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Introduction

Annamycin (ANN) is a non-cardiotoxic anthracycline antibiotic with unique biological
properties. It has been formulated in liposomes (L-ANN) and is currently in clinical
studies in AML patients. Our earlier studies showed that ANN is not cross-resistant with
doxorubicin (DOX) and is a poor substrate for P-glycoprotein 1 (P-gp) [aka ATP-binding
cassette sub-family B member 1 (ABCB2) or multidrug resistance protein 1 (MDR1)], a HO _ o

major mechanism of DOX resistance in different types of cancer [1]. ANN, in contrast to CH, Annamycin (ANN)
DOX, achieves relatively high levels of cellular accumulation, especially in multidrug
resistant (MDR) cell lines, and induces significant DNA damage in cancer cells
including MDR cells. In vivo activity of L-ANN has been confirmed in different tumor
models. Importantly, in contrast to DOX, Annamycin showed significantly lower
cardiotoxicity [1]. Surprisingly, pharmacokinetic and organ distribution studies of ANN
and L-ANN revealed disproportionately high drug levels in lung tissue. Annamycin
levels (AUC, 24 h) in lungs were over 10-fold greater than in plasma, resulting in levels
exceeding those of DOX 6 to 7-fold [2]. This fact has not been considered before as the
basis to select a specific clinical indication or patient population for clinical studies of L-

ANN. We hypothesize that high levels of ANN in lung tissue will correlate with o

increased drug efficacy in models of lung localized tumors. The positive results of our Doxorubicin (DOX) CH,

in vivo preclinical studies will confirm this hypothesis and support clinical development HO

of L-ANN for treatment of cancers metastatic to lungs. NH, HCI

Figure 1. Structure of Doxorubicin and Annamycin

Methods

« Uptake and subcellular distribution of ANN was assessed using confocal microscopy and FACS

* Invitro properties of ANN were assessed in triple negative breast cancer (TNBC) 4T1 and/or colon CT26 cells by histone HA2X
phosphorylation at S139; and 72 h proliferation assays

« Biodistribution of ANN was tested in naive CD-1 mice after intravenous administration of the drug

« Efficacy of L-ANN was tested in a syngeneic models of TNBC and colon cancers localized in lungs; immune-competent Balb/c mice
were injected intravenously with 4T1 and CT26 cells expressing firefly luciferase.

Results

Uptake and in vitro activity of Annamycin

ANN shows rapid and dose-dependent accumulation inside cells, with significantly higher rate of uptake than DOX (Fig. 2A).
Immunofluorescent imaging shows significantly different subcellular distribution pattern when compared to DOX (Fig. 2B). Based on HA2X
phosphorylation, exposure to ANN results in time-dependent accumulation of DNA breaks (Fig. 2C and 2D) and induction of cell cycle
arrest and apoptosis. IC50 values for ANN (72h exposure) are in low nanomolar range and generally 2-10 times lower than for DOX.
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Figure 2. Uptake, subcellular distribution, and cytotoxicity of Annamycin (ANN) in cancer cells

(A) Uptake of ANN by 4T1 and CT26 cells measured by FACS; (B) Subcellular distribution of ANN and DOX in 4T1 cells; (C-D) Double Strand Break (DSB)
formation and apoptosis induction detected by H2AX (Ser139) analyzed by Western blot (WB) or fluorescent microscopy; (E) 72h toxicity of ANN and DOX in
4T1 and CT26 cells.

Pharmacokinetics and organ distribution

The highest concentration of ANN after intravenous administration measured in lungs was 138 pug/ml (216 uM), nearly ten times higher than
C max measured for ANN in plasma. Significant amounts of drug were also detected in the spleen (Fig. 3)
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Figure 3. Pharmacokinetic and organ distribution of ANN after intravenous administration

CD-1 mice (n=5-8) were dosed with L-ANN 4 mg/kg, followed by exsanguination at nine time points. Plasma and selected organs were isolated. ANN levels
In plasma and organs tissues were measured using LC-MS/MS

Efficacy of L-ANN in 4T1 TNBC “lung metastasis” model

L-ANN showed remarkable inhibition of metastatic growth of lung localized 4T1 cells after two doses of the drug (Fig. 4A-4D). Interestingly,
the vehicle-group developed pronounced splenomegaly, while L-ANN treated mice had spleens within normal range (Fig. 4E). Further
extension of survival was achieved in experiments where mice were dosed once a week for six weeks. The median survival of treated
group increased to 56 days vs 23 for vehicle (p<0.0001 Fig. 4F).
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Figure 4. Efficacy of L-ANN in 4T1 TNBC “lung metastasis” model.

Female Balb/c mice were injected with 2 x 10% 4T1-Luc cells through tail vein injection. Eight days after tumor cell inoculation, mice were injected with L-
ANN at 4 mg/kg or saline. (A) Bioluminescent images of mice after two doses of L-ANN. (B) distribution of bioluminescent signal in vehicle or L-ANN-
treated mice. (C) Microscopic image of Bouin solution-stained lungs after two doses of L-ANN and vehicle along with corresponding BLI. (D) H&E stained
lung sections. (E) Spleens extracted from vehicle- or L-ANN treated mice and their weight distribution (p value based on two-tailed Student’s t-test). (F)

Efficacy of L-ANN in CT26 colon cancer “lung metastasis” model

Remarkable response to L-ANN was also recorded for mice bearing lung colonized CT26 colon cancer. Significant inhibition of tumor
growth was observed after the first injected dose (Fig. 5A and B). Figure 5C shows CT image on vehicle- and L-ANN-treated (6 mg/kg) mice
performed on day 25. Figure 5D is a representation of bioluminescent and microscopic images of extracted lungs. Continuous treatment led
to significant extension of survival (median survival for vehicle was 22 days and has not been reached for treated groups, Fig. 5B).
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Figure 5. Efficacy of L-ANN in CT26 colon cancer “lung metastasis” model

Female Balb/c mice were intravenously injected with 2x10° CT26.WT-Luc-neo cells. Nine days after tumor inoculation mice were randomized into three
groups receiving vehicle (saline), L-ANN at 4 mg/kg or 6 mg/kg. (A-B) Longitudinal analysis of BLI signals and. Its distribution 7 days after first dose of L-
Ann (C) Axial CT image of mice receiving vehicle or L-ANN 6 mg/kg performed on day 25) (D) BLI and microscopic images of extracted lungs fixed with
Bouin’s solution. Survival curves of vehicle and L-ANN treated mice. Arrows represent L-ANN injection

Summary

 ANN is a potent anticancer agent inducing DNA damage and shows nanomolar efficacy against tested cancer cells

* ANN shows dose- and time-dependent accumulation in cells with increased cytosolic localization as compared to DOX

* L-ANN, liposomal formulation of ANN has been developed and currently is being evaluated in clinical trials in AML patients
* PK and biodistribution studies in mice show high levels of ANN in lungs with a peak concentration reaching 200 uM

* L-ANN significantly inhibits tumor growth of lung-localized breast and colon cancers

* L-ANN reduces splenomegaly in tumor bearing animals

* L-ANN significantly extends survival and reduces tumor burden in mice with advanced lung localized cancers
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Survival curves of 4T1-luc injected mice receiving six doses of L-ANN (4 mg/kg ) or vehicle on a once a week schedule. Arrows represent L-ANN injection.
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