromo-6,8-difluoroquinoline, 4-Amino-3-
bromo-7,8-difluoroquinoline, 4-Amino-3-bromo-5,7-
dichloroquinoline,  4-Amino-3-bromo-5,8-dichloroquino-
line, 4-Amino-3-bromo-6,7-dichloroquinoline, 4-Amino-3-
bromo-6,8-dichloroquinoline, 4-Amino-3-bromo-7,8-

dichloroquinoline, 4-Amino-3-bromo-5-chloro-8-
methylquinoline, 4-Amino-3-bromo-6-chloro-8-
methylquinoline, 4-Amino-3-bromo-7-chloro-8-
methylquinoline, 4-Amino-3-bromo-8-chloro-6-
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methylquinoline, 4-Amino-3,6-dibromo-8-methylquinoline,
4-Amino-3,7-dibromo-6-methylquinoline, 4-Amino-3,7-di-
bromo-8-methylquinoline, 4-Amino-3,8-dibromo-6-meth-
ylquinoline, 4-Amino-3-bromo-5-chloro-8-methoxyquino-
line, 4-Amino-3-bromo-6-chloro-8-methoxyquinoline, and
4-Amino-3-bromo-8-chloro-5-methoxyquinoline.

[0111] In an embodiment, a 4-amino-quinoline may
include at least one 3-Chloro-quinoline. In a further embodi-
ment, at least one 3-Chloro-quinoline may include at least one
3-Bromo-quinoline 4-Amino-3-chloroquinoline, 4-Amino-
3-chloro-6-methylquinoline, 4-Amino-3-chloro-7-meth-
ylquinoline, 4-Amino-3-chloro-8-methylquinoline,
4-Amino-3-chloro-6-ethylquinoline, 4-Amino-3-chloro-8-
ethylquinoline, 4-Amino-3-chloro-6-methoxyquinoline,
4-Amino-3-chloro-7-methoxyquinoline, 4-Amino-3-chloro-
8-methoxyquinoline, 4-Amino-3-chloro-6-ethoxyquinoline,
4-Amino-3-chloro-6-fluoroquinoline, 4-Amino-3-chloro-7-
fluoroquinoline, 4-Amino-3-chloro-8-fluoroquinoline,
4-Amino-3,6-dichloroquinoline, 4-Amino-3,8-dichloro-
quinoline, 4-Amino-6-bromo-3-chloroquinoline, 4-Amino-
7-bromo-3-chloroquinoline,  4-Amino-8-bromo-3-chloro-
quinoline,  4-Amino-3-chloro-6-triffuoromethylquinoline,
4-Amino-3-chloro-7-trifluoromethylquinoline, 4-Amino-3-
chloro-8-trifluoromethylquinoline, 4-Amino-3-chloro-6-trif-
luoromethoxyquinoline, 4-Amino-3-chloro-7-trifluo-

romethoxyquinoline, 4-Amino-3-chloro-8-
trifluvoromethoxyquinoline, 4-Amino-3-chloro-5,7-
dimethylquinoline, 4-Amino-3-chloro-5,8-
dimethylquinoline, 4-Amino-3-chloro-6,7-
dimethylquinoline, 4-Amino-3-chloro-6,8-
dimethylquinoline, 4-Amino-3-chloro-7,8-
dimethylquinoline, 4-Amino-3-chloro-5,7-

difluoroquinoline, 4-Amino-3-chloro-5,8-difluoroquinoline,
4-Amino-3-chloro-6,8-difluoroquinoline, 4- Amino-3-
chloro-7,8-difluoroquinoline, 4-Amino-3,5,7-trichloro-
quinoline, 4-Amino-3,5,8-trichloroquinoline, 4-Amino-3,6,
7-trichloroquinoline, 4-Amino-3,6,8-trichloroquinoline,
4-Amino-3,7,8-trichloroquinoline, 4-Amino-3,5-dichloro-8-
methylquinoline, 4-Amino-3,6-dichloro-8-methylquinoline,
4-Amino-3,7-dichloro-8-methylquinoline, 4-Amino-3,8-
dichloro-6-methylquinoline, 4-Amino-6-bromo-3-chloro-8-

methylquinoline, 4-Amino-7-bromo-3-chloro-6-meth-
ylquinoline, 4-Amino-7-bromo-3-chloro-8-
methylquinoline, 4-Amino-8-bromo-3-chloro-6-
methylquinoline, 4-Amino-3,5-dichloro-8-
methoxyquinoline, 4-Amino-3,6-dichloro-8-
methoxyquinoline, and 4-Amino-3,8-dichloro-5-
methoxyquinoline.

[0112] In an embodiment, a 4-amino-quinoline may

include 6-Bromo-quinolines. In a further embodiment,
6-Bromo-quinolines may include at least one of 4-Amino-6-
bromo-2-phenylquinoline, 4-Amino-6-bromo-2-propy-
Iquinoline, 4- Amino-6-bromo-8-methylquinoline, 4- Amino-
6-bromo-7-methylquinoline, 4-Amino-6-bromo-2,8-
dimethylquinoline, 4-Amino-6-bromo-8-methyl-2-
phenylquinoline, 4-Amino-6-bromo-2-methylquinoline,
4-Amino-6,8-dibromo-2-methylquinoline, 4- Amino-6-
bromo-8-methyl-2-propylquinoline, 4-Amino-3,6-dibromo-
quinoline, 4-Amino-6-bromo-3-chloroquinoline, 4-Amino-
3,6-dibromo-8-methylquinoline, 4-Amino-6-bromo-3-
chloro-8-methylquinoline, 4-Amino-6-bromoquinoline-3-
carboxylic acid ethyl ester, 4-Amino-6-bromo-8-
methylquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
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bromoquinoline-3-carboxylic acid, 4-Amino-6-bromo-8-
methylquinoline-3-carboxylic  acid, and 4-Amino-6-
bromoquinoline.

[0113] In an embodiment, a 4-amino-quinoline may
include at least one 7-Bromo-quinoline. In a further embodi-
ment, at least one 7-Bromo-quinoline may include at least one
of  4-Amino-7-bromo-2-phenylquinoline,  4-Amino-7-
bromo-2-propylquinoline, 4-Amino-7-bromo-8-meth-
ylquinoline, 4- Amino-7-bromo-6-methylquinoline,
4-Amino-7-bromo-2,8-dimethylquinoline, 4-Amino-7-
bromo-8-methyl-2-phenylquinoline, 4-Amino-7-bromo-6-
methyl-2-phenylquinoline, 4-Amino-7-bromo-8-methyl-2-
propylquinoline, 4-Amino-7-bromo-6-methyl-2-
propylquinoline, 4-Amino-3,7-dibromoquinoline, 4-Amino-
7-bromo-3-chloroquinoline, 4-Amino-3,7-dibromo-6-
methylquinoline, 4-Amino-7-bromo-3-chloro-6-
methylquinoline, 4-Amino-3,7-dibromo-8-methylquinoline,
4-Amino-7-bromo-3-chloro-8-methylquinoline, 4- Amino-7-
bromo-8-methylquinoline-3-carboxylic acid ethyl ester,
4-Amino-7-bromo-8-methylquinoline-3-carboxylic  acid,
4-Amino-7-bromo-2-methylquinoline, and 4-Amino-7-bro-
moquinoline.

[0114] In an embodiment, a 4-amino-quinoline may
include at least one 8-Bromo-quinoline. In a further embodi-
ment, at least one 8-Bromo-quinoline may include at least one
of  4-Amino-8-bromo-2-phenylquinoline,  4-Amino-8-
bromo-2-propylquinoline, 4-Amino-8-bromo-6-meth-
ylquinoline, 4-Amino-8-bromo-2,6-dimethylquinoline,
4-Amino-8-bromo-6-methyl-2-phenylquinoline, 4-Amino-
8-bromo-2-methylquinoline, 4- Amino-6,8-dibromo-2-meth-
ylquinoline,  4-Amino-8-bromo-6-methyl-2-propylquino-
line, 4-Amino-3,8-dibromoquinoline, 4-Amino-8-bromo-3-
chloroquinoline, 4-Amino-3,8-dibromo-6-methylquinoline,
4-Amino-8-bromo-3-chloro-6-methylquinoline, 4- Amino-8-
bromoquinoline-3-carboxylic acid ethyl ester, 4-Amino-8-
bromo-6-methylquinoline-3-carboxylic acid ethyl ester,
4-Amino-8-bromoquinoline-3-carboxylic acid, 4-Amino-8-
bromo-6-methylquinoline-3-carboxylic acid, and 4-Amino-
8-bromoquinoline.

[0115] Inanaspectof an embodiment, a 4-amino-quinoline
may include at least one Amino acid. In a further embodi-
ment, at least one Amino acid may include at least one of
4-Aminoquinoline-6-carboxylic acid, 4-Aminoquinoline-7-
carboxylic acid, 4-Aminoquinoline-3-carboxylic acid,
4-Amino-6-methylquinoline-3-carboxylic acid, 4-Amino-8-
methylquinoline-3-carboxylic acid, 4-Amino-6-ethylquino-
line-3-carboxylic acid, 4-Amino-8-ethylquinoline-3-car-
boxylic acid, 4-Amino-6-methoxyquinoline-3-carboxylic
acid, 4-Amino-8-methoxyquinoline-3-carboxylic  acid,
4-Amino-6-ethoxyquinoline-3-carboxylic acid, 4-Amino-6-
fluoroquinoline-3-carboxylic acid, 4-Amino-7-fluoroquino-
line-3-carboxylic acid, 4-Amino-8-fluoroquinoline-3-car-
boxylic acid, 4-Amino-6-chloroquinoline-3-carboxylic acid,
4-Amino-8-chloroquinoline-3-carboxylic acid, 4-Amino-6-
bromoquinoline-3-carboxylic acid, 4-Amino-8-bromoquino-
line-3-carboxylic acid, 4-Amino-6-(trifluoromethyl)quino-
line-3-carboxylic acid, 4-Amino-7-(trifluoromethyl)

quinoline-3-carboxylic acid, 4-Amino-5,7-
dimethylquinoline-3-carboxylic acid, 4-Amino-5,8-
dimethylquinoline-3-carboxylic acid, 4-Amino-6,8-
dimethylquinoline-3-carboxylic acid, 4-Amino-7,8-
dimethylquinoline-3-carboxylic acid, 4-Amino-5,7-
difluoroquinoline-3-carboxylic acid, 4-Amino-5,8-
difluoroquinoline-3-carboxylic acid, 4-Amino-6,8-
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difluoroquinoline-3-carboxylic acid, 4-Amino-7,8-
difluoroquinoline-3-carboxylic acid, 4-Amino-5,7-
dichloroquinoline-3-carboxylic acid, 4- Amino-5,8-
dichloroquinoline-3-carboxylic acid, 4-Amino-6,8-
dichloroquinoline-3-carboxylic acid, 4-Amino-7,8-

dichloroquinoline-3-carboxylic acid, 4-Amino-5-chloro-8-
methylquinoline-3-carboxylic acid, 4-Amino-6-chloro-8-
methylquinoline-3-carboxylic acid, 4-Amino-7-chloro-8-
methylquinoline-3-carboxylic acid, 4-Amino-8-chloro-6-
methylquinoline-3-carboxylic acid, 4-Amino-6-bromo-8-
methylquinoline-3-carboxylic acid, 4-Amino-7-bromo-8-
methylquinoline-3-carboxylic acid, 4-Amino-8-bromo-6-
methylquinoline-3-carboxylic acid, 4-Amino-5-chloro-8-
methoxyquinoline-3-carboxylic acid, and 4-Amino-8-
chloro-5-methoxyquinoline-3-carboxylic acid.

[0116] In an embodiment, a 4-amino-quinoline may
include at least one Amino Ester. In a further embodiment, at
least one Amino Esters may include at least one of 4-Amino-
quinoline-3-carboxylic acid ethyl ester, 4-Amino-6-meth-
ylquinoline-3-carboxylic acid ethyl ester, 4- Amino-8-meth-
ylquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
ethylquinoline-3-carboxylic acid ethyl ester, 4-Amino-8-
ethylquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
methoxyquinoline-3-carboxylic acid ethyl ester, 4- Amino-8-
methoxyquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
ethoxyquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
fluoroquinoline-3-carboxylic acid ethyl ester, 4-Amino-7-
fluoroquinoline-3-carboxylic acid ethyl ester, 4-Amino-8-
fluoroquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
chloroquinoline-3-carboxylic acid ethyl ester, 4-Amino-8-
chloroquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
bromoquinoline-3-carboxylic acid ethyl ester, 4-Amino-8-
bromoquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
(trifluvoromethyl)quinoline-3-carboxylic acid ethyl ester,
4-Amino-7-(trifluoromethyl)quinoline-3-carboxylic  acid
ethyl ester, 4-Amino-8-(trifluoromethyl)quinoline-3-car-
boxylic acid ethyl ester, 4-Amino-5,7-dimethylquinoline-3-
carboxylic acid ethyl ester, 4-Amino-5,8-dimethylquinoline-
3-carboxylic acid ethyl ester, 4-Amino-6,8-
dimethylquinoline-3-carboxylic acid ethyl ester, 4-Amino-7,
8-dimethylquinoline-3-carboxylic acid ethyl ester, 4- Amino-
5,7-difluoroquinoline-3-carboxylic  acid ethyl ester,
4-Amino-5,8-difluoroquinoline-3-carboxylic acid ethyl
ester, 4-Amino-6,8-difluoroquinoline-3-carboxylic acid
ethyl ester, 4-Amino-7,8-difluoroquinoline-3-carboxylic
acid ethyl ester, 4-Amino-5,7-dichloroquinoline-3-carboxy-
lic acid ethyl ester, 4-Amino-5,8-dichloroquinoline-3-car-
boxylic acid ethyl ester, 4-Amino-6,8-dichloroquinoline-3-
carboxylic acid ethyl ester, 4-Amino-7,8-dichloroquinoline-
3-carboxylic acid ethyl ester, 4-Amino-5-chloro-8-
methylquinoline-3-carboxylic acid ethyl ester, 4-Amino-6-
chloro-8-methylquinoline-3-carboxylic acid ethyl ester,
4-Amino-7-chloro-8-methylquinoline-3-carboxylic acid
ethyl ester, 4-Amino-8-chloro-6-methylquinoline-3-car-
boxylic acid ethyl ester, 4-Amino-6-bromo-8-methylquino-
line-3-carboxylic acid ethyl ester, 4-Amino-7-bromo-8-me-
thylquinoline-3-carboxylic acid ethyl ester, 4-Amino-8-
bromo-6-methylquinoline-3-carboxylic acid ethyl ester,
4-Amino-5-chloro-8-methoxyquinoline-3-carboxylic  acid
ethyl ester, and 4-Amino-8-chloro-5-methoxyquinoline-3-
carboxylic acid ethyl ester.

[0117] We have developed methods of ex vivo treatment of
bone marrow aspirate samples (PCT/US2009/004608). We
describe methods to screen a large series of kinase and cell
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signaling inhibitors in fresh, living patient’s myeloma cells
within the tumor microenvironment within 4 hours of collec-
tion. The technology provides a method to magnetically sort,
in a multiplexed high throughput manner, cellular samples
with concomitant analysis of plasma cells and non-plasma
cells. Employing these methods we have compiled drug
inhibitory data for 35 human MM bone marrow aspirate
samples using ex vivo functional screening. This information
has provided insights into new therapies or combinations of
therapies for treatment of MM.

[0118] Bone marrow aspirates were treated with unique
drug combinations of Chloroquine and HA14-1 (Bcl-2
inhibitor), Chloroquine and Rapamycin, or Chloroquine and
tyrosine kinase inhibitors such as Sunitinib/Dasatinib/Lapa-
tinib, etc., permitting the simultaneous evaluation of treat-
ment effects on both myleoma (diseased) and non-diseased
cells (FIG. 4). We were able to measure compensatory up-
regulation of cell signaling pathways by reverse phase protein
microarray as a prognostic indicator of drug resistance/drug
response. In addition, this method allowed the differential
effect of treatment on the CD138+ and non-CD138+ cell
populations to be quantitated. This method may be used at
least for determining toxicity on normal cells in individual
patients for therapeutic decisions.

[0119] We propose at least one means of treating any stage
of multiple myeloma (where the myeloma cells are growth
inhibited, suppressed, or killed, to a greater extent compared
to the non-myeloma cells) with the combination of an autoph-
agy inhibitor with a non-chemotherapeutic agent (such as a
tyrosine kinase inhibitor, small molecule inhibitor or a thera-
peutic antibody with examples listed in Table 1 below). We
also propose the combination of an autophagy inhibitor with
non-chemotherapeutic agents for the treatment of patients
with myeloma pre-cursors diseases, Monoclonal Gammopa-
thy, Multiple Gammopathy of Unknown origin Syndrome
(MGUS), amyloidosis, plasmacytoma, or any other plasma
cell related disease.

[0120] This work can quantitatively measure the phospho-
rylation, cleavage or total forms of kinases, phosphatases and
other cell signaling proteins in bone marrow aspirate and
bone marrow core samples for treatment regimen stratifica-
tion. Specific inhibitors, such as gefitinib, erlotininb, and
surafinib, or combinations of inhibitors with steroids (dexam-
ethasone) and/or autophagy inhibitors can be tested ex vivo
using a patient’s bone marrow aspirate to predict which
patient will respond to a particular therapy or combination.
The multiplexed nature of the reverse phase protein microar-
ray technology permits quantitative measurement of multiple
cell signaling proteins. This work can be used to generate a
functional multiple myeloma or leukemia classifier based on
drug target activation and test the hypothesis that cell signal-
ing activation portraits can predict a priori which targeted
therapies will best cause cell death.

[0121] This work can provide simultaneous assessments of
treatment effects on diseased and non-diseased cell popula-
tions. For example, Non-plasma cells and plasma (myeloma)
cells can be concomitantly studied for therapeutic efficacy for
an individual patient. Analysis of both diseased and non-
diseased cell populations, under the same conditions, with the
same treatments, can be used to predict potential toxicity as
well as efficacy.

[0122] The biologic mechanisms involved in the pathogen-
esis of multiple myeloma (MM)-induced osteolytic bone dis-
ease are complex. Physiological interactions between the
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serotoninergic and skeletal systems are implicated by clinical
observations [1]. The RPMA used in this invention has
revealed a new role for serotonin signaling in myeloma/
MGUS osteolytic bone disease.

[0123] We propose at least one means of individualizing
treatment for bone disease including primary and metastatic
neoplasia, or treating or preventing osteolytic bone disease
which comprises a serotonin modulator alone, or in combi-
nation with, an autophagy inhibitor and/or a non-chemothera-
peutic agent (examples listed in Table 1 below).

[0124] The monoamine serotonin [S-hydroxytryptamine
(5-HT)] has previously been investigated as a neurotransmit-
ter, synthesized by a two-step pathway in which tryptophan
hydroxylase is the rate-limiting enzyme. Circulating 5-HT is
principally stored in platelet-dense granules. Aggregated
immunoglobulins derived from all the I1gG subclasses, iso-
lated from healthy controls or myeloma patients, induce
platelet granules release in the absence of antigen or particu-
late matter, in a dose dependent manner [2].

[0125] The brainstem-derived serotonin (BDS) positively
regulates bone mass following binding to 5-HT2C receptors
on ventromedial hypothalamic neurons. This is opposed by
platelet-derived serotonin (PDS) which induces bone lysis
and osteoclast activation.

[0126] Immunoglobulins have been shown to induce plate-
let release a) when participating in immune reactions as anti-
gen-antibody complexes or b) by non-immune mechanisms
such as coating of glass or polymethylmethacrylate beads.
[0127] MM patients with evidence of osteolytic lesions
exhibited an increase in the concentration of serum tryp-
tophan and serotonin [3], while that of tyrosine, dopamine,
and noradrenaline was decreased [3].

[0128] We found that bone marrow cells from patients with
osteolytic multiple myeloma has higher levels of serotonin,
RANK, Arrestin, DKK1 and TNF alpha compared to non-
osteolytic myeloma patients (FIG. 3). Increased circulating-
serotonin levels released from platelets by immunoglobulin
complexes may alter the RANK/RANKL ratio in the BM
environment and promote MM osteolytic lesion.

[0129] These data indicate that the 5-HT system plays an
important role in bone homeostasis through effects on osteo-
clast function and that the serotonin system may be involved
in the pathogenesis of MM-induced bone disease. Therefore
serotonin regulation is a new therapeutic target for preventing
or treating osteolytic bone disease associated with multiple
myeloma or other conditions.

[0130] According to embodiments, bone disease may
include preneoplastic lesions originating in bone marrow,
bone metastasis, monoclonal gammopathy of unknown sig-
nificance (MGUS), brittle bone disease, multiple myeloma,
osteogenesis imperfecta (OI), osteolytic bone disease, amy-
loidosis, alterations of bone marrow hematopoietic precursor
cells, and myelodysplasia.

[0131] According to additional embodiments, cells may
include osteoclasts, osteoblasts, B cells, T cells, macroph-
ages, megakaryocytes, bone marrow stroma stem cells, bone
marrow stem cells, platelets, and white blood cells, blood
vessel associated cells, hematopoetic precursor cells, and
sympathetic and parasympathetic neuronal elements in the
bone.

[0132] Chemical compounds contemplated may include
4-aminoquinolines well known to skilled artisans including
chloroquine, Amodiaquine, quinine, and hydroxychloro-
quine.
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[0133] In this specification, “a” and “an” and similar
phrases are to be interpreted as “at least one” and “one or
more”.

[0134] Thedisclosure of this patent document incorporates
material which is subject to copyright protection. The copy-
right owner has no objection to the facsimile reproduction by
anyone of the patent document or the patent disclosure, as it
appears in the Patent and Trademark Office patent file or
records, for the limited purposes required by law, but other-
wise reserves all copyright rights whatsoever.

[0135] While various embodiments have been described
above, it should be understood that they have been presented
by way of example, and not limitation. It will be apparent to
persons skilled in the relevant art(s) that various changes in
form and detail can be made therein without departing from
the spirit and scope. In fact, after reading the above descrip-
tion, it will be apparent to one skilled in the relevant art(s) how
to implement alternative embodiments. Thus, the present
embodiments should not be limited by any of the above
described exemplary embodiments. In particular, it should be
noted that, for example purposes, the above explanation has
focused on at least the example(s) serotonin modulators.
However, one skilled in the art will recognize that embodi-
ments of the invention could be serotonin agonists, serotonin
antagonists, or both. Additionally, it should be noted that, for
example purposes, the above explanation has focused on at
least the example(s) chloroquine. However, one skilled in the
art will recognize that embodiments of the invention could be
4-aminoquinolines other than chloroquine.

[0136] Inaddition, it should be understood that any figures
which highlight the functionality and advantages, are pre-
sented for example purposes only. The disclosed method is
sufficiently flexible and configurable, such that it may be
utilized in ways other than that shown. For example, the steps
listed in any figure may be re-ordered or only optionally used
in some embodiments.

[0137] Further, the purpose of the Abstract of the Disclo-
sure is to enable the U.S. Patent and Trademark Office and the
public generally, and especially the scientists, engineers and
practitioners in the art who are not familiar with patent or
legal terms or phraseology, to determine quickly from a cur-
sory inspection the nature and essence of the technical dis-
closure of the application. The Abstract of the Disclosure is
not intended to be limiting as to the scope in any way.
[0138] Finally, it is the applicant’s intent that only claims
that include the express language “means for” or “step for”’ be
interpreted under 35 U.S.C. 112, paragraph 6. Claims that do
not expressly include the phrase “means for” or “step for” are
not to be interpreted under 35 U.S.C. 112, paragraph 6.

Example 1
Treating Bone Marrow with 4-Amino Quinolines

[0139] Bone marrow aspirates were treated with unique
drug combinations of Chloroquine and HA14-1 (Bcl-2
inhibitor), Chloroquine and Rapamycin, or Chloroquine and
tyrosine kinase inhibitors such as Sunitinib/Dasatinib/Lapa-
tinib, etc., permitting the simultaneous evaluation of treat-
ment effects on both myeloma (diseased) and non-diseased
cells (FIG. 4).

[0140] Compensatory up-regulation of cell signaling path-
ways was measured by reverse phase protein microarray as a
prognostic indicator of drug resistance. In addition this
method allowed the differential effect of treatment on the
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CD138+ and non-CD138+ cell populations to be quantified.
This method may be used for determining toxicity on normal
cells in individual patients for therapeutic decisions.

Example 2
Measuring the In Vivo State of the Pathway

[0141] Inorder to measure the in vivo state of the pathways
bone marrow biopsies fixed with preservatives that stabilizes
phosphoproteins and permits paraffin embedding without
decalcification. Microdissected cellular subpopulations are
by reverse phrase protein microarray (RPMA).

Example 3

Human Ex-Vivo Efficacy Testing of Serotonin
Modulators in Multiple Myeloma Patients

[0142] Patient selection. A number of human patients were
enrolled in the study. All Multiple Myeloma patients had
measurable disease defined as a monoclonal component
evaluated at serum electrophoresis of at least 1 g/dL of IgG, or
0.5 g/dL of IgA, or urinary excretion of at least 200 mg per
day of a monoclonal light chain. All MGUS (monoclonal
gammopathy of unknown significance) patients had stable
chronic disease with at least two years of follow-up.

[0143] Samples. Samples were collected from patients with
either newly diagnosed or relapsed multiple myeloma or
MGUS. Bone marrow aspirates were collected by needle
aspiration from the posterior iliac crest and placed immedi-
ately into sodium heparin vacutainer (without vacuum). For
sera collection, blood was spun within two hours of collection
at 1600xg for 10 min. at room temperature. Serum was
removed and stored at —80° C. for a maximum of two months.
[0144] Platelets were isolated from EDTA anti-coagulated
whole blood which was spun at 2000xg for 10 min. Platelet
rich plasma was aspirated with a plastic pipette and trans-
ferred into a plastic tube. Platelets were quantified by manual
counting in a hemocytometer. The platelet rich plasma was
washed twice with physiological saline and centrifugation at
2000xg for 10 min., and then resuspended back to the original
volume using distilled water. Platelets were stored at minus
-80° C. for a maximum of two months.

[0145] Plasma cell isolation and protein extraction. CD
138+ cells were separated from the non-CD138+ bone mar-
row microenvironment cells via immunomagnetic sorting
(Stem Cell Technologies human whole blood isolation kit)
(Stem Cell Technologies, Vancouver, Canada). Cells were
incubated with magnetic beads (Stem Cell Technologies)
coated with antibodies against CD138 and positioned directly
on top of a 48 well microtiter plate containing aligned neody-
mium magnets. In this step, the plasma cells attached to the
beads remained on the bottom of the microtiter plate, while
the bone marrow microenvironment elements (not expressing
the CD138 marker) remained in the supernatant. The non-
bound cells were removed by aspiration. The CD138+ cells
were removed from the plate by removing the plate from the
magnetic field and aspirating the cells.

[0146] Reverse protein microarray. 15 core biopsies
obtained from other patients with multiple myeloma at dif-
ferent clinical stages were retrospectively examined for 20
differentiated bone proteins using reverse-phase protein
microarray (RPMA). Core proteins were diluted in protein
extraction buffer and denatured by heating for 5 min. at 100°
C. prior to dilution of the microtiter plate. Serial two-fold
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dilutions of the lysates were printed in duplicate on glass
backed nitrocellulose array slides (Schott) in a dilution curve
representing undiluted lysate, 1:2, 1:4, and negative control
dilutions, using an Aushon 2470 arrayer equipped with 350
um pins. Each spot was printed with approximately 30.0 nl of
the lysate per spot. Slides were stored with desiccant (Drier-
ite, W. A. Hammond, Xenia, Ohio) (minus 20° C. prior to
immunostaining. Immunostaining was performed on an auto-
mated slide stainer according to the manufacturer’s instruc-
tions (Autostainer catalyzed signal amplification (CSA),
Dako, Carpinteria, Calif.). Each slide was incubated with a
single primary antibody at room temperature. Each array was
probed with a single polyclonal or monoclonal primary anti-
body selected from the validated antibodies applied to the
reverse phase protein arrays (see Table 2).

[0147] The negative slide was incubated with antibody
diluent. A secondary antibody used was goat anti-rabbit IgG
heavy plus chain (1:10,000) (Vector Laboratories, Burlin-
game, Calif.). Subsequent protein detection was amplified via
horseradish peroxidase-mediated biotinyl tyramide with
chromogenic detection (Diaminobenzidine) according the
manufacturer’s instructions (Dako). Total protein per
microarray spot was determined with Sypro® Ruby protein
blot stain (Invitrogen). Single-stranded DNA (ssDNA) was,
quantified on an RPMA using an antibody directed against
ssDNA. Arrays were scanned at 600 dpi on a flatbed scanner
(UMAX power look 2000), spot intensity was analyzed with
commercial image software ImageQuant v.5.0, data was nor-
malized, and a standardized single value was generated for
each sample on the array.

[0148] Serotonin detection in peripheral blood. Serotonin
levels in both sera and platelets were detected using a com-
mercial competitive binding enzyme immunoassay kit (sero-
tonin EIA kit, catalog #900-175), according to the manufac-
turer’s procedures. Briefly, controls were prepared according
to the manufacturer’s protocol. Sera were diluted 1:10 and
platelets 1:2 in duplicate.

[0149] Detection of plasma cell serotonin using multiple
myeloma cell line model. RPMI-8226 and U266 myeloma
cell lines were obtained from the American Type Culture
Collection (ATCC, Manassas, Va.) and cultured in RPMI
1640 medium (Invitrogen) with addition of 10% FBS without
antibiotics for 24, 48 and 72 hours in duplicate. Cell super-
natants and cell pellets were collected at each time point.
Cells were counted and extracted in extraction buffer at a
concentration of 1,000,000 cells per 50 ul. Medium alone and
extraction buffer were used as baseline controls. Serotonin
content was measured using 2 different assays: IBL Serotonin
ELISA kit and Reverse Phase Protein Microarray (RPMA).
Newly synthesized serotonin in supernatant samples was
defined as the difference between serotonin content in the
sample and serotonin content in conditioned medium alone.
Newly synthesized serotonin in cell samples was defined as
the difference in serotonin content between the sample and
the extraction buffer. Serotonin content in supernatants and
cells was measured using the IBL Serotonin ELISA kit
according to manufacturer’s directions. Reverse-phase Pro-
tein Microarray: Supernatants and cell samples were printed
in a 4-point 2-fold dilution curve in duplicate on the same
array. One slide was probed with an anti-Serotonin antibody
(Invitrogen) and stained using an HRP immunostaining sys-
tem coupled with a DAB colorimetric dye. The second slide
was probed with only antibody diluent in place of the primary
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antibody, and used as a negative control. Increased levels of
serotonin over time were noted in the conditioned medium
from the myeloma cell lines.

[0150] Determination of bone disease in Multiple
Myeloma patients. Skeletal radiologic surveys were exam-
ined and evaluated for the presence of lytic lesions using the
score previously described by Noonan et al. (Noonan, et al,
2010). Briefly, a score of 0 was assigned to patients with no
evidence of lytic bone disease, 1 to patients with one lesion
less than 1 cm in diameter, 2 to patients with one lesion greater
than 1 cm in diameter, 3 to patients with multiple lesions each
less than 1 cm in diameter, and 4 to patients with multiple
lesions greater than 1 cm in diameter. Patients with lytic bone
disease were found to have a higher content of serotonin
associated with the bone marrow cell aspirate compared to the
patients without active bone disease.

Example 4

Treating Human Bone Disease In Vivo with Seroto-
nin Modulators

[0151] Inorder to treat subjects with bone disease, subjects
are treated with a serotonin modulator in an effective amount.
By way of nonlimiting example, PROZAC® (fluoxetine cap-
sules, USP) is a selective serotonin reuptake inhibitor for oral
administration. It is also marketed for the treatment of pre-
menstrual dysphoric disorder (Sarafem®, fluoxetine hydro-
chloride). It is designated (RMG)-N-methyl-3-phenyl-3-[(c,
a,a-trifluoro-p-tolyl)oxy] propylamine hydrochloride and
has the empirical formula of C17H18F;NO.HCI. Its molecu-
lar weight is 345.79. Each Pulvule® contains fluoxetine
hydrochloride equivalent to 10 mg (32.3 ul), 20 mg (64.7 pl),
or 40 mg (129.3 pl) of fluoxetine. PROZAC WEEKLY™
capsules contain enteric-coated pellets of fluoxetine hydro-
chloride equivalent to 90 mg (291 ul) of fluoxetine. The
Prozac dosage range for the treatment of bone disease may
include from about 20 mg to about 80 mg per day. The Prozac
weekly dosage for the treatment of bone disease may include
about 90 mg (291 umol) of fluoxetine administered once a
week.

Example 5

Treating Human Bone Disease In Vivo with Seroto-
nin Modulators and Other Agents

[0152] Inorder to treat subjects with bone disease, subjects
are treated with a combination of a serotonin modulator and
an autophagy pathway modulator. Serotonin modulators are
known to skilled artisans as set forth hereinabove. By way of
non-limiting example, subjects are treated with a serotonin
modulator and chloroquine. For example, PROZAC® (fluox-
etine capsules, USP) administration includes dosing as set
forth hereinabove. Furthermore, the Prozac dosage range for
the treatment of bone disease includes from about 20 mg to
about 80 mg per day. The PROZAC WEEKLY™ dosage for
the treatment of bone disease includes about 90 mg (291 pul) of
fluoxetine administered once a week.

[0153] Chloroquine phosphate, USP is a 4-aminoquinoline
compound for oral administration. Chloroquine phosphate,
USP, a 4-aminoquinoline, is an antimalarial and amebicidal
drug that inhibits autophagy by preventing the fusion of the
autophagosome with the lysosome. Chemically, it is
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7-chloro-4-[[4-(diethylamino)-1-methylbutyl]amino]quino-
line phosphate (1:2) (C18H26CIN3.2H3P04; Molecular
Weight: 515.86).

[0154] Chloroquine tablets may include tablets that contain
500 mg of Chloroquine phosphate USP, equivalent to 300 mg
Chloroquine base. Chloroquine tablets for the treatment of
bone disease may include tablets that contain about 500 mg of
Chloroquine phosphate USP, equivalent to about 300 mg
Chloroquine base.

[0155] A Chloroquine phosphate dosage is often expressed
in terms of equivalent Chloroquine base. Each 500 mg tablet
of Chloroquine phosphate tablets, USP contains the equiva-
lent of 300 mg. The dosage is preferably calculated by body
weight. 10 mg base per kg (but not exceeding a single dose of
600 mg base). A typical adult dose for the treatment of bone
disease may include a dose of about 500 mg (=300 mg base)
on exactly the same day of each week.

Example 6

Treating Human Bone Disease In Vivo with 4-Amino
Quinolines, Tyrosine Kinase Inhibitors, and Bisphos-
phonates

[0156] This non-limiting prospective example demon-
strates how neoplastic and/or preneoplastic bone disease may
be treated with a combination of agents.

[0157] Patients with neoplastic and/or preneoplastic bone
disease are treated with 4-amino quinolines (for example for
chloroquine), tyrosine kinase inhibitors and bisphospho-
nates. Patients are administered a three drug cocktail com-
prising chloroquine, Prozac, and a bisphosphonate.

[0158] Examples of bisphosphonates are well known to
skilled artisans and include Clodronate. Clodronate may be
administered orally in a dosage of about 1000 to about 4000
mg a day in at least one or two doses. Clodronate may also be
administered orally in a dosage of about 1600 mg to about
2400 mg per day.

[0159] Clodronate may also be administered by intrave-
nous infusion at a dosage of about 300 mg over at least two
hours once a day as needed.

[0160] Treatment with 4-amino quinolines, tyrosine kinase
inhibitors, and bisphosphonates, may also include a step of
selecting patients with at least one of an altered autophagy
pathway, brittle bone disease, multiple myeloma, osteogen-
esis imperfecta, osteolytic bone disease, amyloidosis, mono-
clonal gammopathy, MGUS, alterations in bone marrow
hematopoetic precursor cells, and myelodysplasia.

Example 7

Treating Human Bone Disease with 4-Amino Quino-
lines, Tyrosine Kinase Inhibitors, and Monoamine
Oxidase Inhibitors

[0161] This non-limiting prospective example demon-
strates how neoplastic and/or preneoplastic bone disease may
be treated with a combination of agents.

[0162] Patients with neoplastic and/or preneoplastic bone
disease are treated with 4-amino quinolines (for example for
chloroquine), tyrosine kinase inhibitors and monoamine oxi-
dase inhibitors (for example Phenelzine sulfate). Examples of
monoamine oxidase inhibitors are well known to skilled arti-
sans and may include Phenelzine Sulfate.

[0163] By way ofnonlimiting example, patients are admin-
istered at least three drugs including chloroquine or alterna-
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tively another 4-aminoquinoline, Prozac or alternatively
another serotonin modulator, and a Phenelzine sulfate or
alternatively another monoamine oxidase inhibitor. The dos-
ing for chloroquine and tyrosine kinase inhibitors for the
treatment of bone disease is set forth hereinabove. For the
treatment of bone disease in a subject, Phenelzine sulfate may
be administered orally with a dosage of about 15-90 mg daily
and in keeping with the knowledge of those skilled in the art
regarding the risks associated with monoamine oxidase
inhibitors.

[0164] Treatment with 4-amino quinolines, tyrosine kinase
inhibitors, and monoamine oxidase inhibitors, may also
include a step of selecting patients with at least one of an
altered autophagy pathway, brittle bone disease, multiple
myeloma, osteogenesis imperfecta, osteolytic bone disease,
amyloidosis, monoclonal gammopathy, MGUS, alterations
in bone marrow hematopoetic precursor cells, and myelod-
ysplasia.

TABLE 1

Autophagy combination therapy example agents.

Inhibitors

17-DMAG

8-hydroxy Guanosine

AKT Inhibitor IV

AKT inhibitor X

AKT inhibitor XI

AMPK Inhibitor, Compound C
BAY 11-7082

Ber-abl Inhibitor

Bortezomib

Carfilzomib

Caspase-3 Inhibitor VII
Caspase-8 inhibitor I
Caspase-9 inhibitor I
CGP041251 (Midostaurin)
Chloroquine

Cox II Inhibitor

Dasatinib

Dexamethasone

EGFR inhibitor IT, BIBX1382
EGFR/Erb-2/Erb-4 Inhibitor
ERK inhibitor II, Negative control

ERK inhibitor IIT

erlotinib

FGF/VEGF Receptor Tyrosine Kinase Inhibitor, PD173074
Gefitinib

Glycogen Phosphorylase Inhibitor
Granzyme B inhibitor I

HA14-1

HNMPA-(AM); (Insulin Receptor TKI inhibitor)
Honokoil

HSP90 Inhibitor

IGF-1R Inhibitor IT

IGF-1R PPP

Imatinib

Imatinib

Jak2 Inhibitor IT

Jak3 Inhibitor I

JNK Inhibitor I, (L)-Form

K2529

Lapatinib

LY294002

MAPK Inhibitor PD169316

Mek 1& 2 inhibitor SL327
Melatonin

Melphalan

NVP-BEZ235

NVP-Raf-265

NVP-LBH589

NVP-AMN107 (Nilotinib)
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TABLE 1-continued

Autophagy combination therapy example agents.

Inhibitors

NVP-TKI258-CU-2

PARP Inhibitor XI, DR2313
PD153035 (EGFR Inhibitor)

PD98059 (MEK inhibitor)

PDGF Receptor Tyrosine Kinase Inhibitor I
PI 3-Ka Inhibitor IV

PI 3-Ky Inhibitor II

Proteasome Inhibitor IX, AM114
RADO001

Rapamycin

Resveratrol

Sorafinib

Src Kinase Inhibitor IT

Sunitinib

Terphenyl (FWF416)

VEGF Receptor Tyrosine Kinase Inhibitor ITI, KRN633
‘Wortmannin

ZM 336372 (c-Raf inhibitor)
hydroxychloroquine

3-methyladenie

clomipramine

ethyl pyruvate

glycyrrhizin

Asparagine (Asn)

Leupeptin

Serotonin or serotonin related inhibitor

Serotonin modulator agents such as serotonin reuptake inhibitors, or

serotonin receptor antagonists
Bisphosphonates and other nitrogenous or non-nitrogenous
inhibitors such as Clodronate or Zoledronic Acid

Collagenase inhibitors such as Matrix Metalloproteinase Inhibitors

TABLE 2

List of antibodies to e proteins that can be evaluated by reverse phase

protein microarray.
Post-translationally Modified Proteins

Protein/antibody MW (kDa)
phospho-Tyrosine (P-Y-100) NA
4E-BP1 (S65) 15-20
4E-BP1 (T37/46) 15-20
4E-BP1 (T70) 15-20
4G10 (anti Phosphotyrosine) many
c-Abl (T735) 120
c-Abl (Y245) 135
Acetyl-CoA Carboxylase (S79) 280
Ackl (Y284) 135
Ackl (Y857/858) 135
Adducin (S662) 80, 120,
110
Akt (S473) 60
Akt (S473) 60
Akt1/PKB alpha (S473) (SK703) 60
Akt (T308) 60
ALK (Y1586) 80, 220
AMPKalphal (S485) 62
AMPKBetal (S108) 38
Arrestinl (Beta) (S412) (6-24) 50
ASK1 (S83) 155
ATF-2 (T71) 70
ATF-2 (T69/71) 70
ATP-Citrate Lyase (S454) 125
Aurora A (T288)/B (T232)/C (T198) 35,40, 48
(D13A11)
Bad (S112) 23
Bad (S136)
Bad (S155)
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List of antibodies to e proteins that can be evaluated by reverse phase

protein microarray.

Post-translationally Modified Proteins

List of antibodies to e proteins that can be evaluated by reverse phase

protein microarray.

Post-translationally Modified Proteins

Protein/antibody MW (kDa) Protein/antibody MW (kDa)
Bel-2 (S70) (5H2) 28 IRS-1 (S612) 180
Bel-2 (T56) 28 Jak1 (Y1022/1023) 130
Ber (Y177) 160, 210 Jak2 (Y1007/1008) 125
Caspase-3, cleaved (D175) 17,19 c-Kit (Y703) (D12E12) 145
Caspase-3, cleaved (D175) (5A1) 17,19 c-Kit (Y719) 120, 145
Caspase-6, cleaved (D162) 18 Lamin A, cleaved (D230) 45, 50
Caspase-7, cleaved (D198) 20 Lck (Y505) 56
Caspase-9, cleaved (D315) 35 LIMK1 (T508)/LIMK2 (T505) 72
Caspase-9, cleaved (D330) 17,37 LKBI1 (S334) N/A
Catenin (beta) (S33/37/T41) 85 LKBI (S428) N/A
Catenin (beta) (T41/845) 85 MAPK (pTEpY) 42,44
Chkl1 (S345) 56 MARCKS (S152/156) 80, 87
Chk2 (S33/35) 62 MEKI1 (S298) 45
Cofilin (83) (77G2) 19 MEKY% (8217/221) 45
CREB (S133) 43 Met (Y1234/1235) 145
CREB (S133) (1B6) 43 MSKI1 (8360) 90
CrkII (Y221) 42 Mstl (T183)/Mst2 (T180) 59
CrkL (Y207) 39 mTOR (S2448) 289
Cyclin D1 (T286) 36 mTOR (S2481) 289
EGFR (S1046/1047) 175 NF-kappaB p65 (S536) 65
EGFR (Y845) 175 NPM (T199) 38
EGFR (Y992) 175 p27 (T187) 27
EGFR (Y1045) 175 p38 MAP Kinase (T180/Y182) 40
EGFR (Y1068) 175 P40 phox (T154) 40
EGFR (Y1068) (1H12) 175 p53 (S15) 53
EGFR (Y1148) 175 p70 S6 Kinase (S371) 70, 85
EGFR (Y1148) 185 p70 S6 Kinase (T389) 70, 85
EGFR (Y1173) 175 p70 S6 Kinase (T412) 70
EGFR (Y1173) (9H2) 175 POORSK (S380) 90
EGFR (Y1173) (53A3) 175 PAK1 (S199/204)/PAK2 (S192/197) 61-67, 68-74
elF2alpha (S51) (119A11) 40 PAK1 (T423)/PAK?2 (T402) 61-67, 68-74
eIF4E (S209) 25 PARP, cleaved (D214) 89
eIF4G (S1108) 200 Paxillin (Y118) 68
Elk-1 (S383) 62 PDGF Receptor alpha (Y754) (23B2) 198
eNOS (S113) 140 PDGF Receptor beta (Y716) 190
eNOS (S1177) 140 PDGF Receptor beta (Y751) 190
eNOS/NOS III (S116) 132 PDK1 (S241) 63
ErbB2/HER2 (Y877) 185 PKC alpha (S657) 82
ErbB2/HER2 (Y1248) 185 PKC alpha/beta II (T638/641) 80, 82
ErbB2/HER2 (Y1248) 185 PKC (pan) (betall S660) 78, 80, 82, 85
ErbB2/HER2 (Y1248) 185 PKC delta (T505) 78
ErbB3/HER3 (Y1197) (C56E4) 185 PKC theta (T538) 79
ErbB3/HER3 (Y1289) (21D3) 185 PKC zeta/lambda (T410/403) 76
ERK Y5 (T202/Y204) 42,44 cPLA2 (S505) 110
Estrogen Receptor alpha (S118) 66 PLCgammal (Y783) 155
Estrogen Receptor alpha (S118) (16]4) 66 PLK1 (T210) 68
Etk (Y40) 76 PRAS40 (T246) 40
Ezrin (Y353) 80 PRK1 (T774)/PRK2 (T816) 120, 140
Ezrin (T567)/Radixin (T564)/Moesin (T558) 75, 80 Progesterone Receptor (S190) 90, 118
FADD (S194) 28 PTEN (S380) 54
FAK (Y397) (18) 125 Pyk2 (Y402) 116
FAK (Y576/577) 125 Raf (8259) 74
FKHR (8256) 82 A-Raf (8299) 68
FKHRLLI (S253) 100 B-Raf (S445) 95
FKHR (T24)/FKHRL1 (T32) 68,97 c-Raf (S338) (56A6) 74
alpha-Fodrin, cleaved (D1185) 150 Ras-GRF1 (S916) 155
FRS2-alpha (Y436) 80-85 Rb (S780) 110
Gabl1 (Y627) 110 Ret (Y905) 175
GSK-3alpha (S21) (46H12) 51 RSK3 (T356/S360) 90
GSK-3alpha/beta (S21/9) 46,51 S6 Ribosomal Protein (S235/236) (2F9) 32
GSK-3alpha (Y279)/beta (Y216) 47,51 S6 Ribosomal Protein (S240/244) 32
GSK-3beta (S9) 46 SAPK/INK (T183/Y185) 46, 54
Histone H3 (S10) Mitosis Marker 17 SEK1/MKK4 (S80) 44
Histone H3 (S28) 17 SGK (S78) (D36D11) 54
HSP27 (S82) 27 She (Y317) 46,52, 67
HSP90a (T5/7) 90 SHIP1 (Y1020) 145
IGF-1 Rec (Y1131)/Insulin Rec (Y1146) 90 SHP2 (Y580) 70
IGF-1R (Y1135/36)/IR (Y1150/51) (19H7) 90 Smad1 (S/S)/Smad5 (S/S)/Smad8 (S/S) 60
TkappaB-alpha (S32/36) (SAS) 40 Smad2 (S465/467) 58
IkappaB-alpha (S32/36) (39A1431) 42 Smad2 (8245/250/255) 60
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TABLE 2-continued

protein microarray.
Post-translationally Modified Proteins

List of antibodies to e proteins that can be evaluated by reverse phase

protein microarray.
Post-translationally Modified Proteins

List of antibodies to e proteins that can be evaluated by reverse phase

Protein/antibody MW (kDa) Protein/antibody MW (kDa)
Src Family (Y416) 60 CD24 (FL-80) 45
Src (Y527) 60 CD24 (GPI-linked surface mucin) Ab-2 30-70
Stat1 (Y701) 84,91 (SN3b)

Stat1 (Y701) 92 CD44 (156-3C11) 80
Stat2 (Y690) 113 CD45 (BRA-55) 180-240
Stat3 (S727) 79, 86 CD45 180-220
Stat3 (Y705) (9E12) 92 CD63 (MX-49.129.5) 53
Stat3 (Y705) (D3A7) 79, 86 CD133 (W6B3C1) 120
Stat4 (Y693) 81 CDK2 (78B2) 33
Stat5 (Y694) 90 Cofilin (D59) 19
Stat6 (Y641) 110 Collagen Type I (NFI/20) 70-90
Syk (Y525/526) 72 Complement factor H 150
Tuberin/TSC2 (Y1571) 200 Cox-2 (33) 70
Tyk2 (Y1054/1055) 140 CREB 43
VASP (S157) 51 Cripto 18,20
Vav3 (Y173) 95 Crystallin, alpha/Beta 20
VEGEFR 2 (Y951) 230 Cw/Zn Superoxide Dismutase (SOD) 19/23
VEGFR 2 (Y996) 230 Cyclin A (BF683) 55
VEGFR 2 (Y1175) (19A10) 230 Cyeclin BI (V152) 60
Zap-70 (Y319)/Syk (Y352) 70,72 Cyclin D1 (G124-326) 36
14-3-3 zeta, gamma, eta 27 Cyeclin D1 (DCS6) 36
4E-BP1 15-20 Cytochrome Vb 13.7
Abl SH2 domain 140, 210 Cytochrome C 14
Actin, Beta 45 Cytochrome C oxidoreductase 19.6
Akt 60 Cytokeratin 8 54
Akt2 (5B5) 60 DEPTOR 46
Albumin 67 Destrin 19
Aldehyde Dehydrogenase 1 55 DGK 83
Aldehyde Dehydrogenase (ALDH) 55 DKK1 30,35
Aldehyde Dehydrogenase 2 (ALDH2) 56 Dvli2 (30D2) 90-95
Androgen Receptor 110 Dvl3 88-93
Annexin I 38 EGFR 175
Annexin IT 36 EGFR (L858R Mut-Spec) 175
ANT (N-19) 33 Egrl 85
Apaf-1 130, 140 elF4G 220
APC2 Ab-1 92 eNOS 140
Arrestin Y2, Beta 50 ErbB2/HER2 185
Atg5 55 ErbB2/HER2 (44E7) 185
Atgl2 16,53 c-ErbB2/HER2 185
Aurora A/AIK 48 c-ErbB2 (cytoplasmic domain) (N3/D10) 185
Axinl (C76H11) 110 c-ErbB2/HER2 P185 (e2-4001) 185
Bad 23 ErbB3/HER3 (1B2) 185
Bak 25 ErbB4/HER4 (111B2) 180
Bax 20 ERK Y5 42,44
Bel-2 28 ERK ¥ 3AT7) 42,44
Bel-xL 30 Estrogen Rec alpha (62A3) 66
Beclin-1 60 Estrogen Rec alpha (1D5) 66
Beclin-1 60 FAK 116
Biliverdin Reductase (BVR) 33/41-42 FHL2 44.6
BLVRB (biliverdin reductase B) (2F4) 37 Fibronectin (IST-9) 44,47, 52
Bmi-1 (10C7.2) ~33 Flg (H-76) 110
Bub3 40 GFAP 50
E-Cadherin 135 GRB2 25
N-Cadherin 140 GSK-3beta 46
Calreticulin (FMC 75) 43 HBB (Hemoglobin, beta) 16
CaM Kinase IT 50 Heme-Oxygenase-1 32
Caspase-3 17,19, 35 Heparanase 1 65
Caspase-7 20,35 HIF-1alpha (54) 120
Caspase-8 (1C12) 18,43, 57 Histone Deacetylase 1 (HDAC1) 62
Caspase-8 54,55 Histone Deacetylase 3 (HDAC3) 49
Caspase-9 17,35,37,47 Histone Deacetylase 4 (HDAC4) 140
Catenin(beta) 92 Histone H3, Di-Methy! (Lys9) 15
Cathepsin B (G60) 39-42 Histone H3, Di-Methy!l (Lys27) 15
CCTS5 (Chaperonin Containing TCP1, 60 Histone H3, Pan-Methyl (Lys9) 15
subunit 5) HSP27 Protein 1 27
CD3 epsilon 20-25 HSP70 (C92F3A-5) 70
CD3 zeta (1D4) 21 HSP90 (E289) 90
CD3 zeta (8D3) 16,32 Ig Light Chain, Kappa 25
CDSL 38 IGF-1 Receptor beta 98
CD9 (C-4) 24 IGF1 20
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TABLE 2-continued TABLE 2-continued
List of antibodies to e proteins that can be evaluated by reverse phase List of antibodies to e proteins that can be evaluated by reverse phase
protein microarray. protein microarray.
Post-translationally Modified Proteins Post-translationally Modified Proteins
Protein/antibody MW (kDa) Protein/antibody MW (kDa)
IGFBP7 31 RANKL 28,36
IkappaB-alpha 41 Ras-GRF1 155
IL-6 21-28 Ribosomal Protein L13a 23
IL-8 11 RPE65 (H-85) 65
IL-10 21 S100A7 calcium binding protein 36.85
IL-11 (H-169) 23 SAPK/INK 46, 54
iNOS 130 SDF1Beta 8.5
Insulin Receptor beta (4B8) 95 Serotonin 175
IRS-1 180 SGK1 31, 50
¢-Kit (CD117) 145,125, 95 Skpl 19
LAMP-2 (H4HB4) 120 Smac/Diablo 21
LC3B 14,16 Snail (SN9H2) 29
LC3B (D11) XP 14,16 SOCS3 26
Leck 56 Sox2 35
LDHA 37 ¢-Src (SRC 2) 60
LEDGEF (26) 52/75 ST6GALNACS 38
Lipocalin-1 (H-45) 20 Statl 84,91
LRP6 (C5CT) 180, 210 Stat3 79, 86
Lysine 48-Linkage Specific Polyubiquitin multiple Stat5 (3H7) 90
MARCKS (2F12) ~60 Stat6 110
MEKY> 45 SUMO-1 many
MGMT 21 SUMO-2/3 (18H8) many
MHC class I (F-3) 46 Survivin (71G4) 16
Microglobulin, beta-2 (FL-119) 12 Syndecan-1 (CD138) 90
MMP-9 84,92 Synuclein, a/B (Syn205) 18
MMP-11 55 TGF-Beta (56E4) 12,45-60
MMP-14 54, 66 TIMP2 31
Mn Superoxide Dismutase (SOD) 25 TNF alpha 17
MRPL11 (D68F2) 21 TNF-R1 (C25C1) 55
mTOR 289 TOPK/PKB 40
Musashi 35 Tubulin, alpha (B-5-1-2) 50
c-Myce 57-70 Tubulin, a/B 55
Naked1 (C30F10) 59, 61 UBC3 32
Naked2 (C67C4) 59, 61 Ubiquitin (P4D1) many
Nanog 42 VDACI (N-18) 30-35
NEDDS8 9 VEGF Receptor 2 (55B11) 210, 230
NF-kappaB 75 VHL 24
Nodal (5C3) 42 Vimentin 57,50
Notch 1 130/300 What5a/B (C27ER) 45
Nucleobindin 1 Precursor 54 XIAP Antibody 53
NUMB 70 ZAP-70 (2F3.2) 70
Osteopontin (OPN) 53
pl6 INK4A 16
Kip1/p27 (57) 27 [0165] The following references are included to provide
g;g MAP Kinase ‘512 background information as an aid to explain the embodi-
p62/SQSTMI (5F2) 62 ments:
p70 S6 Kinase 70, 85
PAK2 81 REFERENCES
PCAF (C14G9) 93
PDGF Receptor beta 190 ..
PDGF Recegtor Beta (2B3) 190 [0166] 1. Rosen, Nature Medicine (2009), 15:2, 145-6
PDGF Receptor beta (28E1) 190 [0167] 2.Zimmermann, The Journal of Clinical Investiga-
gEIDDITZ/Eglnl 28 tion (1975), 56, 828-834
PI3-Kinase 85 [0168] 3. Kurup, International Journal of Neuroscience,
PI3-Kinase pl10gamma 110 (2003), 113:9, 1221-1240.
E?CSL ha (M4) ;g [0169] 4. Anderson, L and Seilhamer, J, A comparison of
PLc_gfmm_l 155 selected mRNA and protein abundances in human liver.
PLK1 62 Electrophoresis, 1997. 18(3-4): p. 533-7.
ggig EUE‘“@E 2; [0170] 5. Araujo, R P and Liotta, L A, A control theoretic
PRMT. 4/C1;Ru§/lu 63 paradigm for cell signaling networks: a simple complexity
Proteasome 208 C2 30 for a sensitive robustness. Curr Opin Chem Biol, 2006.
Protein Phosphatase 1 Beta (EP1804Y) 37 ]0(1): p. ’1-7.
o ggggg; 3 [0171] 6. Araujo, R P, Liotta, L A, and Petricoin, E F,
PTEN 54 Proteins, drug targets and the mechanisms they control: the
RANK (H-300) 90 simple truth about complex networks. Nat Rev Drug Dis-

cov, 2007. 6(11): p. 871-80.
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What is claimed is:

1. A method of treating a mammalian patient diagnosed
with bone disease comprising:

a. delivering to the tissues of said patient or administering
to said patient a therapeutically effective amount of one
or more compounds; and

b. wherein said one or more compounds comprises one or
more of a tyrosine kinase inhibitor, a selective serotonin
reuptake inhibitor (SSRI), a heterocyclic antidepressant,
a monoamine oxidase inhibitor, an antidepressant, an
anti-anxiety compound, an anti-epileptic, and an anti-
body.

2. The method of claim 1, wherein said bone disease com-
prises one or more of brittle bone disease, multiple myeloma,
osteogenesis imperfecta (OI), osteolytic bone disease, amy-
loidosis, monoclonal gammopathy, alterations in bone mar-
row hematopoietic precursor cells, myelodysplasia, and bone
metastasis.

3. The method of claim 1, wherein the monoamine oxidase
inhibitor comprises one or more of a selective monoamine
oxidase inhibitor, a monoamine oxidase A inhibitor, a
monoamine oxidase B inhibitor or a nonselective monoamine
oxidase inhibitor.

4. The method of claim 1, further comprising conjoint
administration of a therapeutically effective amount of one or
more therapeutic agents or therapeutic treatments selected
from the group consisting of an autophagy inhibitor, a non-
chemotherapeutic agent, a chemotherapeutic agent, an angio-
genesis inhibitor, a bone breakdown inhibitor, an osteoclast or
osteoblast activity inhibitor, and an immune signal modula-
tor.

5. The method of claim 1, wherein serotonin is reduced in
one or more of platelet cells, gastrointestinal cells, neural
cells, immune cells, bone marrow microenvironment cells or
cancer cells.

6. The method of claim 1, wherein said delivering com-
prises delivering said one or more compounds in an effective
amount to modulate one or more of bone cell activity, stem
cell activity, gastrointestinal cell activity, cancer cell activity,
platelet cell activity, or neural cell activity.

7. The method of claim 1, wherein said mammalian patient
is a human.

8. The method of claim 1, wherein said therapeutically
effective amount of one or more compounds slows or arrests
the growth of said bone disease.

9. The method of claim 1, wherein said one or more com-
pounds are independently administered orally, topically, sub-
cutaneously, parenterally, transdermally, mucosally, rectally,
intranasally, via inhalation, via insufflation, via a patch, via
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application to the site of the tumor or tumor bed, via instal-
lation into a wound, by buccal, or by sublingual administra-
tion.

10. A method of detecting the presence of bone disease in
a mammal comprising:

a. machine-assaying detectable serotonin in a biological

sample of said mammal;

b. comparing the detectable serotonin in said biological

sample with a positive or negative control; and

c. identifying the presence of bone disease based on said

detectable serotonin.

11. The method of claim 10, wherein said bone disease
comprises one or more of brittle bone disease, multiple
myeloma, osteogenesis imperfecta (O1), osteolytic bone dis-
ease, amyloidosis, monoclonal gammopathy, alterations in
bone marrow hematopoietic precursor cells, myelodysplasia,
and bone metastasis.

12. The method of claim 10, wherein said biological
sample comprises one or more of isolated bone marrow aspi-
rate, isolated bone tissue, isolated blood plasma, isolated
blood serum, isolated blood cells, and isolated whole blood.

13. The method of claim 10, further comprising treating
said mammal based on said identification of the presence of
bone disease.

14. The method of claim 10, further comprising regulating
bone remodeling in the subject including modulating seroto-
nin in the subject based on said detecting.

15. The method of claim 10, wherein said assaying com-
prises at least one of:

a. post translational modification of signaling proteins;

b. caspase cleavage;

c. poly(ADP-ribose) polymerase (PARP) cleavage or dye

exclusion/uptake;

d. reverse phase microarray (RPMA);

e. ELISA;

f. flow cytometry;

g. Immunohistochemistry;

h. Immunoassay;

i. high resolution mass spectroscopy;

j. suspension bead array; and

k. Western blot.

16. A method of treating bone disease, in a subject, com-
prising:

a. administering an autophagy pathway inhibitor; and

b. administering one or more of a serotonin modulator, a

tyrosine kinase inhibitor, an antidepressant, an anti-
anxiety compound, an antiepileptic, a monoamine oxi-
dase inhibitor, an antibody, a non-chemotherapeutic
agent or a bisphosphonate; and

c¢. wherein the bone disease may be one or more of mono-

clonal gammopathy of unknown significance (MGUS),
premalignant bone marrow cells and multiple myeloma.

17. The method of claim 16, wherein said autophagy path-
way inhibitor comprises a 4-Amino-quinoline.

18. The method of claim 16, wherein said autophagy path-
way inhibitor comprises a 4-Amino-2-Alkyl-quinoline, a
2-Methyl-quinoline, a 4-Amino-3-Bromo-quinoline, a
4-Amino-3-Chloro-quinoline, a 4-Amino-6-Bromo-quino-
line, a 4-Amino-7-Bromo-quinoline, or a 4-Amino-8-
Bromo-quinoline.

19. The method of claim 16, wherein said bisphosphonate
comprises one or more of alendronate, pamidronate or
zoledronic acid.

20. The method of claim 16, wherein said autophagy path-
way inhibitor comprises chloroquine.
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