BRI L AR— N - & 76 [H

~EHNS—F~

AL, mEREICKT 57177 ) a— L OBRIZHONTTT, KEUANOIMERIEICKR L
TiE, Fiffe PRV ey o Eosidy AR L 2B 0GR B S E T
D, AGFHREIER IS SRR D872 7218 5 OB AUIEN TALWTT, T4, 7rnr7 /1
— AN RFINEL ONREFEDDNEND DA RE S, EHEBROTCHET, 7
AU T TIEHBUE, EEORFHERGE CMBLE RAEOINZIC e 77 Ja— e RE Y LE
U R O R A R AR T AV TN E S, D (i 55 AR 0D SRS A AR 13 AR &
LT67ATHY, a7/ a—Le REYLELVOANZD6 » HOBEZ#BE 2 T
HZ LB TWET,



TurZ )=V Y Y — NEEFIERE S FEAPE A E 2 D Z LI X mEAERRO R
BT BRI E O D
Front Oncol. 2021 Feb 1;10:614288 doi: 10.3389/fonc.2020.614288. eCollection 2020.
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Angiosarcoma is a rare cancer of blood vessel-forming cells with a high patient mortality and few
treatment options. Although chemotherapy often produces initial clinical responses, outcomes
remain poor, largely due to the development of drug resistance. We previously identified a subset of
doxorubicin-resistant cells in human angiosarcoma and canine hemangiosarcoma cell lines that
exhibit high lysosomal accumulation of doxorubicin. Hydrophobic, weak base chemotherapeutics,

like doxorubicin, are known to sequester within lysosomes, promoting resistance by limiting drug
accessibility to cellular targets. Drug synergy between the beta adrenergic receptor (3-AR)



antagonist, propranolol, and multiple chemotherapeutics has been documented in vitro, and clinical
data have corroborated the increased therapeutic potential of propranolol with chemotherapy in
angiosarcoma patients. Because propranolol is also a weak base and accumulates in lysosomes, we
sought to determine whether propranolol enhanced doxorubicin cytotoxicity via antagonism of B-ARs
or by preventing the lysosomal accumulation of doxorubicin. B-AR-like immunoreactivities were
confirmed in primary tumor tissues and cell lines; receptor function was verified by monitoring
downstream signaling pathways of B-ARs in response to receptor agonists and antagonists.
Mechanistically, propranolol increased cytoplasmic doxorubicin concentrations in sarcoma cells by
decreasing the lysosomal accumulation and cellular efflux of this chemotherapeutic agent.
Equivalent concentrations of the receptor-active S-(-) and -inactive R-(+) enantiomers of propranolol
produced similar effects, supporting a B-AR-independent mechanism. Long-term exposure of
hemangiosarcoma cells to propranolol expanded both lysosomal size and number, yet cells
remained sensitive to doxorubicin in the presence of propranolol. In contrast, removal of propranolol
increased cellular resistance to doxorubicin, underscoring lysosomal doxorubicin sequestration as a
key mechanism of resistance. Our results support the repurposing of the R-(+) enantiomer of
propranolol with weak base chemotherapeutics to increase cytotoxicity and reduce the development
of drug-resistant cell populations without the cardiovascular and other side effects associated with
antagonism of B-ARs.



