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Theranostics Targeting Metastatic Breast Cancer

The years 3 report thoroughly summarized all results in year 2 and year 3 with all sections such as
“Introduction”, “Accomplishments”, “training and professional development” and “impact”. All information
included in years 3 report will not be included here. This report summarizes the studies in the period of no cost
extension that our team worked on the imaging agent design/synthesis/radiolabeling and in vivo imaging study
using primary and metastatic breast cancer models.

Molecular imaging agent design based on the tumor seeking dye

Our hypothesis is that the tumor seeking near-IR dyes complement targeted approaches using mAbs or other
small molecule ligands for cell surface receptors, and could surpass them for some applications. Following the
year 3 study, we designed and radiolabeled tumor seeking dye-based radiotracers for PET imaging of breast
cancer and to test their capacity for active drug deliver. Compound for '8F tumor targeting cyanine dye-based
tracer (Cy-PET-F) was designed and synthesized in our lab. In vivo optical imaging was performed to study the
PK of the compound using orthotopic 4T1 breast cancer model. From the optical imaging, the tumor seeking
dye had fairly quick clearance at 24h post injection but high liver and kidney uptake was observed at early time
point (Fig. 1). This result suggested '®F PET will not be suitable for PET imaging of Cy compound because F-
18 has short half-life (F-18; T12 =108 mins). $4Cu is selected for the following PET study.
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A In vivoimaging

Fig 1. Optical imaging of Cy—PET—F compound on 4T1 tumor bearing
Balb/c mice. (A) In vivo imaging was captured at 2h, 6h and 24h post
injection of Cy-PET-F via tail vein. (B) Correspondingly,
biodistribution study was performed by ex vivo imaging of major
organs after each time point of in vivo imaging.

Optical imaging showed good tumor to background ratio for tumor seeking dye at 24h post injection. PET
Isotope 84Cu (T1/2 =12.7 h) was selected for the following PET study because of the matched PK of the tumor
seeking dye. Chelator DOTA was conjugated to tumor seeking dye (Cy) to get compound Cy-PET-Cu for the
Cu-64 radiolabeling. PET imaging of Cy-PET-4Cu tracer showed good tumor uptake at 24h post injection in
the 4T1 breast tumors (Fig 2), which demonstrated Cy analog can be used as active targeting agent for breast
cancer and also can use for active targeted drug delivery.
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Fig 2. Small animal PET/CT in vivo imaging
of Cy-PET-%*Cu compound in 4T1 tumor
bearing mice with axis, coronal view and its
maximal intensity projection (MIP) view at

HO,C_\ 24 h post injection.




Kinase Inhibitor Cyanine Conjugates, Cy-Kls

Cyclin dependent kinases (CDKs) are critical for cell cycle regulation. Cell cycle arrest in cancer could
suppress tumor growth and metastasis, so inhibition of the CDKs is an active research area. The first inhibitors
had little or no selectivity between the various members of the series, and they were relatively unsuccessful in
pharmaceutical development. Emergence of the first selective CDK4/6 inhibitors, notably palbociclib, however,
has completely changed the research landscape.®*® Thus a second selective CDK inhibitor, ribociclib (rib,
KISQALI®), was approved in 2017 for treatment of the same cancer sub-type. As of today, palbociclib and
ribociclib feature in at least 20 clinical trials for treatment of cancers of breast metastases, non-small cell lung,
prostate, pancreas and brain (glioblastoma).We conjugated palbociclib and ribociclib to 1-Cl and showed their
good anti-tumor effects on MDA-MB-231, “triple negative” breast cancer cells. In the no cost extension period,
we continued to evaluate the 1-rib in vivo using a breast cancer brain metastasis model. We showed 1-rib
displayed high tumor accumulation and prolonged retention with low uptake in normal organs. These data
confirm 1-rib accumulates selectively in breast cancer brain mats and favorable PK of 1-rib compound (Fig 3).

A In vivoimaging B. Ex vivoimaging

Fig. 3. Optical imaging of 1-Rib compound on MDA-MB-231 brain metastasis bearing NSG mice. The MDA-MB-231 was
genetically engineered with luciferase and green fluorescence protein (GFP), and then intracranially implanted into the
brain of the mouse to impart a breast tumor metastasis in brain model. (A) In vivo imaging of the 1-Rib was performed by
sequential bioluminescence and 1-Rib (@ its emission and excitation) imaging of the tumor bearing mice after 24h
injection of the 1-Rib compound. (B) Afterwards, the mice were sacrificed, and the major organs were collected to perform
sequential bioluminescence, GFP (@ its emission and excitation) and 1-Rib (@ its emission and excitation) imaging.





