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Abstract:
The present disclosure provides methods for treating bone diseases, such as bone cancers, bone

metastasis of cancers, or osteoporosis, by administering a bone-targeting polypeptide conjugate. The
bone-targeting polypeptide conjugate may be a bone-targeting antibody conjugate.
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DESCRIPTION

BONE-SPECIFIC DELIVERY OF POLYPEPTIDES

PRIORITY CLAIM

This application claims benefit of priority to U.S. Provisional Application Serial No.
63/138,972, filed January 19, 2021, the entire contents of which are hereby incorporated by

reference.

STATEMENT REGARDING FEDERALLY SPONSORED

RESEARCH OR DEVELOPMENT

The invention was made with government support under grants W81 XWH-16-1-0073
and W81 XWH-21-1-0789 awarded by the Department of Defense. The government has certain
rights in the invention.

BACKGROUND

1. Field

The disclosure relates generally to the field of molecular biology. More particularly, it
concerns methods of site-specific delivery of an antibody.
2, Related Art

Antibody-based therapies, including those using monoclonal antibodies, antibody-drug
conjugates, bispecific antibodies, checkpoint inhibitors, and others, have realized their clinical
potential in terms of their power to treat a variety of cancers.'™ Nevertheless, despite the fact
that most therapeutic antibodies have high affinities for their targets, the presence of these same
targets in normal tissues can dramatically limit the ability of therapeutic agents to hit their
targets without inducing unacceptable “on-target” toxicity in healthy cells.®~’ Furthermore, low
levels of delivery of therapeutic antibodies to some tissues such as brain or bone can
significantly limit their efficacy in treating diseases in these tissues.® Thus, it is likely that
enhancing both the antigen and tissue specificity of antibodies will ultimately transform the

efficacy of antibody therapy for clinical treatment of cancer.

Half of patients with an initial diagnosis of metastatic breast cancer (BCa) will develop

bone metastases.” Patients having only skeletal metastases usually have a better prognosis than
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patients with vital organ metastases.”'° Furthermore, bone metastasis is associated with severe
symptoms such as spinal cord compression, pathological fractures, and hypercalcemia.'!

1213 effective therapies that can

Despite the deep understanding of molecular mechanisms,
eliminate cancer cells are still lacking.!* Bone is not the final destination of metastatic
dissemination. Recent genomic analyses have revealed frequent “metastasis-to-metastasis”
seeding.!"'7 Over two-thirds of bone-only metastases subsequently develop secondary
metastases to other organs, ultimately leading to the death of patients.”!° In fact, some
metastases initially identified in non-bone organs are actually the result of seeding from sub-
clinical bone micrometastases (BMMs). This apparently is the result of cancer cells initially
arriving in the bone and then acquiring more aggressive phenotypes that allow them to establish
more overt metastases in both bone and other sites.'® Thus, there is an unmet need for strategies

for preventing BMMs from establishing more overt metastases in both bone and non-bone

tissues.

While targeted antibody therapy and immunotherapy are currently emerging as new
avenues for treating metastatic breast cancer, the performance of these agents in patients with
bone metastases has been disappointing. For example, trastuzumab (Herceptin) and
pertuzumab (Perjeta) antibodies targeting human epidermal growth factor receptor 2 (HER2)
have been used to treat patients in adjuvant and metastatic settings. Although many BCa
patients benefit from these treatments, in large numbers of BCa patients with bone metastasis,
the disease progresses within one year and few patients experience prolonged remission.!® 22
In another phase I1I clinical trial testing atezolizumab in patients with metastatic triple-negative
BCa, progression-free survival was significantly longer in the atezolizumab group than in the
placebo group. However, among BCa patients with bone metastases, no significant difference
was observed between the atezolizumab-treated and placebo groups for risk of progression or

death.?’ Therapies with improved outcomes for BCa patients with bone metastases are therefore

highly desired.
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SUMMARY

In certain embodiments, the present disclosure provides methods for treating or
preventing bone diseases in a subject comprising administering to the subject an effective
amount of a bone-targeting conjugate comprising bisphosphonate (BP) conjugated to a

5  polypeptide or protein. In one embodiment, the present disclosure provides methods for
treating or preventing bone tumors in a subject comprising administering to the subject an
effective amount of a bone-targeting conjugate comprising bisphosphonate (BP) conjugated to
an antibody.

In certain aspects, the bone disease is osteoporosis, osteomalacia, periodontitis,

10  rheumatoid arthritis, metabolic bone disease, a parathyroid disorder, steroid-induced
osteoporosis, chemotherapy-induced bone loss, pre-menopausal bone loss, fragility and
recurrent fractures, renal osteodystrophy, bone infections, or Paget's disease. The methods and
compositions provided herein may be used to reduce cortical and/or trabecular bone loss,
reduce cortical and/or trabecular bone mineral content loss, improve the bone biomechanical

15 resistance, increase bone formation, and/or reduce bone-resorption.

In some aspects, the subject has bone cancer or bone metastasis. In particular aspects,
the bone cancer is Ewing sarcoma, osteosarcoma, or chondrosarcoma. In certain aspects, the
bone metastasis is from breast cancer, myeloma, renal cancer, lung cancer, prostate cancer,
thyroid cancer, or bladder cancer. In specific aspects, the bone metastasis is breast cancer bone

20  metastasis. In some aspects, the breast cancer is triple-negative breast cancer. In certain aspects,
the breast cancer is HER2-negative breast cancer. In other aspects, the breast cancer is HER2-
positive breast cancer.

In certain aspects, the BP is negatively-charged. In some aspects, the BP is alendronate,
zoledronate, pamidronate, risedronate, medronic acid, aminomethylene bisphonic acid,

25  clodronate, etidronate, tiludronate, ibandronate pomidronate, neridonate, olpadronate, or
oxidronate. In particular aspects, the BP is alendronate (ALN).

In some aspects, the BP is conjugated to an adrenergic agonisi, an anti-apopiosis factor,
an apoptosis inhibitor, a cytokine receptor, a cytokine, a oytotoxin, an erythropoletic agent, a
glutamnie acid decarboxylase, a ghycoprotein, 2 growth factor, a growth factor receptor, a

30 hormong, a hormone receptor, an interferon, an interleukin, an interleukin receptor, a kinase, a
kinase inhibitor, a nerve growth factor, 2 netrin, g neurcactive peptide, a neurcactive peptide
receptor, a neurpgenic factor, a neurcgenic factor receptor, a neurcpilin, a neuratrophic factor,

a neurntrophin, a neurcirophin receptor, an MN-methyl-D-aspartate amtagonist, a plexin, a
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protease, a projease inbibiftor, a protein decarboxylase, a protein kinase, g protein Kinase
inhibitor, a proteoiyuc protein, a proteclytic protein inhibitor, g semaphorin, a semaphorin
receptor, A Sergtonin fransport protein, a serofonin upiake inhibitor, a serctonin receptor, a
SETpin, A SSrPin TECepPIOr, OF 8 tHmOT SUPPressor.

In some aspects, the antibody is a monoclonal antibody, bispecific antibody, Fab', a
F(ab")2, a F(ab")3, a monovalent scFv, a bivalent scFv, a single domain antibody, or nanobody.
In certain aspects, the antibody is an immune checkpoint inhibitor. In particular aspects, the
antibody is an anti-HER2 antibody, anti-CD99 antibody, anti-IGF-IR antibody, anti-PD-L1,
anti-PD-1, anti-CTLA4-antibody, anti-Siglec-15 antibody, anti-RANKL antibody, or anti-
TGFpB antibody. In specific aspects, the antibody is an anti-HER2 antibody, such as
trastuzumab (Herceptin), pertuzumab (Perjeta), or atezolizumab. In particular aspects, the
antibody is trastuzumab. In some aspects, bone-targeting conjugate comprises alendronate
conjugated to trastuzumab. In certain aspects, the antibody is not an anti-M-CSF antibody.

In certain aspccts, the BP is not conjugated to N-glycan on the Fc region of the antibody.
In some aspects, the BP is site-specifically conjugated to the antibody using pClick
conjugation, NHS-ester chemistry, or cysteine chemistry. In particular aspects, the BP is site-
specifically conjugated to the antibody using pClick conjugation. In some aspects, the BP is
conjugated to the CH2-CH3 junction of the antibody. In some aspects, the BP is conjugated to
the antibody using 4-fluorophenyl carbamate lysine (FPheK). In particular aspects, FPheK is
attached to a fragment of the B domain of protein A (FB protein) from Staphylococcus aureus.
In specific aspects, pClick conjugation comprises conjugation of an antibody with an azide
functional moiety with BP functionalized with bicyclo[6.1.0]nonyne (BCN).

In certain aspects, the bone-targeting conjugate results in increased concentration of
therapeutic antibody at the bone tumor niche, inhibits cancer development in the bone, and/or
limits secondary metastases to other organs. In some aspects, the bone-targeting conjugate
results in decreased micrometastasis-induced osteolyic lesions.

In additional aspects, the method comprises further administering an additional anti-
cancer therapy. In some aspects, the additional anti-cancer therapy comprises surgery,

chemotherapy, radiation therapy, hormonal therapy, immunotherapy or cytokine therapy. In
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particular aspects, the additional anti-cancer therapy comprises immunotherapy or
chemotherapy.

A further embodiment provides the use of a bone-targeting conjugate comprising
bisphosphonate (BP) conjugated to an antibody for the treatment or prevention of bone tumors
in a subject with cancer.

In some aspects, the subject has bone cancer or bone metastasis. In particular aspects,
the bone cancer is Ewing sarcoma, osteosarcoma, or chondrosarcoma. In certain aspects, the
bone metastasis is from breast cancer, myeloma, renal cancer, lung cancer, prostate cancer,
thyroid cancer, or bladder cancer. In specific aspects, the bone metastasis is breast cancer bone
metastasis. In some aspects, the breast cancer is triple-negative breast cancer. In certain aspects,
the breast cancer is HER2-negative breast cancer. In other aspects, the breast cancer is HER2-
positive breast cancer.

In certain aspects, the BP is negatively-charged. In some aspects, the BP is alendronate,
zoledronate, pamidronate, riscdronatc, mecdronic acid, aminomcthylenc bisphonic acid,
clodronate, etidronate, tiludronate, ibandronate pomidronate, neridonate, olpadronate, or
oxidronate. In particular aspects, the BP is alendronate (ALN).

In some aspects, the antibody is a monoclonal antibody, bispecific antibody, Fab', a
F(ab")2, a F(ab")3, a monovalent scI'v, a bivalent scFv, a single domain antibody, or nanobody.
In certain aspects, the antibody is an immune checkpoint inhibitor. In particular aspects, the
antibody is an anti-HER2 antibody, anti-CD99 antibody, anti-IGF-IR antibody, anti-PD-L1,
anti-PD-1, anti-CTLA4-antibody, anti-Siglec-15 antibody, anti-RANKL antibody, or anti-
TGFB antibody. In specific aspects, the antibody is an anti-HER2 antibody, such as
trastuzumab (Herceptin), pertuzumab (Perjeta), or atezolizumab. In particular aspects, the
antibody is trastuzumab. In some aspects, bone-targeting conjugate comprises alendronate
conjugated to trastuzumab. In certain aspects, the antibody is not an anti-M-CSF antibody.

In certain aspects, the BP is not conjugated to N-glycan on the Fc region of the antibody.
In some aspects, the BP is site-specifically conjugated to the antibody using pClick
conjugation, NHS-ester chemistry, or cysteine chemistry. In particular aspects, the BP is site-
specifically conjugated to the antibody using pClick conjugation. In some aspects, the BP is
conjugated to the CH2-CH3 junction of the antibody. In some aspects, the BP is conjugated to
the antibody using 4-fluorophenyl carbamate lysine (FPheK). In particular aspects, FPheK is

attached to a fragment of the B domain of protein A (FB protein) from Staphylococcus aureus.
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In specific aspects, pClick conjugation comprises conjugation of an antibody with an azide
functional moiety with BP functionalized with bicyclo[6.1.0]nonyne (BCN).

In certain aspects, the bone-targeting conjugate results in increased concentration of
therapeutic antibody at the bone tumor niche, inhibits cancer development in the bone, and/or

5 limits secondary metastases to other organs. In some aspects, the bone-targeting conjugate
results in decreased micrometastasis-induced osteolyic lesions.

In additional aspects, the use further comprises an additional anti-cancer therapy. In
some aspects, the additional anti-cancer therapy comprises surgery, chemotherapy, radiation
therapy, hormonal therapy, immunotherapy or cytokine therapy. In particular aspects, the

10  additional anti-cancer therapy comprises immunotherapy or chemotherapy.

It is contemplated that any method or composition described herein can be implemented
with respect to any other method or composition described herein. For example, a compound
synthesized by one method may be used in the preparation of a final compound according to a
different method.

15 Other objects, features and advantages of the present disclosure will become apparent
from the following detailed description. It should be understood, however, that the detailed
description and the specific examples, while indicating specific embodiments of the disclosure,
are given by way of illustration only, since various changes and modifications within the spirit
and scope of the disclosure will become apparent to those skilled in the art from this detailed

20  description.
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BRIEF DESCRIPTION OF THE DRAWINGS

The following drawings form part of the present specification and are included to
further demonstrate certain aspects of the present invention. The invention may be better
understood by reference to one or more of these drawings in combination with the detailed
description of specific embodiments presented herein.

FIGS. 1A-1L: (A) Therapeutic antibodies can be site-specifically delivered to bone by
pClick conjugation of bisphosphonate molecules that bind to the bone hydroxyapatite matrix.
(B) SDS-PAGE analysis of Tras, Tras-ALN, and their near-infrared (NIR) fluorophore
conjugates under reducing and non-reducing conditions, visualized by coomassie blue staining
(left) and a fluorescence scanner (right) (C) Mass spectrometry analysis of Tras and Tras-ALN.
(D) Flow cytometric profiles of Tras and Tras-ALN binding to BT474 (HER2+++), SK-BR-3
(HER2+++), MDA-MB-361 (HER2++), and MDA-MB-468 (HER2-) cells. (E-G) In vitro
cytotoxicity of Tras and Tras-ALN against BT474, MDA-MB-361, and MDA-MB-468 cells.
(H) Differential bone targeting ability of unmodified Tras and Tras-ALN conjugate.
Nondecalcified bone sections from C57/B1.6 mice were incubated with 50 pg/mlL Tras or Tras-
ALN overnight, followed by staining with fluorescein isothiocyanate (FITC)-labeled anti-
human IgG and 4 pg/mL xylenol orange (XO, known to label bone), Scale bars, 200 um. (1-J)
Binding kinetics of Tras and Tras-ALN to hydroxyapatite (HA) and native bone. (K) fx vivo
fluorescence images of lower limbs of athymic nude mice bearing MDA-MB-361 tumors 24
h, 96 h, or 168 h after the retro-orbital injection of Cy7.5-labeled Tras and Tras-ALN. Tumor
cells were inoculated into the right limbs of nude mice via ITA injection. (I.) Nondecalcitfied
bone sections from the biodistribution study were stained with FITC-labeled anti-human IgG
(green), RFP (red) and DAPI (blue), Scale bars, 100 um.

FIGS. 2A-2N: Tras-ALN inhibits breast cancer micrometastases in the bone. (A)
MDA-MB-361 cells were IIA injected into the right hind limb of nude mice, followed by
treatment with PBS, ALN (10 pg/kg retro-orbital venous sinus in PBS twice a week), Tras (1
mg/kg retro-orbital venous sinus in sterile PBS twice a week), and Tras-ALN conjugate (same
as Tras). Tumor burden was monitored by weekly bioluminescence imaging. (B) Fold-change
in mean luminescent intensity of MDA-MB-361 tumors in mice treated as described in (A),
two-way ANOVA comparing Tras to Tras-ALN. (C) Fold-change in Individual luminescent
intensity of HER2-positive MDA-MB-361 tumors in mice treated as described in (A). (D)
Kaplan-Meier plot of the time-to-euthanasia of mice treated as described in (A). For each

individual mouse, the BLI signal in the whole body reached 10’ photons sec was considered
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as the endpoint. (E) Body weight change of tumor-bearing mice over time. (F) MicroCT
scanning in the supine position for groups treated with PBS, ALN, Tras, or Tras-ALN 82 days
after tumor implantation. (G) Quantitative analysis of bone volume density (BV/TV). (H)
Quantitative analysis of trabecular thickness (Tb.Th). (I) Quantitative analysis of trabecular
bone mineral density (BMD). (J) Representative longitudinal, midsagittal hematoxylin and
eosin (H&E)-stained sections of tibia/femur from each group. T: tumor; B: bone; BM: bone
marrow. (K) Representative images of HER2 and TRAP staining of bone sections from each
group. (L) Osteoclast number per image calculated at the tumor-bone interface in each group
(pink cells in (K) were considered as osteoclast positive cells). (M) Serum TRACcP 5b levels of
mice treated as described in (A). (N) Serum calcium levels of mice treated as described in (A).
weeef? < 0.0001, #+«/> <0.001, #+> < 0.01, «> <0.05, and n.s. =7 > 0.05.

FIGS. 3A-3C: (A) Secondary metastases observed in various organs in mice treated
with Tras (top) or Tras-ALN (bottom). (B) Pie charts show the frequencies of metastasis
obscrved in various organs in micc treated with Tras (1 mg/kg rctro-orbitally in sterile PBS
twice a week), and Tras-ALN conjugate (same as Tras). (C) Quantification of bioluminescence
signal intensity in different organs, including other bones, as measurement of metastases
resulted from Tras and Tras-ALN-treated mice. p values are based on one-way ANOVA test.
+P <0.05and n.s. =P > 0.05.

FIGS. 4A-4F: In vivo comparison of Tras and Tras-ALN in HER2-negative model.
(A) Tumor burden was monitored by weekly bioluminescence imaging, and (B) quantified by
the radiance detected in the region ol interest. (C) Fold-change in Individual luminescent
intensity of HER2-negative MCF-7 tumors in mice treated as described in (A). (D) Kaplan-
Meier plot of the time-to-sacrifice of mice treated as described in (A). For each individual
mouse, the BLI signal in the whole body reached 10’ photons sec™ was considered as the
endpoint. (E) Body weight change of tumor-bearing mice over time. «=F < 0.0001, «P < 0,05,
and n.s. =P > 0.05.

FIG. 5: ESI-MS spectra of BCN-ALN.

FIG. 6: ESI-MS spectra of ssFB-FPheK.

FIG. 7: ESI-MS spectra of Tras-azide.

FIGS. 8A-8H: Tras binding to BT474 cells. BT474 cells were incubated with
increasing concentrations of Tras and process as described in Methods and fluorescence was
measured on the flow cytometerr The KD was determined as follows:
1/F=1/Fmax+{KD/Fmax)(1/[ Ab].

FIGS. 9A-9H: Tras-ALN binding to BT474 cells. BT474 cells were incubated with
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increasing concentrations of Tras-ALN and process as described in Methods, and fluorescence
was measured on the flow cytometerr The KD was determined as follows:
1/F=1/Fmax+(KD/Fmax)(1/[Ab].

FIGS. 10A-10H: Tras binding to SK-BR-3 cells. SK-BR-3 cells were incubated with
increasing concentrations of Tras and process as described in Methods and fluorescence was
measured on the flow cytometerr The KD was determined as follows:
1/F=1/Fmax+(KD/Fmax)(1/[Ab].

FIGS. 11A-11H: Tras-ALN binding to SK-BR-3 cells. SK-BR-3 cells were incubated
with increasing concentrations of Tras and process as described in Methods and fluorescence
was measured on the flow cytometer. The KD was determined as follows: 1/F=1/Fmax
+(KD/Fmax)(1/[Ab].

FIG. 12: Binding of Tra-ALN in BT-474, SK-BR-3, and MDA-MB-468 cells
visualized by confocal microscopy. Cells were incubated with 30 nM Tras-ALN in media for
30 min at 37 °C and staincd with DilC18 (rced fluorcscence) and Hocchst nuclcar stain (bluc
fluorescence).

F1GS. 13A-13D: Ex vivo fluorescence images of main organs. Heart, liver, spleen,
lung, kidney, brain of athymic nude mice bearing MDA-MB-361 tumors 96 h after the
retro-orbital injection Cy7.5-labeled (A) Tras and (B) Tras-ALN. (C) Heart, liver, spleen, lung,
kidney and bones of tumor bearing mice MDA-MB-361 tumors 72 h after the retro-orbital
injection Cy7.5-labeled Tras and Tras-ALN. (D) Pharmacokinetic profiles of Tras and Tras-
ALN. Tumor bearing athymic nude mice (3 months aller surgery) were injecled retro-orbitally
with 1 mg/kg Tras and Tras-ALN in PBS. Antibody concentrations in the serum were
determined by ELISA (Data represent the mean + SD for three independent repeats).

FIG. 14: Iix vivo fluorescence images analysis for the bone biodistribution of Tras and
Tras-ALN. 24 h, 96 h or 168 h after after the retro-orbital injection of Cy7.5-l1abeled Tras and
Tras-ALN. The bone was collected and analysis. The quantity data was summarized from FIG.
1K. The signal of free tumor from Tras treated mice was considered as blank. The Relative
signal was calculated as follows: The signal from hind limbs — The signal from free tumor hind
limbs (from Tras treated group).

FIG. 15: Tras-ALN inhibits breast cancer micrometastases in the bone. MDA-MB-361
cells were IIA injected into the right hind limb of nude mice, followed by treatment with PBS,
ALN (10 pg/kg retro-orbital venous sinus in PBS twice a week), Tras (1 mg/kg retro-orbital

venous sinus in sterile PBS twice a week), and Tras-ALN conjugate (same as Tras). Tumor
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burden was monitored twice a week by bioluminescence imaging (Day 6, 20, 33, 48 and 68
imaging data were selected to show in FIG. 2A).

FIGS. 16A-16B: Whole body BLI quantification. (A) The BLI from each treatment
group quantified by the radiance detected in the whole body. (B) Individual whole body
luminescent intensity of different treated group as described in FIG. 2ZA. ****P < 0.0001.

FI1GS. 17A-17D: BL1 signals in the hind limbs were quantified in Tras and Tras-ALN
treated group and are shown. (A) Fold-change in mean luminescent intensity of hind limbs in
mice treated with Tras and Tras-ALN (as described in FIG. 2A), two-way ANOVA comparing
Tras to Tras-ALN. (B) Fold-change in Individual luminescent intensity of hind limbs in Tras
and Tras-ALN treated group. (C) The mean BLI of hind limbs from Tras and Tras-ALN
treatment group quantified. (D) Individual luminescent intensity of Tras and Tras-ALN treated
group. ****P < 0.0001.

FI1G. 18: MicroCT-based 3D renderings of bones. Cortical bone, images show
cxtensive cortical bone destruction. Trabecular bone, images show trabecular destruction.
Lower panel (growth plate), images plate show bone loss at growth plate.

F1G. 19: TRAP staining of bone sections from each group.

FIGS. 20A-20E: The in vivo quantification of secondary metastases. (A) BLI signal in
the whole body and hind limbs of mice in various treatment groups were quantified and are
shown. The secondary metastases was determined as follows: BLI signals in whole body and
the hind limbs (shown by red circles) were quantified. Each time point, animals were imaged
twice a week using IVIS Lumina IT (Advanced Molecular Vision), [ollowing the recommended
procedures and manufacturer’s settings. For the groups which signal suggested “Saturated
Luminescent Image”, it will be scanned for shorter time (which were indicated under the
imaging). The secondary metastases were calculated as follows: BLI signal intensity in whole
body — BLI signal intensity in hind limbs. (B) Fold-change in mean luminescent intensity of
secondary metastases in mice treated as described in (FIG. 2A), two-way ANOVA comparing
Tras to Tras-ALN. (C) Fold-change in Individual luminescent intensity of secondary
metastases in Tras and Tras-ALN treated group. (D) The mean BLI of secondary metastases
from Tras and Tras-ALN treatment group quantified. (E) Individual luminescent intensity of
Tras and Tras-ALN treated group. ****P < 0.0001.

FIG. 21: Secondary metastases observed in various organs in mice treated with Tras
(top) or Tras-ALN (bottom).

FIGS. 22A-22C: [n vivo comparison of Tras and Tras-ALN in HER2-negative model.
MCF-7 cells were IIA injected into the right hind limb of nude mice, followed by treatment

10
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with Tras (1 mg/kg retro-orbital venous sinus in sterile PBS twice a week), and Tras-ALN
conjugate (same as Tras). (A) Tumor burden was monitored twice a week by bioluminescence
imaging (Day 4, 12, 19, 29 and 42 imaging data were selected to show in FIG. 4A. (B) The
BLI from each treatment group quantified by the radiance detected in the whole body. (C)
Individual whole body luminescent intensity of Tras and Tras-ALN treated group. ****P <
0.0001.

FIGS. 23A-23D: BLIsignals in the hind limbs in MCF-7 model were quantified in Tras
and Tras-ALN treated groups and are shown. (A) Fold-change in mean luminescent intensity
of hind limbs in mice treated with Tras and Tras-ALN (as described in FIG. 4A), two-way
ANOVA comparing Tras to Tras-ALN. (B) Fold-change in Individual luminescent intensity of
hind limbs in Tras and Tras-ALN treated groups. (C) The mean BLI of hind limbs from Tras
and Tras-ALN treatment groups quantified. (D) Individual luminescent intensity of Tras and
Tras-ALN treated groups. ****P < 0.0001.

FIGS. 24A-24B: Effccts of Tras-ALN on MCF-7 HER2-ncgative modcl: scrum
TRACP 5b and calcium levels analysis. (A) Serum TRACP 5b concentration in Tras and Tras-
ALN at the end of experiment (*P < 0.05). (B) Serum calcium concentration in Tras and Tras-
ALN group at the end of experiment (*P < 0.05).

FIGS. 25A-25E: The in vivo quantification of secondary metastases. (A) BLI signal in
the whole body and hind limbs of mice in various treatment groups were quantified and are
shown. The secondary metastases were determined as follows: BLI signals in whole body and
the hind limbs (shown by red circles) were quantified. Each time point, animals were imaged
twice a week using IVIS Lumina 1l (Advanced Molecular Vision), following the recommended
procedures and manufacturer’s settings. For the groups which signal suggested “Saturated
Luminescent Image”, it will be scanned for shorter time (which were indicated under the
imaging). The secondary metastases were calculated as follows: BLI signal intensity in whole
body — BLI signal intensity in hind limbs. (B) Fold-change in mean luminescent intensity of
secondary metastases in mice treated as described in FIG. 22, two-way ANOVA comparing
Tras to Tras-ALN. (C) Fold-change in Individual luminescent intensity of secondary
metastases in Tras and Tras-ALN treated groups. (D) The mean BLI of secondary metastases
from each treatment group quantified. (E) Individual luminescent intensity of Tras and Tras-
ALN treated groups. ****P < 0.0001.

FIGS. 26A-26B: Tras-ALN effects on multi-organs metastases in MCF-7 cell lines.

(A) Metastases observed in various organs in mice treated with Tras or Tras-ALN. (B) Pie
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charts show the frequencies of metastasis observed in various organs in Tras and Tras-ALN
treated groups.

FIGS. 27A-27C: Therapeutic effect of Tras-ALN on the mice with both bone

metastases and primary tumor. (A) Luciferase labeled MDA-MB-361 cells were injected into

5  the right hind limb using IIA injection. Non-luciferase labeled MDA-MB-361 cells were

inoculated at mammary fat pad on the same mice. Then the mice were treated with PBS (n=5),

Tras (1 mg/kg retro-orbital venous sinus in sterile PBS, n=7), and Tras-ALN (same as Tras,

n=7). Tumor burden at hind limb was monitored by bioluminescence imaging (BLI). Tumor

burden at mammary fat pad was measured using vernier caliper. (B) Hind limb tumor fold-

10  change in mean luminescent intensity in mice treated as described in (A), two-way ANOVA

comparing hind limb tumor of Tras and Tras-ALN groups. (C) Mammary fat pad tumor fold-

change in mean luminescent intensity in mice treated as described in (A), two-way ANOVA

comparing mammary fat pad tumor of Tras and Ttras-ALN groups. *P < 0.05, and n.s.

represents P > 0.05.
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DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

Over the past 20 years, antibody-based therapies have proved to be of great value in
cancer treatment. Despite the clinical success of these biopharmaceuticals, reaching targets in
the bone microenvironment has proved to be difficult perhaps due to the relatively low
vascularization of bone tissue and the presence of physical barriers that impair drug
penetration. Attempts to ensure effective concentrations of a therapeutic drug in bone
unavoidably lead to high concentrations in other tissues as well, often resulting in adverse
systemic effects or side effects that may limit or exclude the use of the drug.>*** In this case,
the potential benefit of passive targeting is lost.

Accordingly, in certain embodiments, the present disclosure provides an innovative
bone targeting (BonTarg) technology that enables the specific delivery of therapeutic
polypeptides, such as antibodies, to the bone via conjugation of bone-targeting moieties. The
resulting bone-targeting antibodies can specifically target the bone metastatic niche to
eliminate bone micrometastases and also prevent seeding of multi-organ metastases from bone
lesions. Taking advantage of the high mineral concentration unique to the bone hydroxyapatite
matrix, bisphosphonate (BP) conjugation has been used for selective delivery of small molecule
drugs, imaging probes, nuclear medicines, and nanoparticles to the bone as a means of treating
of osteoporosis, primary and metastatic bone neoplasms, and other bone disorders.?*2073¢
Negatively-charged BP has a high affinity for mineralized, positively charged bone matrix,
such as hydroxyapatite (HA), which is the main component of hard bone, resulting in
preferential binding to the bone. Thus, in certain aspects, the present methods comprise the use
of pClick conjugation technology to site-specifically couple a BP drug, such as Alendronate
(ALN), to an antibody, such as the HER2-targeting monoclonal antibody trastuzumab (Tras).?'!
The present studies showed that in two xenograft models based on intra-iliac artery (IIA)
injection, the resulting trastuzumab-Alendronate conjugate (Tras-ALN) significantly enhanced
the concentration of therapeutic antibody in the bone metastatic niche, inhibited cancer
development in the bone, and limited secondary metastases to other organs. This type of
specific delivery of therapeutic antibodies to the bone has the potential to enhance both the

breadth and potency of antibody therapy for bone-related diseases.
I. Definitions

As used herein, “ essentially free,” in terms of a specified component, is used herein to

mean that none of the specified component has been purposefully formulated into a
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composition and/or is present only as a contaminant or in trace amounts. The total amount of
the specified component resulting from any unintended contamination of a composition is
therefore well below 0.05%, preferably below 0.01%. Most preferred is a composition in which
no amount of the specified component can be detected with standard analytical methods.

[AP% 3]

As used herein the specification, “a” or “an” may mean one or more. As used herein in
the claim(s), when used in conjunction with the word “comprising,” the words “a” or “an” may
mean one or more than one.

2>

The use of the term “ or” in the claims is used to mean “ and/or” unless explicitly
indicated to refer to alternatives only or the alternatives are mutually exclusive, although the
disclosure supports a definition that refers to only alternatives and ““ and/or.” As used herein
“ another” may mean at least a second or more.

The term “about” means, in general, within a standard deviation of the stated value as
determined using a standard analytical technique for measuring the stated value. The terms
can also bc uscd by referring to plus or minus 5% of the stated value.

The phrase “effective amount” or * therapeutically effective” means a dosage of a drug
or agent sufficient to produce a desired result. The desired result can be subjective or objective
improvement in the recipient of the dosage, increased lung growth, increased lung repair,
reduced tissue edema, increased DNA repair, decreased apoptosis, a decrease in tumor size, a
decrease in the rate of growth of cancer cells, a decrease in metastasis, or any combination of
the above.

As used herein, the term “antibody” refers to an immunoglobulin, derivatives thereol
which maintain specific binding ability, and proteins having a binding domain which is
homologous or largely homologous to an immunoglobulin binding domain. These proteins may
be derived from natural sources, or partly or wholly synthetically produced. An antibody may
be monoclonal or polyclonal. The antibody may be a member of any immunoglobulin class,
including any of the human classes: IgG, IgM, IgA, IgD, and IgE. The antibody may be a bi-
specific antibody. In exemplary embodiments, antibodies used with the methods and
compositions described herein are derivatives of the IgG class. The term antibody also refers
to antigen-binding antibody fragments. Examples of such antibody fragments include, but are
not limited to, Fab, Faby, F(aby)2, scFv, Fv, dsFv diabody, and Fd fragments. Antibody
fragment may be produced by any means. For instance, the antibody fragment may be
enzymatically or chemically produced by fragmentation of an intact antibody, it may be
recombinantly produced from a gene encoding the partial antibody sequence, or it may be

wholly or partially synthetically produced. The antibody fragment may optionally be a single
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chain antibody fragment. Alternatively, the fragment may comprise multiple chains which are
linked together, for instance, by disulfide linkages. The fragment may also optionally be a
multimolecular complex. A functional antibody fragment will typically comprise at least about
10 amino acids and more typically will comprise at least about 200 amino acids.

“Subject” and “patient” refer to either a human or non-human, such as primates,

mammals, and vertebrates. In particular embodiments, the subject is a human.

As used herein, the terms "treat," "treatment," "treating," or "amelioration" when used
in reference to a disease, disorder or medical condition, refer to therapeutic treatments for a
condition, wherein the object is to reverse, alleviate, ameliorate, inhibit, slow down or stop the
progression or severity of a symptom or condition. The term "treating" includes reducing or
alleviating at least one adverse effect or symptom of a condition. Treatment is generally
"effective" if one or more symptoms or clinical markers are reduced. Alternatively, treatment
is "effective" if the progression of a condition is reduced or halted. That is, "treatment" includes
not just the improvement of symptoms or markers, but also a ccssation or at lcast slowing of
progress or worsening of symptoms that would be expected in the absence of treatment.
Beneficial or desired clinical results include, but are not limited to, alleviation of one or more
symptom(s), diminishment of extent of the deficit, stabilized (i.e., not worsening) state of a
tumor or malignancy, delay or slowing of tumor growth and/or metastasis, and an increased

lifespan as compared to that expected in the absence of treatment.
II. Bone-Targeting Antibody Conjugate

The present disclosure relates to conjugation of a bone-targeting moiety, such as
bisphosphonate, to an antibody. In some aspects, the bone-targeting agent may be conjugated
to the antibody at a site far from the antigen binding site and Fc receptor binding site, such as
the CH2-CH3 junction.

Bisphosphonates are synthetic compounds containing two phosphonate groups bound
to a central (geminal) carbon (the P-C-P backbone) that are used to prevent bone resorption in
a number of metabolic and tumor-induced bone diseases including multiple myeloma.
Bisphosphonate treatment is associated with an increase in patient survival, indicating that
these compounds have a direct effect on the tumor cells. Bisphosphonates may contain two
additional chains bound to the central geminal carbon. The presence of these two side chains
allows numerous substitutions to the bisphosphonate backbone and therefore the development

of a variety of analogs with different pharmacological properties. Exemplary bisphosphonates
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include but are not limited to alendronate, zoledronate, pamidronate, risedronate, medronic
acid, aminomethylene bisphonic acid, clodronate, etidronate, tilundronate, or ibandronate.

In certain aspects, the bone-targeting agent may be conjugated to the antibody by site-
specific conjugation methods. In one method, the antibody is conjugated by cysteine chemistry
comprising engineered cysteine substitutions at positions on the light and heavy chains that
provide reactive thiol groups and do not perturb immunoglobulin folding and assembly, or alter
antigen binding (Junutula et a., 2008; incorporated herein by reference in its entirety). In
another method, the conjugation method comprises site-specific introduction of aldehyde
groups into recombinant proteins using the 6-amino-acid consensus sequence recognized by
the formylglycine-generating enzyme (Carrico et al., 2007; incorporated herein by reference in
its entirety). This genetically encoded 'aldehyde tag' is no larger than a His6 tag and can be
exploited for numerous protein labeling applications. In some aspects, the site-specific
conjugation method comprises remodeled Fc N-glycans of antibodies using mutant
glycosyltransterascs, such as mutant betal,4-galactosyltransferase (Bocggeman ct al., 2009;
incorporated herein by reference in its entirety) or transglutaminase-mediated site-specific
conjugation. In specific aspects, the site-specific conjugation comprises use of disulfide bridges
(Zhang et al, 2016; incorporated herein by reference in its entirety). In certain aspects, the site-
specific conjugation method comprises incorporation of non-canonical amino acids (Leisle et
al., 2015; incorporated herein by reference in its entirety). For example, the bone-targeting
agent may be conjugated to the antibody using pClick technology comprising proximity-
induced site-specilic conjugation using an allinity compound (W0O2019/217900, incorporated
herein by reference in its entirety). pClick is a site-specific technology that doesn’t require the
antibody engineering and any chemical or enzymatic treatments. The pClick method can enable
site-specific covalent bond formation between the bone-targeting moiety and the antibody. In
particular aspects, the bone-targeting antibody conjugate does not comprise a polymeric
backbone. In specific aspects, the bone-targeting moiety is not conjugated to the N-glycan of
the Fc domain of the antibody.

Specifically, the present methods may comprise proximity-induced reactivity between

an ncAA and a nearby antibody residue, such as a lysine or cysteine. pClick can enable covalent
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bond formation between the bone-targeting moiety and a defined residue, such as lysine, of the
antibody without performing antibody engineering.

The present antibody conjugated may be further conjugated to an imaging or diagnostic
agent.

A “therapeutic agent” as used herein refers to any agent that can be administered to a
subject for the purpose of obtaining a therapeutic benefit of a disease or health-related
condition. For example, antibodies conjugated to a therapeutic agent may be administered to a
subject for the purpose of reducing the size of a tumor, reducing or inhibiting local invasiveness
of a tumor, or reducing the risk of development of metastases.

A “diagnostic agent” or “imaging agent” (referred to interchangeably) as used herein
refers to any agent that can be administered to a subject for the purpose of diagnosing a disease
or health-related condition in a subject. Diagnosis may involve determining whether a disease
is present, whether a disease has progressed, or any change in disease state.

The therapeutic or diagnostic agent may be a small molccule, a peptide, a protein, a

polypeptide, an antibody, an antibody fragment, a DNA, or an RNA.

A. Formulation and Administration

The present disclosure provides pharmaceutical compositions comprising antibodies
conjugated to a bone-targeting agent, such as bisphosphonate. Such compositions comprise a
prophylactically or therapeutically effective amount of an antibody or a fragment thereof, or a
peptide immunogen, and a pharmaceutically acceptable carrier. In a specific embodiment, the
term “pharmaceutically acceptable” means approved by a regulatory agency of the Federal or
a state government or listed in the U.S. Pharmacopeia or other generally recognized
pharmacopeia for use in animals, and more particularly in humans. The term “carrier” refers to
a diluent, excipient, or vehicle with which the therapeutic is administered. Such pharmaceutical
carriers can be sterile liquids, such as water and oils, including those of petroleum, animal,
vegetable or synthetic origin, such as peanut oil, soybean oil, mineral oil, sesame oil and the
like. Water is a particular carrier when the pharmaceutical composition is administered
intravenously. Saline solutions and aqueous dextrose and glycerol solutions can also be
employed as liquid carriers, particularly for injectable solutions. Other suitable pharmaceutical
excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica gel,
sodium stearate, glycerol monostearate, talc, sodium chloride, dried skim milk, glycerol,

propylene, glycol, water, ethanol and the like.
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The composition, if desired, can also contain minor amounts of wetting or emulsifying
agents, or pH buffering agents. These compositions can take the form of solutions, suspensions,
emulsion, tablets, pills, capsules, powders, sustained-release formulations and the like. Oral
formulations can include standard carriers such as pharmaceutical grades of mannitol, lactose,
starch, magnesium stearate, sodium saccharine, cellulose, magnesium carbonate, efc. Examples
of suitable pharmaceutical agents are described in “Remington's Pharmaceutical Sciences.”
Such compositions will contain a prophylactically or therapeutically effective amount of the
antibody or fragment thereof, preferably in purified form, together with a suitable amount of
carrier so as to provide the form for proper administration to the patient. The formulation should
suit the mode of administration, which can be oral, intravenous, intraarterial, intrabuccal,
intranasal, nebulized, bronchial inhalation, or delivered by mechanical ventilation.

Active vaccines are also envisioned where antibodies like those disclosed are produced
invivo in a subject at risk of Poxvirus infection. Such vaccines can be formulated for parenteral
administration, e.g., formulated for injcction via the intradermal, intravenous, intramuscular,
subcutaneous, or even intraperitoneal routes. Administration by intradermal and intramuscular
routes are contemplated. The vaccine could alternatively be administered by a topical route
directly to the mucosa, for example by nasal drops, inhalation, or by nebulizer.
Pharmaceutically acceptable salts, include the acid salts and those which are formed with
inorganic acids such as, for example, hydrochloric or phosphoric acids, or such organic acids
as acetic, oxalic, tartaric, mandelic, and the like. Salts formed with the free carboxyl groups
may also be derived [rom inorganic bases such as, [or example, sodium, potassium,
ammonium, calcium, or ferric hydroxides, and such organic bases as isopropylamine,
trimethylamine, 2-ethylamino ethanol, histidine, procaine, and the like.

Passive transfer of antibodies, known as artificially acquired passive immunity,
generally will involve the use of intravenous or intramuscular injections. The forms of antibody
can be human or animal blood plasma or serum, as poocled human immunoglobulin for
intravenous (IVIG) or intramuscular (IG) use, as high-titer human IVIG or 1G from immunized
or from donors recovering from disease, and as monoclonal antibodies (MAb). Such immunity
generally lasts for only a short period of time, and there is also a potential risk for
hypersensitivity reactions, and serum sickness, especially from gamma globulin of non-human
origin. However, passive immunity provides immediate protection. The antibodies will be
formulated in a carrier suitable for injection, i.e., sterile and syringeable.

Generally, the ingredients of compositions of the disclosure are supplied either

separately or mixed together in unit dosage form, for example, as a dry lyophilized powder or

18

CA 03205538 2023-7-19



10

15

20

25

WO 2022/159492 PCT/US2022/012982

water-free concentrate in a hermetically sealed container such as an ampoule or sachette
indicating the quantity of active agent. Where the composition is to be administered by
infusion, it can be dispensed with an infusion bottle containing sterile pharmaceutical grade
water or saline. Where the composition is administered by injection, an ampoule of sterile water
for injection or saline can be provided so that the ingredients may be mixed prior to
administration.

The compositions of the disclosure can be formulated as neutral or salt forms.
Pharmaceutically acceptable salts include those formed with anions such as those derived from
hydrochloric, phosphoric, acetic, oxalic, tartaric acids, efc., and those formed with cations such
as those derived from sodium, potassium, ammonium, calcium, ferric hydroxides,

isopropylamine, triethylamine, 2-ethylamino ethanol, histidine, procaine, efc.

B. Hyperproliferative Diseases

While hyperproliferative diseases can be associated with any disease which causes a
cell to begin to reproduce uncontrollably, the prototypical example is cancer. One of the key
elements of cancer is that the cell’s normal apoptotic cycle is interrupted and thus agents that
interrupt the growth of the cells are important as therapeutic agents for treating these diseases.
In this disclosure, a bone-targeting antibody conjugate may be used to treat a variety of types
of cancers, such as bone cancers and cancers that metastasize to the bone.

Cancer cells that may be treated with the compounds of the present disclosure include
but are not limited to cells from the bladder, blood, bone, bone marrow, brain, breast, colon,
esophagus, gastrointestine, gum, head, kidney, liver, lung, nasopharynx, neck, ovary, prostate,
skin, stomach, pancreas, testis, tongue, cervix, or uterus. In addition, the cancer may
specifically be of the following histological type, though it is not limited te these: neoplasm,
malignant; carcinoma; carcinoma, undifterentiated; giant and spindle cell carcinoma; small cell
carcinoma, papillary carcinoma; squamous cell carcinoma; lymphoepithelial carcinoma; basal
cell carcinoma; pilomatrix carcinoma; transitional cell carcinoma; papillary transitional cell
carcinoma; adenocarcinoma; gastrinoma, malignant, cholangiocarcinoma; hepatocellular
carcinoma; combined hepatocellular carcinoma and cholangiocarcinoma; trabecular
adenocarcinoma; adenoid cystic carcinoma; adenocarcinoma in adenomatous polyp;
adenocarcinoma, familial polyposis coli; solid carcinoma; carcinoid tumor, malignant;
branchiolo-alveolar adenocarcinoma; papillary adenocarcinoma; chromophobe carcinoma;
acidophil carcinoma; oxyphilic adenocarcinoma; basophil carcinoma; clear cell

adenocarcinoma; granular cell carcinoma; follicular adenocarcinoma; papillary and follicular
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adenocarcinoma; nonencapsulating sclerosing carcinoma; adrenal cortical carcinoma,
endometroid carcinoma; skin appendage carcinoma; apocrine adenocarcinoma; sebaceous
adenocarcinoma; ceruminous adenocarcinoma; mucoepidermoid carcinoma;
cystadenocarcinoma; papillary cystadenocarcinoma; papillary serous cystadenocarcinoma;

5 mucinous cystadenocarcinoma, mucinous adenocarcinoma, signet ring cell carcinoma,
infiltrating duct carcinoma; medullary carcinoma; lobular carcinoma; inflammatory carcinoma,
paget's disease, mammary; acinar cell carcinoma; adenosquamous carcinoma; adenocarcinoma
w/squamous metaplasia, thymoma, malignant; ovarian stromal tumor, malignant; thecoma,
malignant; granulosa cell tumor, malignant; androblastoma, malignant; sertoli cell carcinoma,

10  leydig cell tumor, malignant; lipid cell tumor, malignant; paraganglioma, malignant; extra-
mammary paraganglioma, malignant; pheochromocytoma; glomangiosarcoma; malignant
melanoma; amelanotic melanoma; superficial spreading melanoma; malig melanoma in giant
pigmented nevus; epithelioid cell melanoma; blue nevus, malignant; sarcoma; fibrosarcoma;
fibrous  histiocytoma, malignant; myxosarcoma; liposarcoma; Iciomyosarcoma,

15  rhabdomyosarcoma; embryonal rhabdomyosarcoma, alveolar rhabdomyosarcoma; stromal
sarcoma; mixed tumor, malignant; mullerian mixed tumor; nephroblastoma; hepatoblastoma;
carcinosarcoma; mesenchymoma, malignant; brenner tumor, malignant, phyllodes tumor,
malignant; synovial sarcoma; mesothelioma, malignant, dysgerminoma; embryonal
carcinoma, teratoma, malignant; struma ovarii, malignant; choriocarcinoma; mesonephroma,

20  malignant; hemangiosarcoma; hemangioendothelioma, malignant; kaposi's sarcoma,
hemangiopericytoma, malignant, lymphangiosarcoma; osteosarcoma; juxlacortical
osteosarcoma; chondrosarcoma, chondroblastoma, malignant; mesenchymal chondrosarcoma;

giant cell tumor of bone; ewing's sarcoma, odontogenic tumor, malignant; ameloblastic
odontosarcoma; ameloblastoma, malignant; ameloblastic fibrosarcoma; pinealoma, malignant;

25 chordoma; glioma, malignant; ependymoma; astrocytoma; protoplasmic astrocytoma;
fibrillary astrocytoma; astroblastoma, glioblastoma; oligodendroglioma; oligodendroblastoma,
primitive neuroectodermal;, cerebellar sarcoma; ganglioneuroblastoma;, neuroblastoma;
retinoblastoma; olfactory neurogenic tumor, meningioma, malignant, neurofibrosarcoma;
neurilemmoma, malignant; granular cell tumor, malignant; malignant lymphoma; hodgkin's

30  disease; hodgkin's; paragranuloma; malignant lymphoma, small lymphocytic; malignant
lymphoma, large cell, diffuse; malignant lymphoma, follicular; mycosis fungoides;, other
specified non-hodgkin's lymphomas; malignant histiocytosis; multiple myeloma; mast cell
sarcoma; immunoproliferative small intestinal disease; leukemia; lymphoid leukemia; plasma

cell leukemia; erythroleukemia; lymphosarcoma cell leukemia; myeloid leukemia; basophilic
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leukemia; eosinophilic leukemia; monocytic leukemia; mast cell leukemia; megakaryoblastic
leukemia; myeloid sarcoma; and hairy cell leukemia. In certain aspects, the tumor may
comprise an osteosarcoma, angiosarcoma, rhabdosarcoma, leiomyosarcoma, Ewing sarcoma,

glioblastoma, neuroblastoma, or leukemia.

C. Methods of Treatment

In particular, compositions that may be used in treating cancer in a subject (e.g., a
human subject) are disclosed herein. The compositions described above are preferably
administered to a mammal (e.g., rodent, human, non-human primates, canine, bovine, ovine,
equine, feline, efc.) in an effective amount, that is, an amount capable of producing a desirable
result in a treated subject (e.g., causing apoptosis of cancerous cells or killing bacterial cells).
Toxicity and therapeutic efficacy of the compositions utilized in methods of the disclosure can
be determined by standard pharmaceutical procedures. As is well known in the medical and
veterinary arts, dosage for any one animal depends on many factors, including the subject's
size, body surface area, body weight, age, the particular composition to be administered, time
and route of administration, general health, the clinical symptoms of the infection or cancer
and other drugs being administered concurrently. A composition as described herein is
typically administered at a dosage that inhibits the growth or proliferation of a bacterial cell,
inhibits the growth of a biofilm, or induces death of cancerous cells (e.g., induces apoptosis of
a cancer cell), as assayed by identifying a reduction in hematological parameters (Complete
blood count (CBQC)), or cancer cell growth or proliferation.

The therapeutic methods of the disclosure (which include prophylactic treatment) in
general include administration of a therapeutically effective amount of the compositions
described herein to a subject in need thereof, including a mammal, particularly a human. Such
treatment will be suitably administered to subjects, particularly humans, suffering from,
having, susceptible to, or at risk for a disease, disorder, or symptom thereof. Determination of
those subjects "at risk" can be made by any objective or subjective determination by a
diagnostic test or opinion of a subject or health care provider (e.g., genetic test, enzyme or
protein marker, marker (as defined herein), family history, and the like).

In one embodiment, the disclosure provides a method of monitoring treatment progress.
The method includes the step of determining a level of changes in hematological parameters
and/or cancer stem cell (CSC) analysis with cell surface proteins as diagnostic markers (which
can include, for example, but are not limited to CD34, CD38, CD90, and CD117) or diagnostic

measurement (e.g., screen, assay) in a subject suffering from or susceptible to a disorder or
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symptoms thereof associated with cancer (e.g., leukemia) in which the subject has been
administered a therapeutic amount of a composition as described herein. The level of marker
determined in the method can be compared to known levels of marker either in healthy normal
controls or in other afflicted patients to establish the subject's disease status. In preferred
5  embodiments, a second level of marker in the subject is determined at a time point later than
the determination of the first level, and the two levels are compared to monitor the course of
disease or the efficacy of the therapy. In certain preferred embodiments, a pre-treatment level
of marker in the subject is determined prior to beginning treatment according to the methods
described herein; this pre-treatment level of marker can then be compared to the level of marker
10 in the subject after the treatment commences, to determine the efficacy of the treatment.

D. Additional Therapy

In certain embodiments, the compositions and methods of the present embodiments
involve a bone-targeting antibody conjugate, in combination with a second or additional
therapy. Such therapy can be applied in the treatment of any disease with bone tumors. For

15  example, the disease may be a bone cancer or bone metastasis.

In certain embodiments, the compositions and methods of the present embodiments
involve a bone-targeting antibody conjugate in combination with at least one additional
therapy. The additional therapy may be radiation therapy, surgery (e.g., lumpectomy and a
mastectomy), chemotherapy, gene therapy, DNA therapy, viral therapy, RNA therapy,

20 immunotherapy, bone marrow transplantation, nanotherapy, monoclonal antibody therapy, or
a combination of the foregoing. The additional therapy may be in the form of adjuvant or

neoadjuvant therapy.

The methods and compositions, including combination therapies, enhance the

therapeutic or protective effect, and/or increase the therapeutic effect of another anti-cancer or

25  anti-hyperproliferative therapy. Therapeutic and prophylactic methods and compositions can
be provided in a combined amount effective to achieve the desired effect, such as the killing of

a cancer cell and/or the inhibition of cellular hyperproliferation. This process may involve
contacting the cells with both an antibody or antibody fragment and a second therapy. A tissue,
tumor, or cell can be contacted with one or more compositions or pharmacological

30 formulation(s) comprising one or more of the agents (i.e., antibody or antibody fragment or an
anti-cancer agent), or by contacting the tissue, tumor, and/or cell with two or more distinct
compositions or formulations, wherein one composition provides 1) an antibody or antibody

fragment, 2) an anti-cancer agent, or 3) both an antibody or antibody fragment and an anti-
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cancer agent. Also, it is contemplated that such a combination therapy can be used in

conjunction with chemotherapy, radiotherapy, surgical therapy, or immunotherapy.

The terms “contacted” and “exposed,” when applied to a cell, are used herein to

describe the process by which a therapeutic construct and a chemotherapeutic or

5 radiotherapeutic agent are delivered to a target cell or are placed in direct juxtaposition with
the target cell. To achieve cell killing, for example, both agents are delivered to a cell in a

combined amount effective to kill the cell or prevent it from dividing.

An inhibitory antibody may be administered before, during, after, or in various
combinations relative to an anti-cancer treatment. The administrations may be in intervals

10  ranging from concurrently to minutes to days to weeks. In embodiments where the antibody
or antibody fragment is provided to a patient separately from an anti-cancer agent, one would
generally ensure that a significant period of time did not expire between the time of each
delivery, such that the two compounds would still be able to exert an advantageously combined
effect on the patient. In such instances, it is contemplated that one may provide a patient with

15  the antibody therapy and the anti-cancer therapy within about 12 to 24 or 72 h of each other
and, more particularly, within about 6-12 h of each other. In some situations, it may be
desirable to extend the time period for treatment significantly where several days (2, 3, 4, 5, 6,

or 7) to several weeks (1, 2, 3,4, 5, 6, 7, or 8) lapse between respective administrations.

In certain embodiments, a course of treatment will last 1-90 days or more (this such

20  range includes intervening days). It is contemplated that one agent may be given on any day
of day 1 to day 90 (this such range includes intervening days) or any combination thereof, and
another agent is given on any day of day 1 to day 90 (this such range includes intervening days)

or any combination thereof. Within a single day (24-hour period), the patient may be given

one or multiple administrations of the agent(s). Moreover, after a course of treatment, it is

25  contemplated that there is a period of time at which no anti-cancer treatment is administered.
This time period may last 1-7 days, and/or 1-5 weeks, and/or 1-12 months or more (this such
range includes intervening days), depending on the condition of the patient, such as their
prognosis, strength, health, efc. It is expected that the treatment cycles would be repeated as

necessary.
30 In some embodiments, the additional therapy is the administration of small molecule

enzymatic inhibitor or anti-metastatic agent. In some embodiments, the additional therapy is
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the administration of side- effect limiting agents (e.g., agents intended to lessen the occurrence
and/or severity of side effects of treatment, such as anti-nausea agents, e7c.). In some
embodiments, the additional therapy is radiation therapy. In some embodiments, the additional
therapy is surgery. In some embodiments, the additional therapy is a combination of radiation
therapy and surgery. In some embodiments, the additional therapy is gamma irradiation. In
some embodiments, the additional therapy is therapy targeting PBK/AKT/mTOR pathway,
HSP90 inhibitor, tubulin inhibitor, apoptosis inhibitor, and/or chemopreventative agent. The

additional therapy may be one or more of the chemotherapeutic agents known in the art.

Various combinations may be employed. For the example below a bone-targeting

antibody conjugate, is “A” and an anti-cancer therapy is “B”:

A/B/A B/A/B B/B/A A/A/B A/B/B B/A/A A/B/B/B B/A/B/B
B/B/B/A  B/B/A/B A/A/B/B A/B/A/B A/B/B/A  B/B/A/A
B/A/B/A B/A/A/B  A/A/A/B  B/A/A/A A/B/A/A  A/A/B/A

Administraticn of any compound or therapy of the present embodiments to a patient
will follow general protocols for the administration of such compounds, taking into account
the toxicity, if any, of the agents. Therefore, in some embodiments there is a step of monitoring

toxicity that is attributable to combination therapy.

1. Chemotherapy

A wide variety of chemotherapeutic agents may be used in accordance with the present
embodiments. The term “chemotherapy” refers to the use of drugs to treat cancer. A
“chemotherapeutic agent” is used to connote a compound or composition that is administered
in the treatment of cancer. These agents or drugs are categorized by their mode of activity
within a cell, for example, whether and at what stage they affect the cell cycle. Alternatively,
an agent may be characterized based on its ability to directly cross-link DINA, to intercalate
into DNA, or to induce chromosomal and mitotic aberrations by affecting nucleic acid

synthesis.

Examples of chemotherapeutic agents include alkylating agents, such as thiotepa and
cyclosphosphamide; alkyl sulfonates, such as busulfan, improsulfan, and piposulfan;
aziridines, such as benzodopa, carboquone, meturedopa, and uredopa; ethylenimines and
methylamelamines, including altretamine, triethylenemelamine, trietylenephosphoramide,

triethiylenethiophosphoramide, and trimethylolomelamine; acetogenins (especially bullatacin
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and bullatacinone); a camptothecin (including the synthetic analogue topotecan); bryostatin;
callystatin; CC-1065 (including its adozelesin, carzelesin and bizelesin synthetic analogues),
cryptophycins (particularly cryptophycin 1 and cryptophycin 8); dolastatin; duocarmycin
(including the synthetic analogues, KW-2189 and CB1-TM 1), eleutherobin; pancratistatin; a
sarcodictyin; spongistatin, nitrogen mustards, such as chlorambucil, chlornaphazine,
cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, and uracil
mustard; nitrosureas, such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine,
and ranimnustine; antibiotics, such as the enediyne antibiotics (e.g., calicheamicin, especially
calicheamicin gammall and calicheamicin omegall); dynemicin, including dynemicin A;
bisphosphonates, such as clodronate; an esperamicin; as well as neocarzinostatin chromophore
and related chromoprotein enediyne antiobiotic chromophores, aclacinomysins, actinomycin,
authrarnycin, azaserine, bleomycins, cactinomycin, carabicin, carminomycin, carzinophilin,
chromomycinis, dactinomycin, daunorubicin, dctorubicin, 6-diazo-5-oxo-L-norlcucing,
doxorubicin (including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-
doxorubicin and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin,
mitomycins, such as mitomycin C, mycophenolic acid, nogalamycin, olivomycins,
peplomycin, potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin,
tubercidin, ubenimex, zinostatin, and zorubicin; anti-metabolites, such as methotrexate and 5-
fluorouracil (5-FU); folic acid analogues, such as denopterin, pteropterin, and trimetrexate;
purine analogs, such as [(ludarabine, 6-mercaptopurine, thiamiprine, and thioguanine,
pyrimidine analogs, such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine,
dideoxyuridine, doxifluridine, enocitabine, and floxuridine; androgens, such as calusterone,
dromostanolone propicnate, epitiostanol, mepitiostane, and testolactone; anti-adrenals, such as
mitotane and trilostane; folic acid replenisher, such as frolinic acid; aceglatone;
aldophosphamide glycoside; aminolevulinic acid; eniluracil, amsacrine; bestrabucil,;
bisantrene; edatraxate; defofamine; demecolcine; diaziquone; elformithine; elliptinium acetate;
an epothilone; etoglucid; gallium nitrate; hydroxyurea; lentinan; lonidainine; maytansinoids,
such as maytansine and ansamitocins; mitoguazone;, mitoxantrone; mopidanmol; nitraerine;
pentostatin; phenamet; pirarubicin; losoxantrone; podophyllinic acid; 2-ethylhydrazide;
procarbazine; PSKpolysaccharide complex; razoxane; rhizoxin; sizofiran; spirogermanium;
tenuazonic acid; triaziquone; 2,2'2”-trichlorotriethylamine; trichothecenes (especially T-2
toxin, verracurin A, roridin A and anguidine); urethan; vindesine; dacarbazine; mannomustine;

mitobronitol; mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”); cyclophosphamide;
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taxoids, e.g., paclitaxel and docetaxel gemcitabine; 6-thioguanine; mercaptopurine; platinum
coordination complexes, such as cisplatin, oxaliplatin, and carboplatin; vinblastine; platinum;
etoposide (VP-16); ifosfamide; mitoxantrone; vincristine; vinorelbine; novantrone; teniposide;
edatrexate; daunomycin, aminopterin; xeloda; ibandronate; irinotecan (e.g., CPT-11);
topoisomerase inhibitor RFS 2000; difluorometlhylornithine (DMFO); retinoids, such as
retinoic acid; capecitabine; carboplatin, procarbazine,plicomycin, gemcitabien, navelbine,
farnesyl-protein tansferase inhibitors, transplatinum, and pharmaceutically acceptable salts,

acids, or derivatives of any of the above.

2. Radiotherapy

Other factors that cause DNA damage and have been used extensively include what are
commonly known as v-rays, X-rays, and/or the directed delivery of radioisotopes to tumor
cells. Other forms of DNA damaging factors are also contemplated, such as microwaves,
proton beam irradiation (U.S. Patents 5,760,395 and 4,870,287), and UV-irradiation. It is most
likely that all of these factors affect a broad range of damage on DNA, on the precursors of
DNA, on the replication and repair of DNA, and on the assembly and maintenance of
chromosomes. Dosage ranges for X-rays range from daily doses of 50 to 200 roentgens for
prolonged periods of time (3 to 4 wk), to single doses of 2000 to 6000 roentgens. Dosage
ranges for radioisotopes vary widely, and depend on the half-life of the isotope, the strength

and type of radiation emitted, and the uptake by the neoplastic cells.

3. Immunotherapy

The skilled artisan will understand that additional immunotherapies may be used in
combination or in conjunction with methods of the embodiments. In the context of cancer
treatment, immunotherapeutics, generally, rely on the use of immune effector cells and
molecules to target and destroy cancer cells. Rituximab (RITUXAN®) is such an example.
The immune effector may be, for example, an antibody specific for some marker on the surface
of a tumor cell. The antibody alone may serve as an effector of therapy or it may recruit other
cells to actually affect cell killing. The antibody also may be conjugated to a drug or toxin
(chemotherapeutic, radionuclide, ricin A chain, cholera toxin, pertussis toxin, etc.) and serve
as a targeting agent. Alternatively, the effector may be a lymphocyte carrying a surface
molecule that interacts, either directly or indirectly, with a tumor cell target. Various effector

cells include cytotoxic T cells and NK cells
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Antibody-drug conjugates have emerged as a breakthrough approach to the
development of cancer therapeutics. Cancer is one of the leading causes of deaths in the world.
Antibody—drug conjugates (ADCs) comprise moncclonal antibodies (MAbs) that are
covalently linked to cell-killing drugs. This approach combines the high specificity of MAbs
against their antigen targets with highly potent cytotoxic drugs, resulting in “armed” M Abs that
deliver the payload (drug) to tumor cells with enriched levels of the antigen (Carter ez al., 2008;
Teicher 2014; Leal ef al., 2014). Targeted delivery of the drug also minimizes its exposure in
normal tissues, resulting in decreased toxicity and improved therapeutic index. The approval
of two ADC drugs, ADCETRIS® (brentuximab vedotin) in 2011 and KADCYLA®
(trastuzumab emtansine or T-DM1) in 2013 by FDA wvalidated the approach. There are
currently more than 30 ADC drug candidates in various stages of clinical trials for cancer
treatment (Leal ef al., 2014). As antibody engineering and linker-payload optimization are
becoming more and more mature, the discovery and development of new ADCs are
incrcasingly dependent on the identification and validation of new targets that arc suitablc to
this approach (Teicher 2009) and the generation of targeting MAbs. Two criteria for ADC

targets are upregulated/high levels of expression in tumor cells and robust internalization.

In one aspect of immunotherapy, the tumor cell must bear some marker that is amenable
to targeting, i.e., is not present on the majority of other cells. Many tumor markers exist and
any of these may be suitable for targeting in the context of the present embodiments. Common
tumor markers include CD20, carcinoembryonic antigen, tyrosinase (p97), gp68, TAG-72,
HMFG, Sialyl Lewis Antigen, MucA, MucB, PLAP, laminin receptor, erb B, and p155. An
alternative aspect of immunotherapy is to combine anticancer effects with immune stimulatory
effects. Immune stimulating molecules also exist including: cytokines, such as IL-2, IL-4, IL-
12, GM-CSF, gamma-IFN, chemokines, such as MIP-1, MCP-1, IL-8, and growth factors, such
as FLT3 ligand.

Examples of immunotherapies currently under investigation or in use are immune
adjuvants, e.g., Mycobacterium bovis, Plasmodium falciparum, dinitrochlorobenzene, and
aromatic compounds (U.S. Patents 5,801,005 and 5,739,169; Hui and Hashimoto, 1998;
Christodoulides ef al., 1998); cytokine therapy, e.g., interferons o, 3, and v, IL-1, GM-CSF,
and TNF (Bukowski ef al., 1998; Davidson ef al., 1998; Hellstrand e al., 1998); gene therapy,
e.g., TNF, IL-1, IL-2, and p53 (Qin ef al., 1998; Austin-Ward and Villaseca, 1998; U.S. Patents
5,830,880 and 5,846,945); and monoclonal antibodies, e.g., anti-CD20, anti-ganglioside GM2,
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and anti-p185 (Hollander, 2012; Hanibuchi ef af., 1998; U.S. Patent 5,824311). It is
contemplated that one or more anti-cancer therapies may be employed with the antibody

therapies described herein.

In some embodiments, the immunotherapy may be an immune checkpoint inhibitor.
Immune checkpoints are molecules in the immune system that either turn up a signal (e.g., co-
stimulatory molecules) or turn down a signal. Inhibitory checkpoint molecules that may be
targeted by immune checkpoint blockade include adenosine A2A receptor (A2AR), B7-H3
(also known as CD276), B and T lymphocyte attenuator (BTLA), cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4, also known as CD152), indoleamine 2,3-dioxygenase (IDO),
killer-cell immunoglobulin (KIR), lymphocyte activation gene-3 (LAG3), programmed death
1 (PD-1), T-cell immunoglobulin domain and mucin domain 3 (TIM-3) and V-domain Ig
suppressor of T cell activation (VISTA). In particular, the immune checkpoint inhibitors target

the PD-1 axis and/or CTLA-4.

The immune checkpoint inhibitors may be drugs such as small molecules, recombinant
forms of ligand or receptors, or, in particular, are antibodies, such as human antibodies (e.g.,
International Patent Publication WO2015016718; Pardoll, Nat Rev Cancer, 12(4). 252-64,
2012; both incorporated herein by reference). Known inhibitors of the immune checkpoint
proteins or analogs thereof may be used, in particular chimerized, humanized or human forms
of antibodies may be used. As the skilled person will know, alternative and/or equivalent names
may be in use for certain antibodies mentioned in the present disclosure. Such alternative and/or
equivalent names are interchangeable in the context of the present invention. For example it is
known that lambrolizumab is also known under the alternative and equivalent names MK-3475

and pembrolizumab.

In some embodiments, the PD-1 binding antagonist is a molecule that inhibits the
binding of PD-1 to its ligand binding partners. In a specific aspect, the PD-1 ligand binding
partners are PDL1 and/or PDL2. In another embodiment, a PDL1 binding antagonist is a
molecule that inhibits the binding of PDL1 to its binding partners. In a specific aspect, PDL1
binding partners are PD-1 and/or B7-1. In another embodiment, the PDL2 binding antagonist
is a molecule that inhibits the binding of PDL2 to its binding partners. In a specific aspect, a
PDL2 binding partner is PD-1. The antagonist may be an antibody, an antigen binding fragment
thereof, an immunoadhesin, a fusion protein, or oligopeptide. Exemplary antibodies are
described in U.S. Patent Nos. US8735553, US8354509, and US8008449, all incorporated
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herein by reference. Other PD-1 axis antagonists for use in the methods provided herein are
known in the art such as described in U.S. Patent Application No. US20140294898,
US2014022021, and US20110008369, all incorporated herein by reference.

In some embodiments, the PD-1 binding antagonist is an anti-PD-1 antibody (e.g., a
human antibody, a humanized antibody, or a chimeric antibody). In some embodiments, the
anti-PD-1 antibody is selected from the group consisting of nivolumab, pembrolizumab, and
CT-011. In some embodiments, the PD-1 binding antagonist is an immunoadhesin (e.g., an
immunoadhesin comprising an extracellular or PD-1 binding portion of PDL1 or PDL2 fused
to a constant region (e.g., an Fc region of an immunoglobulin sequence). In some embodiments,
the PD-1 binding antagonist is AMP- 224, Nivolumab, also known as MDX-1106-04, MDX-
1106, ONO-4538, BMS-936558, and OPDIVO®, is an anti-PD-1 antibody described in
W02006/121168. Pembrolizumab, also known as MK-3475, Merck 3475, lambrolizumab,
KEYTRUDA®, and SCH-900475, is an anti-PD-1 antibody described in W02009/114335. CT-
011, also known as hBAT or hBAT-1, is an anti-PD-1 antibody described in WO2009/101611.
AMP-224, also known as B7-DClg, is a PDL2-Fc fusion soluble receptor described in
W02010/027827 and WO2011/066342.

Another immune checkpoint that can be targeted in the methods provided herein is the
cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), also known as CD152. The complete
cDNA sequence of human CTLA-4 has the Genbank accession number L15006. CTLA-4 is
found on the surface of T cells and acts as an “oft” switch when bound to CD80 or CD86 on
the surface of antigen-presenting cells. CTLA4 is a member of the immunoglobulin
superfamily thatis expressed on the surface of Helper T cells and transmits an inhibitory signal
to T cells. CTLA4 is similar to the T-cell co-stimulatory protein, CD28, and both molecules
bind to CD80 and CD86, also called B7-1 and B7-2 respectively, on antigen-presenting cells.
CTLA4 transmits an inhibitory signal to T cells, whereas CD28 transmits a stimulatory signal.
Intracellular CTLLA4 is also found in regulatory T cells and may be important to their function.
T cell activation through the T cell receptor and CD28 leads to increased expression of CTLA-

4, an inhibitory receptor for B7 molecules.

In some embodiments, the immune checkpoint inhibitor is an anti-CTLA-4 antibody
(e.g., a human antibody, a humanized antibody, or a chimeric antibody), an antigen binding

fragment thereof, an immunoadhesin, a fusion protein, or oligopeptide.
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Anti-human-CTLA-4 antibodies (or VH and/or VL domains derived therefrom)
suitable for use in the present methods can be generated using methods well known in the art.
Alternatively, art recognized anti-CTLA-4 antibodies can be used. For example, the anti-
CTLA-4 antibodies disclosed in: US 8,119,129, WO 01/14424, WO 98/42752; WO 00/37504
(CP675,2006, also known as tremelimumab; formerly ticilimumab), U.S. Patent No. 6,207,156;
Hurwitz ef al. (1998) Proc Natl Acad Sci USA 95(17): 10067-10071; Camacho ef al. (2004) ]
Clin Oncology 22(145): Abstract No. 2505 (antibody CP-675206); and Mokyr ef al. (1998)
Cancer Res 58:5301-5304 can be used in the methods disclosed herein. The teachings of each
of the aforementioned publications are hereby incorporated by reference. Antibodies that
compete with any of these art-recognized antibodies for binding to CTLA-4 also can be used.
For example, a humanized CTLA-4 antibody is described in International Patent Application
No. W02001014424, W0O2000037504, and U.S. Patent No. US8017114; all incorporated

herein by reference.

An exemplary anti-CTLA-4 antibody is ipilimumab (also known as 10D1, MDX- 010,
MDX- 101, and Yervoy®) or antigen binding fragments and variants thereof (see, e.g., WOO
1/14424). In other embodiments, the antibody comprises the heavy and light chain CDRs or
VRs of ipilimumab. Accordingly, in one embodiment, the antibody comprises the CDR1,
CDR2, and CDR3 domains of the VH region of ipilimumab, and the CDR1, CDR2 and CDR3
domains of the VL region of ipilimumab. In another embodiment, the antibody competes for
binding with and/or binds to the same epitope on CTLA-4 as the above- mentioned antibodies.
In another embodiment, the antibody has at least about 90% variable region amino acid
sequence identity with the above-mentioned antibodies (e.g., at least about 90%, 95%, or 99%

variable region identity with ipilimumab).

Other molecules for modulating CTLA-4 include CTLA-4 ligands and receptors such
as described in U.S. Patent Nos. US5844905, US5885796 and International Patent Application
Nos. W01995001994 and WO1998042752; all incorporated herein by reference, and
immunoadhesions such as described in U.S. Patent No. US8329867, incorporated herein by

reference.

4. Surgery

Approximately 60% of persons with cancer will undergo surgery of some type, which
includes preventative, diagnostic or staging, curative, and palliative surgery. Curative surgery

includes resection in which all or part of cancerous tissue is physically removed, excised,
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and/or destroyed and may be used in conjunction with other therapies, such as the treatment of
the present embodiments, chemotherapy, radiotherapy, hormonal therapy, gene therapy,
immunotherapy, and/or alternative therapies. Tumor resection refers to physical removal of at
least part of a tumor. In addition to tumor resection, treatment by surgery includes laser

S5 surgery, cryosurgery, electrosurgery, and microscopically-controlled surgery (Mohs’ surgery).

Upon excision of part or all of cancerous cells, tissue, or tumor, a cavity may be formed
in the body. Treatment may be accomplished by perfusion, direct injection, or local application
of the area with an additional anti-cancer therapy. Such treatment may be repeated, for
example, every 1,2, 3,4, 5,6, or 7 days, orevery 1, 2, 3, 4, and 5 weeks orevery 1, 2, 3,4, 5,

10  6,7,8,9,10, 11, or 12 months. These treatments may be of varying dosages as well.

5. Other Agents

It is contemplated that other agents may be used in combination with certain aspects of
the present embodiments to improve the therapeutic efficacy of treatment. These additional
agents include agents that affect the upregulation of cell surface receptors and GAP junctions,

15  cytostatic and differentiation agents, inhibitors of cell adhesion, agents that increase the
sensitivity of the hyperproliferative cells to apoptotic inducers, or other biological agents.
Increases in intercellular signaling by elevating the number of GAP junctions would increase
the anti-hyperproliferative effects on the neighboring hyperproliferative cell population. In
other embodiments, cytostatic or differentiation agents can be used in combination with certain

20  aspects of the present embodiments to improve the anti-hyperproliferative efficacy of the
treatments. Inhibitors of cell adhesion are contemplated to improve the efficacy of the present
embodiments. Examples of cell adhesion inhibitors are focal adhesion kinase (FAKs)
inhibitors and Lovastatin. It is further contemplated that other agents that increase the
sensitivity of a hyperproliferative cell to apoptosis, such as the antibody ¢225, could be used in

25  combination with certain aspects of the present embodiments to improve the treatment efficacy.

III. Kits

In various aspects of the embodiments, a kit is envisioned containing therapeutic agents
and/or other therapeutic and delivery agents. In some embodiments, the present embodiments
contemplates a kit for preparing and/or administering an antibody composition of the

30 embodiments. The kit may comprise one or more scaled vials containing any of the

pharmaceutical compositions of the present embodiments. The kit may include, for example,
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conjugated antibodies as well as reagents to prepare, formulate, and/or administer the
components of the embodiments or perform one or more steps of the inventive methods. In
some embodiments, the kit may also comprise a suitable container, which is a container that
will not react with components of the kit, such as an eppendorf tube, an assay plate, a syringe,
5 abottle, or a tube. The container may be made from sterilizable materials such as plastic or

glass.

The kit may further include an instruction sheet that outlines the procedural steps of the

methods set forth herein, and will follow substantially the same procedures as described herein

or are known to those of ordinary skill in the art. The instruction information may be in a

10  computer readable media containing machine-readable instructions that, when executed using
a computer, cause the display of a real or virtual procedure of delivering a pharmaceutically

effective amount of a therapeutic agent.
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IV. Examples

The following examples are included to demonstrate preferred embodiments of the
disclosure. It should be appreciated by those of skill in the art that the techniques disclosed in
the examples which follow represent techniques discovered by the inventor to function well in
the practice of the disclosure, and thus can be considered to constitute preferred modes for its
practice. However, those of skill in the art should, in light of the present disclosure, appreciate
that many changes can be made in the specific embodiments which are disclosed and still obtain

a like or similar result without departing from the spirit and scope of the disclosure.

Example 1 — Antibodies for Bone Metastasis

Development of the First Bone-Targeting Antibody using BonTarg. To explore the
possibility of specifically delivering therapeutic antibodies to the bone via conjugation to BP
molecules, a model was designed using the HER2 targeting antibody trastuzumab (Tras) and
the BP drug Alendronate (ALN). ALN is a second-generation BP drug that is used as a bone-
targeting agent as well as a regimen for treating osteoporosis and bone metastasis *>! To ensure
that ALN conjugation does not impair the therapeutic efficacy of the antibody, a novel
proximity-induced antibody conjugation strategy named pClick was employed.®! pClick
technology enables the site-specific attachment of payloads to native antibodies under mild
conditions, thus minimizing the disruption of binding to the antigen receptor or the FcyRIII
receptor, the receptor responsible for activating antibody-dependent cell-mediated cytotoxicity
(ADCC). The pClick technology does not rely on antibody engineering or on the
UV/chemical/enzymatic treatments that characterize the generation of most therapeutic
antibodies. To prepare trastuzumab-Alendronate conjugates (Tras-ALN), pClick was used to
generate Tras containing an azide functional moiety, followed by reaction with
bicyclo[6.1.0]nonyne (BCN)-functionalized ALN (FIG. 1A, and FIGS. 5-8). The resulting
Tras-ALN was further purified on a desalting column and fully characterized by SDS-PAGE
and ESI-MS (FIG. 1B, C). No unconjugated heavy chain or degradation products were revealed
by SDS-PAGE, indicating a more than 95% coupling efficiency. ESI-MS analysis also revealed
that more than 95% of the heavy chain was conjugated with the ALN molecule.

Antibody Conjugation to ALN Retains Antigen Binding and Specificity. To
investigate the effect of ALN conjugation on antigen-binding affinity and specificity, binding
affinities of Tras and Tras-ALN were assessed by flow cytometry analysis of HER2-positive
and negative cell lines. FIG. 1D reveals that both Tras and Tras-ALN have strong binding
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affinities for the HER2-expressing cell lines BT474, SK-BR-3, and MDA-MB-361, but not for
the HER2-negative cell line MDA-MB-468, suggesting that the antibody specificity was not
altered by ALN conjugation (Table 1). The Kd values for binding to HER2-positive cells are
within a similar range for Tras and Tras-ALN (BT474, 3.0 vs 3.8 nM; SK-BR-3,2.3 vs 3.0 nM,
respectively), indicating that ALN conjugation does not affect the strength of antigen-binding
(FIGS. 8-11). Confocal fluorescent imaging further confirms that Tras-ALN retains antigen
binding and specificity (FIG. 12). HER2-positive BT474 and SK-BR-3 cells, and HER2-
negative MDA-MB-468 cells were incubated for 30 mins with fluorescein isothiocyanate
(FITC)-labeled Tras-ALN. Confocal imaging indicates that cell-surface-associated
fluorescence is only exhibited for HER2-positive BT474 and SK-BR-3 cells, and not for
HER2-negative MDA-MB-468 cells (FIG. 12). Thus, ALN modification of Tras does not affect
its antigen-binding affinity and specificity. Next, the Tras-ALN conjugate was tested for
selective cytotoxicity against HER2-expressing and HER2-negative breast cancer cells. As
shown in FIGS. 1E, 1F, 1G and Tablc 1, the Tras-ALN conjugatc cxhibits cytotoxic activity
against HER2-positive BT-474 cells (ECso of 2.3 = 0.7 pg/ml) and MDA-MB-361 (ECso of 78
+ 21 pg/ml) that is indistinguishable from that of Tras (ECso of 1.4 £ 0.9 pg/ml and ECso of
57 £ 10 pg/ml). Neither antibody kills HER2-negative MDA-MB-468 cells (ECsp >500 pg/ml).
These results indicate that conjugation of the negatively charged moiety ALN preserves the
antigen-binding and #n vifro anti-tumor cell activity of the Tras antibody.

Enhanced Targeting of the Bone Metastatic Niche by Tras-ALN in vifro and in
vivo. Nexl, the ability of the Tras-ALN conjugate (o target bone lissue was explored. Non-
decalcified bone sections from C57BL/6 mice were incubated overnight at 4°C with 50 pg/mL
Tras or Tras-ALN conjugate, followed by labeling with FITC-labeled anti-human 1gG. Before
imaging via confocal laser scanning microscopy, these bone sections were further stained for
30 min with 4 pg/mL xylenol orange (XO, known to label bone). A FITC signal was observed
in sections stained with the Tras-ALN conjugate, but not in sections stained with unmodified
Tras (FIG. 1H). Furthermore, localization of the Tras-ALN signal correlated well with the XO
signal, confirming the specific targeting of bone by Tras-ALLN. To quantify the difference in
affinity between binding of the Tras-ALN conjugate and unmodified Tras, Tras-ALN and Tras
were incubated with hydroxyapatite or native bone. As shown in FIGS. 11 and 1J, unmodified
Tras exhibited only slight binding to HA or native bone. Even with an increase in the incubation
time, the binding affinity of Tras did not change significantly. In contrast, approximately 80%-
90% of Tras-ALN was bound to HA and native bone after 2 h and 10 h, respectively.
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Encouraged by the iz vifro bone-targeting ability of ALN-conjugated Tras, an in vivo
biodistribution study was carried out with the Tras-ALN conjugate using a tumor xenograft
model. To facilitate the detection of antibodies in vivo, Tras and Tras-ALN were first
conjugated with Cyanine 7.5 (Cy7.5)-hydroxysuccinimide (NHS) ester. The resulting Cy7.5
labeled conjugates were analyzed using SDS-PAGE. As expected, fluorescence was associated
only with the Cy7.5-labeled conjugates (FIG. 1B). An important feature of BP is that uptake
of bisphosphonate into bone metastases is much higher than in healthy bone tissue, due to the
relatively low pH of the bone metastatic microenvironment.>?>3 To investigate if ALN-Tras
can specifically target bone metastases, thus minimizing on-target toxicity to normal bone
tissue, the targeting properties of ALN-Tras was evaluated in a bone tumor model. A bone
micrometastasis model was created by using intra-iliac artery (IIA) injection of MDA-MB-361
cells labeled with luciferase and red fluorescent protein (RFP) into the right hind limbs of nude
mice. IIA injection is a novel technology recently developed in for establishing bone
micromctastascs. The mcthod allows for sclective delivery of cancer cells into hind limb boncs
without causing tissue damage.’*>® This technology allows sufficient time for some indolent
cells to eventually colonize the bone as well as a large number of cancer cells to specifically
colonize the bone, thereby enriching micrometastases in early stages. This allows for swift
detection and robust quantification of micrometastases. Establishment of micrometastases was
followed by treatment with Tras or Tras-ALN (1 mg/kg). 24, 96 or 168 hrs after administration
of antibody or antibody conjugate, the major organs, including heart, liver, spleen, kidney, lung,
and bone, were removed and analyzed using the Caliper IVIS Lumina IT imager (FIGS. 1K and
13). Significantly, ex vivo fluorescence images at 96 h post-injection of antibody confirmed
clear accumulation of Cy7.5-labeled Tras-ALN in the bone compared with Cy7.5-labeled Tras
(FIGS. 1K and 14). Furthermore, the uptake of Tras-ALN into cancer-bearing bones was
significantly higher than into healthy bone tissue. This is consistent with previous observations
that BP molecules prefer to bind to the bone matrix in an acidic tumor environment.*’ In a
separate study, unlabeled Tras-ALN (1 mg/kg) was administered into the nude mice bearing
MDA-MB-361 tumor in the right hind limb. Bone sections from this study were also stained
with FITC-labeled anti-human IgG, RFP and DAPI. FITC signals were only observed in
sections from the right leg harboring MDA-MB-361 tumors. No FITC signals were detected in
the left leg without tumors (FIG. 1L). Significantly, the FITC signal correlated well with the
red fluorescence of MDA-MB-361 cells, suggesting that Tras-ALN conjugate selectively
targets the bone metastatic site, but not healthy bone. These results demonstrate that ALN
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conjugation can significantly enhance the delivery and concentration of therapeutic antibodies

in bone metastatic sites.

Next, the effect of ALN-conjugation on the pharmacokinetics and FcRn binding of
antibodies was evaluated. A single dose of 1 mg/kg Tras and Tras-ALN in PBS were injected
retro-orbitally, and serum was collected at regular intervals for 7 days and analyzed by
Trastuzumab ELISA Kit. The serum concentration of both Tras and Tras-ALN decreased and
did not show significant differences (FIG. 13). Next, the effect of ALN conjugation on FcRn
binding was determined. It was found that the ALN conjugation doesn’t have an obvious effect

on the FcRn binding at pH 6.0 (Table 4).

Enhanced Therapeutic Efficacy of Tras-ALN Against Bone Micrometastases. To
determine whether bone-targeting trastuzumab represents a novel therapeutic approach for
treating micrometastases of breast cancer in the bone, a xenograft study was carried out in nude
mice. Using intra-iliac artery (ITA) injection, the right hind limbs of nude mice were inoculated
with 5 x 10° MDA-MB-361 cells labeled with firefly luciferase. Five days after the ITA
injections, mice were treated with phosphate-buffered saline (PBS), ALN (10 pg/kg), Tras (1
mg/kg), or Tras-ALN (1 mg/kg) via retro-orbital injection. As shown in FIGS. 2A and 15,
micrometastases in PBS- and ALN-treated mice accumulated rapidly, while development of
lesions in Tras- and Tras-ALN-treated mice was delayed. Whole-body bioluminescence
imaging (BLI) signals suggested that treatment with Tras-ALN resulted in more significant
inhibition of micrometastasis progression, compared to that seen in Tras-treated mice (FIGS.
16A and 16B). The increases in BLI from day 6 to 87 showed that the Tras-ALN-treated group
had fewer fold-increases in the tumor sizes compared to Tras-treated group (Tras vs Tras-ALN:
1965.1 = 798.3 vs 42.6 =+ 23.4, FIGS. 2B and 2C). As the bone metastasis were built in the
hind limbs, the effect of Tras-ALN on the BLI signal in the hind limbs was also quantified.
Similar to whole-body BLI signal, Tras-ALN-treated group had less BLI signal intensity and
fewer fold-increase in the hind limbs (FI1G. 17). Moreover, survival of Tras-ALN-treated mice
was notably enhanced compared to that of PBS-, ALN-, and Tras-treated mice, demonstrating
the efficacy of Tras-ALN against HER2-positive cells in vivo (FIG. 2D). Furthermore, no
weight loss as a sign of ill health was observed in any of the treated mice, suggesting the

absence of toxicity associated with the hone-targeting antibodies (FIG. 2F)

These results were further confirmed by micro-computed tomography (microCT) data
and histology, emphasizing the finding that bone-targeting antibodies can decrease both the

number and the extent of osteolytic lesions. As shown in FIGS. 2F and 18, femurs from PBS-,

36

CA 03205538 2023-7-19



10

15

20

25

30

WO 2022/159492 PCT/US2022/012982

ALN-, and Tras-treated groups exhibited significant losses of bone mass, while bone loss in
the Tras-ALN-treated group was much reduced. Quantitative analysis revealed that the Tras-
ALN-treated group had significantly higher bone volume (FIG. 2G,. 6B: BV/TV (%), 35.08 +
2.65 vs 56.67 = 1.02, p=0.0005) thicker trabecular bone (FIG. 2H, Tb.Th (mm), 0.061 = 0.003
vs 0.094 + 0.002, p=0.003), and higher trabecular bone mineral density (FIG. 2I, BMD
(mg/mm?), 101.16 + 12.24 vs 165.94 &= 12.84, p=0.035) compared to the Tras-treated group.

Tumor size was also analyzed by histomorphometric analysis of the bone sections.
Tibiae and femurs from the PBS-treated and ALN-treated groups had high tumor burdens (FIG.
2J). Tras treatment slightly reduced the tumor burden, but the reduction was not statistically
significant. In contrast, a significant reduction of tumor burden was observed in the Tras-ALN-
treated group. Histological examination of the bone samples from various treatment groups
reveals that bone matrix is generally destroyed in bones with high tumor burden, whereas bones
with less tumor burden in the Tras-ALN-treated group exhibit intact bone matrix. The reduction
of tumor burden was also confirmed by HER2 immunohistochemistry (IHC). As shown in FIG.
2K, the number of HER2-positive breast cancer cells was dramatically decreased in Tras-ALN-
treated mice, even though HER2 expression by individual tumor cells was unchanged. This
suggests that extended treatment with Tras-ALN has no effect on HER2 expression by MDA-
MB-361 cells.

To examine Tras-ALN inhibition of tumor-induced osteolytic bone destruction, the
bone-resorbing, tartrate-resistant, acid phosphatase-positive multinucleated osteoclasts were
examined in bone samples (FIG. 2K). Tartrate-resistant acid phosphatase (TRAP) staining
identified reduced numbers of osteoclasts (pink cells) lining the eroded bone surface in Tras-
ALN-treated mice, compared to Tras-treated mice (FIGS. 2K, 2L, and 19). Serum TRAcP 5b
and calcium levels, indicators of bone resorption, were also measured at the experimental
endpoint. Significantly higher reductions in bone resorption were observed in the Tras-ALN-
treated group (FIGS. 2M and 2N). Taken together, these results indicate that bisphosphonate
modification of therapeutic antibodies significantly enhanced their ability to retard the

development of micrometastasis-induced osteolytic lesions (Table 2).

To further evaluate the therapeutic efficacy of Tras-ALN in the presence of both primary
and secondary tumors, a xenograft study was carried out in nude mice, using both mammary
fat pad and IIA injections. For the cells inoculated in the right hind limbs, luciferase-labeled
MDA-MB-361 cells (2 x 10°) were used. For the mammary fat pad injection, non-labeled
MDA-MB-361 cells (1 x 10%) were injected. Six days after injection, mice were treated with
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Tras (1 mg/kg) and Tras-ALN (1 mg/kg). The tumor progressions of primary and bone
metastasis were monitored by tumor size measurement and bioluminescence, respectively.
Compared with the Tras-treated group, Tras-ALN had a significant effect in preventing tumor
growth in the hind limb (FIG. 27A-B). However, there was no significant growth difference
for the mammary fat pad tumor (FIG. 27C). These results suggested that Tras-ALN has a better
therapeutic effect on bone metastases, but a similar effect on primary tumor compared with

wild type Tras.

Tras-ALN inhibits multi-organ metastases from bone lesions. In more than two-
thirds of cases, bone metastases are not confined to the skeleton, but rather give rise to
subsequent metastases to other organs.”!’ While IIA injection was used to investigate early-
stage bone colonization, as these bone lesions progress over an 8-12 week period, metastases
begin to appear in other organs, including additional bones, lungs, liver, kidney, and brain.
Hence, the ability of Tras-ALN to reduce the metastasis of HER2-positive MDA-MB-361
cancer cells to other organs was investigated. As before, 5 x 10° MDA-MB-361 cells labeled
with firefly luciferase were introduced into the right hind limbs of nude mice via ITA injection,
followed by treatment with Tras (1 mg/kg) and Tras-ALN (1 mg/kg). Then, mice were
subjected to whole-body BLI twice a week following tumor-cell injection. The whole-body
and hind limbs BLI signals were quantified and showed in FIG. 20A. Secondary metastases in
various organs were calculated as follows: BLI signal in whole body — BLI signal in hind limbs.
As shown in FIG. 20, There was a time-dependent increase in the organs BLI signal to 10°
photons sec™ in the Tras treated group. And there was significant inhibition of BLI signal
accumulation in organs of Tras-ALN-treated group (P<0.0001). At the endpoint of the study.
mice were euthanized, and organs were harvested for bioluminescence imaging. Much higher
levels of right hind limb (100%), heart (20%), liver (80%), spleen (40%), lung (60%), kidney
(60%) and brain metastasis (40%) were observed in the Tras treated group, compared to the
right hind limb (42.9%) and liver (14.3%, FIGS. 3A, 3B, and 21) in the Tras-ALN group. Other
organs such as the lungs, spleen, kidney, and brain were devoid of metastases in Tras-ALN-
treated mice. Our data indicated that bone-targeting antibodies, compared to unmodified
antibodies, can significantly inhibit multi-organ metastases resulting from the dissemination of
initial bone micrometastases. Mice treated with Tras-ALN exhibited fewer metastases to other
organs than mice in the other treatment groups, establishing the ability of bone-targeting

antibodies to inhibit “metastasis-to-metastasis seeding”.
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Table 1. Potency and cell-surface reactivity of Tras and Tras-ALN against breast cancer

epithelial cell lines.

1IC50 {ugfmL) MFI increase (fold)
Cell Line Her2 Trash  Tras-ALN Tras Tras-ALN
Expression
BT-474 3+ 14 09 23+07 47.57 43.72
SK-BR-3 B+ e e 57.01 51.70
MDA-MB-361 2+ 57 £10 7821 23.50 31.30
MDA-MB-468 €] > 500 > 500 1.01 1.086

Abbreviations: MFI, median [Muorescence intensity. Binding was determined as the mean (old increase in median

5 fluorescence over the PBS control.

39

CA 03205538 2023-7-19



WO 2022/159492 PCT/US2022/012982

Table 2. Comparison of different treatment groups in multiple assays (MDA-MB-361

model).
BLI QOstecclast activity Body weight
Treatment Progression®  Fold-increase® Osteoclast  Serum TRACP Serum Progression’  Survivai
pumbere 5bd Calciums
PBS vs ALN NS NS * NS N3 NS NS
PBS vs Tras ek e e NS NS NS NS
PBS vs Tras-ALN - Pro s . on NS s
ALN vs Tras e i : NS N& NS NS
ALN vs Tras-ALN o T ek . « NS e
Tras vs Tras-ALN ERRK whwE x% * %% NS -

Abbreviations: ANOVA, analysis of variance; BLI, bioluminescence imaging; TRAP, tartrate-resistant acid
5 phosphatase. #Signal intensity of BLI in whole body over the course of the experiment. *Signal intensity fold-
increase of BLI after treatment (BLT of day 87/BLI of day 6). “Osteoclast number measurement from TR AP-
stained tibia/femur sections at the end of experiment. 4Serum TRACP 5b concentration at the end of experiment.
eSerum calcium concentration at the end of experiment. fBody weight progression over the course of the
experiment. #The mice BLI intensity over 107 was considered to reach the endpoint. “Pwere analyzed statistically
10 by using a two-way repeated-measure ANOV A followed by Sidak’s multiple comparisons test. % were analyzed
by using a one-way ANOVA followed by Tukey’s multiple comparisons test. 8was analyzed by using a log-rank

test. ¥**# < 0.0001, ***><0.001, ** <0.01, */°> <0.05, NS represents /> > 0.05.

Table 3. Comparison of 1ras and I'ras-ALN groups in multiple assays (MCF 7 model).

_________ BLI ______Osteoclast activity Body weight
Treatment Progression® Fold-increaset Serum Serurn Increase®  Survivalf
Calcium® TRACP 5k
Tras vs Tras-ALN i o * * NS -

Abbreviations: ANOVA, analysis of variancc; BLI, biolumincscence imaging; TRAP, tartratc-resistant acid
phosphatase. #Signal intensity of BLI in whole body over the course of the experiment. *Signal intensity fold-
increase of BLI after treatment (BLI of day 68/BLI of day 6). “Serum calcium concentration at the end of
experiment. YSerum TRACP 5b concentration at the end of experiment. *Body weight progression over the course

20  of the experiment. “The mice BLI intensity over 107 was considered to reach the endpoint. **were analyzed
statistically by using a two-way repeated-measure ANOVA followed by Sidak’s multiple comparisons test.
cdewere analyzed by using a one-way ANOVA followed by Tukey’s nmitiple comparisons test. fwas analyzed by
using a log-rank tcst. **** > < (.0001, *P° <0.05, NS rcpresents 2 > 0.05.

25 Table 4. Binding to Human FcRn at pH= 6.
Antibodies Kp (nM)
Tras 333+ 13.6
Tras-ALN 39.1+14.8
40
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Enhanced Therapeutic Efficacy of Tras-ALN in a HER2-negative model. Previous
reports indicate that a substantial portion of the minimal residual disease seen in HER2-
negative patients may nevertheless be due to HER2 signaling***' It was also reported that
HER? signaling may mediate stem cell properties in a subpopulation of HER2-negative cells,
this raises the possibility that anti-HER2 treatment may be able to eradicate bone metastases
of both HER2-positive and negative breast cancer.*” The therapeutic effects of Tras-ALN was
therefore evaluated using breast cancer cells that are not HER2-positive but exhibit HER2 up-
regulation specifically in bones. Intra-iliac artery (IIA) injection was used to deliver MCF-7
(HER2-, ER+) cancer cells into hind limb bones,*** followed by treatment with Tras or Tras-
ALN (7 mice per group, 1 mg/kg). Mice were imaged twice a week and signal intensity of
whole-body and hind limbs and were quantified. As shown in FIGS. 4, 22 and 23, treatment
with Tras-ALN resulted in more significant inhibition of tumor growth than seen in Tras-
treated mice, demonstrating the efficacy of Tras-ALN against HER2-negative cells in vivo
(p<<0.005). Meanwhile, significant reductions of serum TRACP 5b (4.41 £ 1.12 U/L, p<0.05)
and serum calcium (10.36 = 0.53 mg/dL, p<<0.05) levels were observed in Tras-ALN-treated
group (FIG. 24). Similar to HER2+ model, secondary metastases in various organs were also
exhibited significant reductions in BLI signal (P<0.0001) over the course of the study (FIG.
25). Next, the ability of Tras-ALN to inhibit multi-organ metastases from bone lesions was
also evaluated ex vivo. At day 68, metastatic cells were observed in the right hind limb (83.4%),
liver (33.4%), lung (83.4%), and brain (66.7%) in the Tras-treated group, compared to values
found in the right hind limb (50%), lung (50%) and brain (50%, FIG. 26) of Tras-ALN treated
mice. These data suggest that the bone-targeting Tras-ALN conjugate may be useful in
preventing the progression of HER2-negative bone micrometastases to overt bone metastases,

as well as blocking the secondary metastasis of HER2-negative cells to other organs (Table 3).

Thus, it was shown that conjugation of bone-targeting moicties can be used to develop
an innovative bone targeting (BonTarg) technology that enables the preparation of antibodies
with both antigen and bone specificity. The data suggest that modification of the therapeutic
HER2 antibody trastuzumab (Tras) with the bone-targeting bisphosphonate molecule,
Alendronate (ALN), results in enhanced conjugate localization within the bone metastatic
niche, relative to other tissues, raising the intriguing possibility that the bone-targeting antibody
represents an enhanced targeted therapy for patients with bone metastases. The affinity of ALN

for bone tissue helps overcome physical and biological barriers in the bone microenvironment
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that impede delivery of therapeutic antibodies, thereby enriching and retaining Tras in the bone.
The Tras-ALN conjugate can reach higher concentrations in the bone metastatic niche, relative

to healthy bone tissues, due to the low pH of bone tumor sites.

Via its use of site-specific modification with bone-targeting moieties, BonTarg
technology represents an innovative platform for specific delivery of therapeutic antibodies to
the bone metastatic site. The resulting bone-targeting antibodies exhibit improved in vivo
therapeutic efficacy in the treatment of breast cancer micrometastasis and in the prevention of
secondary metastatic dissemination from the initial bone lesions. This type of precision
delivery of biological medicines to the bone niche represents a promising avenue for treating
bone-related diseases. The enhanced therapeutic profile of our bone-targeted HER2 antibody
in treating microscopic BCa bone metastases will inform the extension of BonTarg strategies

to treatment of other metastatic cancers and bone diseases.
Example 2 — Materials and Methods

Construction of Tras-ALN conjugates. The non-canonical amino acid azide-Lys was
incorporated at the C terminus of the ssFB-FPheK peptide via solid-phase peptide synthesis
(FIG. 6). After HPLC purification, the peptide was denatured with 6 M urea and stepwise
dialyzed to remove urea and allow peptide refolding. After buffer-exchange into PBS (pH 8.5),
32 equiv of ssFB-azide peptide was co-incubated with Tras (BS046D from Syd labs) in PBS
(pH 8.5) buffer at 37 °C for two days. The Tras-azide conjugate was then purified via a PD-10
desalting column to remove excess ssFB-azide. The Tras-azide conjugate was characterized by
ESI-MS. ESI-MS: expect 53564, found: 53558 (FIG. 7). 10 equiv of BCN-ALN was added to
the solution at RT over night to selectively react with the azide group on the conjugate. Finally,
the ALN labelled antibody conjugate was purified via a PD-10 desalting column to remove
excess ALN-BCN. The conjugate was characterized by ESI-MS. ESI-MS: expect 53988, found:
53984 (FIG. 1C).

Cell lines. MDA-MB-361, MCF-7, BT474, SK-BR-3, and MDA-MB-468 cell lines
were cultured according to ATCC instructions. Firefly luciferase and GFP labelled MDA-MB-

361 and MCF 7 cell lines were generated as previously described.”!

HA binding assay. Briefly, Tras or ALN-Tras was diluted in 1 ml. PBS in an
Eppendorf tube. Hydroxyapatite (15 equiv, 15 mg) was added, and the resulting suspension
was shaken at 220 rpm at 37 °C. Samples without hydroxyapatite were used as controls. After

0.25, 0.5, 1, 2, 4 and 8 hours, the suspension was centrifuged (3000 rpm, 3 min) and the
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absorbance of the supernatant at 280 nm was measured by Nanodrop. The percent binding to

HA was calculated as follow, where OD represents optical density:

[(ODuwithout A — ODwith A )/ (ODwithour Ha)] = 100%.

Native bone binding assay. .ong bones of mice were cut into small fragments, washed
with distilled H>O and anhydrous ethanol, and then dried at room temperature overnight. For
binding studies, Tras or ALN-Tras was diluted in 1 mL PBS in an Eppendorf tube. 30 mg dried
bone fragments were added to the tube, and the resulting suspension was shaken at 220 rpm at
37 °C. Samples without bone fragments were used as controls. After 0.25, 0.5, 1.0, 2.0, 4.0 and
8.0 h, the suspensions were centrifuged (3000 rpm, 5 min) and the absorbance at 280 nm of the
supernatant was measured by Nanodrop. The percent binding to native bone was calculated

according to the following formula, where OD represents optical density:
[(ODwithout native bone — ODwith native bone)/ (ODwithoul native bone)] % 100%.

In vitro cytotoxicity of Tras and Tras-ALN. SK-BR-3, BT474, and MDA-MB-468
cells were seeded in 200 uL of culture medium into 96-well plates at a density of 2 x 10°
cells/well and incubated overnight to allow attachment. Culture medium was then removed,
replaced by different concentrations of Tras and Tras-ALN dissolved in culture medium, and
then incubated for 4 d. 20 gL of MTT solution (5 mg/mL) was then added to each well and
incubated for another 4 h. Medium was aspirated and 150 uL. DM SO was added to each well.
The absorbance at 570 nm was measured by microplate reader (Infinite M Plex by Tecan) to

quantify living cells.

Flow cytometry. Cancer cells (3 < 10%) were re-suspended in 96-well plates and stained
with 30 ug/mL 'I'ras and Iras-ALN for 30 min at 4°C. After staining, cells were washed twice
with PBS and then further incubated with Fluorescein (FITC) AffiniPure Goat Anti-Human
IgG (H+L) (code: 109-095-003, Jackson Immunology) for 30 min at 4°C. Fluorescence
intensity was determined using a BD FACSVerse (BD Biosciences).

Determination of Kd values. The functional affinity of Tras-ALN for HER2 was
determined as reported.’” Briefly, 2 x 10° SK-BR-3, BT474, MDA-MB-361, or MDA-MB-468
cells were incubated with increasing concentrations of Tra and Tras-ALN for 4 hours on ice.
After washing away unbound material, bound antibody was detected using Fluorescein (FITC)
AffiniPure Goat Anti-Human IgG (H+L) (Jackson Immunology). Cells were analyzed for
fluorescence intensity after propidium iodide (Molecular Probes, Eugene, OR) staining. The

linear portion of the saturation curve was used to calculate the dissociation constant, KD, using
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the Lineweaver-Burk methed of plotting the inverse of the median fluorescence as a function
of the inverse of the antibody concentration. The KD was determined as follows:
1/F=1/Fmax+(KD/Fmax)(1/[Ab]), where F corresponds to the background subtracted median

fluorescence and Fmax was calculated from the plot.

Confocal imaging. Cancer cells were grown to about 80% confluency in 8-well
confocal imaging chamber plates. Cells were incubated with 30 nM Tras-FITC for 30 min and
then fixed by 4% paraformaldehyde for 15 min. Cells were washed three times with PBS (pH
7.4) and then incubated with DiIC18(3) (Marker Gene Technologies, Inc.) for 20 min and
Hoechst 33342 (Cat No: H1399, Life Technologies™ ) for 5 min. Cells were then washed three
times with PBS (pH 7.4) and used for confocal imaging. Confocal fluorescence images of cells
were obtained using a Nikon A1R-si Laser Scanning Confocal Microscope (Japan), equipped

with lasers of 405/488/561/638 nm.

Binding to bone cryosections. Nondecalcified long bone sections from C57BL/6 mice
were incubated with 50 pg/mL Tras or Tras-ALN, conjugated overnight at 4°C, followed by
staining with fluorescein isothiocyanate (FITC)-labeled anti-human IgG for 60 min at room
temperature. After washing 3 times with PBS, specimens were incubated for 30 min at 37 °C
with Xylenol Orange (XO) (stock: 2 mg/ml, dilute 1:500, dilute bufter: PBS pH 6.5). After
three washes with PBS, specimens were stained with Hoechst 33342 (stock 10mg/ml, dilute
1:2000) for 10 min. Slides were then washed with PBS, air dried, and sealed with Prolong™

gold anti-fade mountant (from ThermoFisher).

In vivo evaluation of Tras-ALN. Intra-iliac injections and IVIS imaging were
performed as previously described.>® Five days after injection, animals were randomized into
four groups: PBS treated control, ALN (a representative of free BP, retro-orbital injection 10
ug/kg in PBS twice a week), Tras (1.0 mg/kg retro-orbital injection in sterile PBS twice a
week), and Tras-ALN conjugate (same as Tras). After injection, animals were imaged twice a
week using IVIS Lumina II (Advanced Molecular Vision), following the recommended
procedures and manufacturer’s settings. On day 110, mice were anesthetized and blood was
collected by cardiac puncture prior to euthanasia. Tumor-bearing tibia, heart, liver, spleen,

lung, brain and kidney were collected for further tests.

Ex vivo metastasis-to-metastasis analysis. Mice were anesthetized with 2.5 %
isoflurane in oxygen and injected with luciferin retro-orbitally. Mice were then euthanized and

their hearts, livers, spleens, lungs, kidneys, brain, and tibia bones were collected. £x vivo

44

CA 03205538 2023-7-19



10

25

WO 2022/159492 PCT/US2022/012982

bioluminescence and fluorescence imaging of these organs were immediately performed on the

IVIS Lumina.

Bone histology and immunohistochemistry. Harvested long bones were tixed for 1
week in 10% formalin and then decalcified in 12% EDTA at 4 °C for two weeks. Specimens
were embedded in paraffin using the standard procedure. From these blocks, 5 um sections
were cut and collected on glass slides. Sections were dried in an oven overnight (37 °C) and
then deparaffinized in xylene solution for 10 min. Hematoxylin and eosin (H&E) staining were
performed via the conventional method. Immunohistochemistry analysis was performed on
decalcified paraffin-embedded tissue sections using the HRP/DAB ABC THC KIT (abcam)

following the manufacture’s protocol.

Radiographic analysis. Tibiae were dissected, fixed and scanned by microcomputed
tomography (micro-CT, Skyscan 1272, Aartselaar, Belgium) at a resolution of 6.64 um/pixel.
Raw images were reconstructed in NReconn and analyzed in CTan (SkyScan, Aartselaar,
Belgium) using a region of interest (ROI). Bone parameters analyzed included trabecular
thickness (Tb.Th), bone volume fraction (BV/TV), bone mineral density (BMD), and BS/BV

(bone surface/bone volume ratio).

Biodistribution. MDA-MB-361 cells were introduced into female athymic nude mice
(body weight = 13-15 g) via intra-iliac injections. After three months, Cy7.5-labeled Tras and
Tras-ALN (1 mg/kg) were administrated to tumor-bearing nude mice by retro-orbital injection.
At 24 h, 96 h, or 168 h after injection, major organs including heart, liver, spleen, kidney, lung,
and bone tumor tissue were removed. The fluorescence intensity in organs and bone tumor
tissues was determined semiquantitatively by using the Caliper IVIS Lumina in vivo imager
(Caliper Life Science, Boston, MA, USA). Bones from Tras-ALN treated mice were fixed and

sectioned to further evaluate biodistribution.

In a separate study, unlabeled Tras-ALN (1 mg/kg) was administered via retro-orbital
injection to nude mice bearing MDA-MB-361 tumors in their right hind limbs. After 48 hours,
long bones from Tras-ALN treated mice were isolated and immediately sectioned without
decalcification. Bone sections were then fixed and incubated with anti-RFP (rabbit) antibody
(1:200, purchased from Rockland) overnight at 4 , followed by staining with fluorescein
isothiocyanate (FITC)-labeled anti-human IgG (1:100, purchased from Jackson Immunology)
and Alexa Fluor® 555 AffiniPure Donkey Anti-Rabbit IgG (H+L) (1:200, purchased from

Thermo Fisher) for 120 min at room temperature. Sections were mounted with Prolong™ gold
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anti-fade mountant with DAPI (from ThermoFisher) and sealed with a coverslip, then used for

confocal imaging.

Pharmacokinetic Analysis and FcRn binding assay. Athymic nude mice were
injected retro-orbitally with a single dose of 1 mg/kg Tras and Tras-ALN in PBS, and serum
was collected at regular intervals for 7 d and analyzed by Trastuzumab ELISA Kit (Lab
Bioreagents). FcRn binding was determined using LUMIT™ FcRn Binding Immunoassay kit

(Promega) according to the manual.

Quantification of TRAP and calcium levels in serum. At terminal time points, blood
was collected by cardiac puncture, and centrifuged for 15 min at 3,000 rpm to obtain the serum.
The concentration of osteoclast-derived TRACP 5b was measured by using a Mouse
ACPS5/TRAP ELISA Kit (catalog number IT5180, GBiosciences). Serum calcium levels were
determined colorimetrically using a calcium detection kit (catalog number DICA-500,

Bioassays).

Statistical methods. Data are presented as means plus or minus SEM and statistically
analyzed using GraphPad Prism software version 6 (GraphPad software, San Diego, CA). Two-
way ANOVA followed by Sidak's multiple comparisons was used for all data collected over a
time course. One-way ANOVA followed by Tukey’s multiple comparisons was used for
Micro-CT data. Unpaired Student’s 7-test was used for multi-organ metastasis data. P < 0.05

was considered to represent statistical significance.

Synthesis of BCN-ALN. BCN-PNP (ENDO) (31.5 mg) and DIPEA (38.7 mg) were
dissolved in 1 mL dimethylsulfoxide (DMSO), followed by dropwise addition of 27.4 mg of
ALN (dissolved in 0.3 mL of deionized water) into the mixture. The resulting mixture was
stirred for 4 hours. Ethyl acetate (1 mL) was added to the reaction solution, and the resulting
precipitate was filtered and rinsed three times with ethyl acetate. The product was purified by
reversed-phase column chromatography. The structure of BCN-ALN was confirmed by MS.
ESI-MS [M-H]-: Calcd. For C1SH25NO9P2 4241, found: 424.1 (FIG. 5).

46

CA 03205538 2023-7-19



10

15

20

25

WO 2022/159492 PCT/US2022/012982

P—-OH D|PEA ‘OH
o
g © + HN">"-0H DmsOM,C o
.P~0H HO” n ~OH
A
\ HO'

Solid-phase synthesis of ssFB-FPheK peptide. ssFB peptide was synthesized by
following the protocol for Fmoc-based peptide synthesis. Amino acid sequence:
FNKEQQNAFYEILHLPNLNXEQRNAFIQSLKDDPS-AzK (X=MMT-Lys) (SEQ ID NO:
1). Rink Amide MBHA resin was used as the solid support. The Fmoc protection group was
removed using 25% piperidine in DMF. After washing the product five times with DMF, pre-
activated HATU/Fmoc-amino acid mixture in DMF was added to the reaction vessel for amide
bond formation. The next amino acid was then coupled to the beads via the same reaction cycle.
Once peptide synthesis was complete, the N-terminus was capped by acetic anhydride. In order
to incorporate FPheK into the peptide, the MMT protection group was first selectively removed
using 10% acetic acid (AcOH:TFE:DCM=1:2:7). Subsequently, 2 equiv of 4-flucrophenyl
chloroformate and 4 equiv of DIEA were added into the reaction vessel to react with the
exposed free amine on the Lys side chain for FPheK formation. Once the reaction was
complete, appropriate quantities of TFA and scavengers (water, anisole, triisopropyl silane)
were added to the vessel to cleave the peptide from the resin, and to remove and quench all
protection groups. The peptide was then precipitated by addition of ice-cold ether, purified by
HPLC and lyophilized. ESI-MS [M+H]+: Calcd. For 4524, found: 4524 (FIG. 6).

ok ok ok % K ok sk ok

All of the methods disclosed and claimed herein can be made and executed without
undue experimentation in light of the present disclosure. While the compositions and methods
of this invention have been described in terms of preferred embodiments, it will be apparent to
those of skill in the art that variations may be applied to the methods and in the steps or in the
sequence of steps of the method described herein without departing from the concept, spirit
and scope of the invention. More specifically, it will be apparent that certain agents which are
both chemically and physiologically related may be substituted for the agents described herein

while the same or similar results would be achieved. All such similar substitutes and
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modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.
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A method of treating or preventing bone tumors in a subject comprising administering
to the subject an effective amount of a bone-targeting conjugate comprising

bisphosphonate (BP) conjugated to an antibedy.
The method of claim 1, wherein the subject has bone cancer or bone metastasis.

The method of claim 2, wherein the bone cancer is Ewing sarcoma, osteosarcoma, or

chondrosarcoma.

The method of claim 2, wherein the bone metastasis is from breast cancer, myeloma,

renal cancer, lung cancer, prostate cancer, thyroid cancer, or bladder cancer.
The method of any of claims 1-4, wherein the BP is negatively-charged.

The method of any of claims 1-5, wherein the BP is alendronate, zoledronate,
pamidronate, risedronate, medronic acid, aminomethylene bisphonic acid, clodronate,
ctidronatc, tiludronatc, ibandronatc pomidronate, ncridonatc, olpadronate, or

oxidronate.
The method of any of claims 1-6, wherein the BP is alendronate (ALN).

The method of any of claims 4-7, wherein the breast cancer is triple-negative breast

cancer.

The method of any of claims 4-8, wherein the breast cancer is HER2-negative breast

cancer.

The method of any of claims 4-9, wherein the breast cancer is HER2-positive breast

cancer.

The method of any of claims 1-10, wherein the antibody is a monoclonal antibody,
bispecific antibody, Fab', a F(ab')2, a F(ab')3, a monovalent scFv, a bivalent scFv, a

single domain antibody, or nanobody.

The method of any of claims 1-11, wherein the antibody is an immune checkpoint

inhibitor.
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The method of any of claims 1-12, wherein the antibody is an anti-HER2 antibody, anti-
CD99 antibody, anti-IGF-IR antibody, anti-PD-L1, anti-PD-1, anti-CTLA4-antibody,
anti-Siglec-15 antibody, anti-RANKL antibody, or anti-TGFf3 antibody.

The method of any of claims 1-11, wherein the antibody is an anti-HER2 antibody.

The method of any of claims 1-14, wherein the antibody is trastuzumab (Herceptin),

pertuzumab (Perjeta), or atezolizumab.
The method of any of claims 1-15, wherein the antibody is trastuzumab.

The method of any of claims 1-16, wherein bone-targeting conjugate comprises

alendronate conjugated to trastuzumab.
The method of any of claims 1-17, wherein the antibody is not an anti-M-CSF antibody.

The method of any of claims 1-18, wherein the BP is not conjugated to N-glycan on the
Fc region of the antibody.

The method of any of claims 1-19, wherein the BP is site-specifically conjugated to the
antibody using pClick conjugation, NHS-ester chemistry, or cysteine chemistry.

The method of any of claims 1-19, wherein the BP is site-specifically conjugated to the

antibody using pClick conjugation.

The method of any of claims 1-21, wherein the BP is conjugated to the CH2-CH3

junction of the antibody.

The method of any of claims 1-22, wherein the BP is conjugated to the antibody using
4-fluorophenyl carbamate lysine (FPheK).

The method of claim 23, wherein FPheK is attached to a fragment of the B domain of

protein A (FB protein) from Staphylococcus aureus.

The method of any of claims 21-24, wherein pClick conjugation comprises conjugation
of an antibody with an azide functional moiety with BP functionalized with

bicyclo[6.1.0]nonyne (BCN).

The method of any of claims 1-25, wherein the bone-targeting conjugate results in
increased concentration of therapeutic antibody at the bone tumor niche, inhibits cancer

development in the bone, and/or limits secondary metastases to other organs.
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The method of any of claims 1-26, wherein the bone-targeting conjugate results in

decreased micrometastasis-induced osteolyic lesions.

The method of any of claims 1-27, wherein the method comprises further administering

an additional anti-cancer therapy.

The method of claim 28, wherein the additional anti-cancer therapy comprises surgery,
chemotherapy, radiation therapy, hormonal therapy, immunotherapy or cytokine

therapy.

The method of claim 28, wherein the additional anti-cancer therapy comprises

immunotherapy or chemotherapy.

Use of a bone-targeting conjugate comprising bisphosphonate (BP) conjugated to an

antibody for the treatment or prevention of bone tumors in a subject with cancer.
The use of claim 31, wherein the subject has bone cancer or bone metastasis.

The use of claim 32, wherein the bone cancer is Ewing sarcoma, osteosarcoma, or

chondrosarcoma.

The use of claim 32, wherein the bone metastasis is from breast cancer, myeloma, renal

cancer, lung cancer, prostate cancer, thyroid cancer, or bladder cancer.
The use of any of claims 31-34, wherein the BP is negatively-charged.

The use of any of claims 31-35, wherein the BP is alendronate, zoledronate,
pamidronate, risedronate, medronic acid, aminomethylene bisphonic acid, clodronate,
etidronate, tiludronate, ibandronate pomidronate, neridonate, olpadronate, or

oxidronate.
The use of any of claims 31-36, wherein the antibody is an anti-HER2 antibody.
The use of claim 37, wherein the anti-HER2 antibody is trastuzumab.

The use of any of claims 31-38, wherein the BP is conjugated to the CH2-CH3 junction
of the antibody.

The use of any of claims 31-39, wherein the BP is site-specifically conjugated to the

antibody using pClick conjugation, NHS-ester chemistry, or cysteine chemistry.

The use of any of claims 31-40, wherein the BP is conjugated to the antibody using 4-
fluorophenyl carbamate lysine (I'PheK).
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A method of treating or preventing bone disease in a subject comprising administering
to the subject an effective amount of a bone-targeting conjugate comprising

bisphosphonate (BP) conjugated to one or more polypeptides.

The method of claim 42, wherein the bone disease is osteoporosis, osteomalacia,
periodontitis, theumatoid arthritis, metabolic bone disease, a parathyroid disorder,
steroid-induced osteoporosis, chemotherapy-induced bone loss, pre-menopausal bone
loss, fragility and recurrent fractures, renal osteodystrophy, bone infections, or Paget's

disease.
The method of claim 42, wherein the bone disease is bone cancer or bone metastasis.

The method of claim 44, wherein the bone cancer is Ewing sarcoma, osteosarcoma, or

chondrosarcoma.

The method of claim 44, wherein the bone metastasis is from breast cancer, myeloma,

renal cancer, lung cancer, prostate cancer, thyroid cancer, or bladder cancer.
The method of any of claims 42-46, wherein the BP is negatively-charged.

The method of any of claims 42-47, wherein the BP is alendronate, zoledronate,
pamidronate, risedronate, medronic acid, aminomethylene bisphonic acid, clodronate,
etidronate, tiludronate, ibandronate pomidronate, neridonate, olpadronate, or

oxidronate.
The method of any of claims 42-48, wherein the BP is alendronate (ALN).

The method of any of claims 46-49, wherein the breast cancer is triple-negative breast

canccr.

The method of any of claims 46-50, wherein the breast cancer is HER2-negative breast

cancer.

The method of any of claims 46-51, wherein the breast cancer is HER2-positive breast

cancer.

The method of any of claims 42-52, wherein the one or more polypeptides comprise
an adrenergic agomist, an anti-apoptosis factor, an apoptosis inhibitor, a oviokine
receptor, a cytokine, a covigtoxin, an ervthropoietic agent, a glutamic acid
decarboxylase, a glycoprotein, a growth factor, a growth factor receptor, a hormone, a

hormone receptor, an interferon, an interleukin, an interleukin receptor, 3 kinase, a
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kinase inhibitor, a nerve growth factor, a netrin, a neurcactive peplide, a neurcactive
peptide receptor, a neurogenic factor, a neurogenic facior receptor, a neuropiin a
neurgtrophic factor, a4 nssurotrophin, 8 neurstrophin receptor, an Memethyl-D-aspartaie
arntagonist, a plexin, a protease, a protease inhabitor, a protein decarboxyvlase, a protein
kinase, a protein kinase inhibitor, a proteolyiic protein, a protecivic protein inhibitor,
a semaphorin, a semaphorin recepior, a serotonin ransport profein, a serotonin uptake

inhibitor, a serofonin receptor, 4 Serpin, & Serpin receptor, 07 8 {MOr SUPPressor.

The method of any of claims 42.52 wherein the one or more polypeptides comprise an
antibody.

The method of claim 54, wherein the antibody is a monoclonal antibody, bispecific

antibody, Fab', a F(ab")2, a F(ab')3, a monovalent scFv, a bivalent scFv, a single domain

antibody, or nanobody.

The method of any of claims 54-55, wherein the antibody is an immune checkpoint

inhibitor.

The method of any of claims 54-56, wherein the antibody is an anti-HER2 antibody,
anti-CD99 antibody, anti-IGF-IR antibody, anti-PD-L1, anti-PD-1, anti-CTLA4-
antibody, anti-Siglec-15 antibody, anti-RANKL antibody, or anti-TGFp antibody.

The method of any of claims 54-55, wherein the antibody is an anti-HER2 antibody.

The method of any of claims 54-58, wherein the antibody is trastuzumab (Herceptin),

pertuzumab (Perjeta), or atezolizumab.
The method of any of claims 54-59, wherein the antibody is trastuzumab.

The method of any of claims 42-60, wherein bone-targeting conjugate comprises

alendronate conjugated to trastuzumab.

The method of any of claims 54-61, wherein the antibody is not an anti-M-CSF
antibody.

The method of any of claims 54-62, wherein the BP is not conjugated to N-glycan on
the Fc region of the antibody.

The method of any of claims 42-63, wherein the BP is site-specifically conjugated to
the one or more polypeptides using pClick conjugation, NHS-ester chemistry, or

cysteine chemistry.
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The method of any of claims 42-63, wherein the BP is site-specifically conjugated to

the one or more polypeptides using pClick conjugation.

The method of any of claims 54-65, wherein the BP is conjugated to the CH2-CH3

junction of the antibody.

The method of any of claims 42-66, wherein the BP is conjugated to the one or more

polypeptides using 4-fluorophenyl carbamate lysine (FPheK).

The method of claim 67, wherein FPheK is attached to a fragment of the B domain of

protein A (FB protein) from Staphylococcus aureus.

The method of any of claims 65-68, wherein pClick conjugation comprises conjugation
of an antibody with an azide functional moiety with BP functionalized with

bicyclo[6.1.0]nonyne (BCN).

The method of any of claims 54-69, wherein the bone-targeting conjugate results in
increased concentration of therapeutic antibody at the bone tumor niche, inhibits cancer

development in the bone, and/or limits secondary metastases to other organs.

The method of any of claims 44-70, wherein the bone-targeting conjugate results in

decreased micrometastasis-induced osteolyic lesions.

The method of any of claims 44-71, wherein the method comprises further

administering an additional anti-cancer therapy.

The method of claim 72, wherein the additional anti-cancer therapy comprises surgery,
chemotherapy, radiation therapy, hormonal therapy, immunotherapy or cytokine

therapy.

The method of claim 72, wherein the additional anti-cancer therapy comprises

immunotherapy or chemotherapy.

Use of a bone-targeting conjugate comprising bisphosphonate (BP) conjugated to one

or more polypeptides for the treatment or prevention of bone disease in a subject.
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