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Part 1: Challenges to overcome drug resistance in chemotherapy

Main issues in chemotherapy are ...

Since paclitaxel was discovered,

(1) One of successful anticancer drugs
(2) an antimitotic agent, inducing cell death

Inherent or acquired drug resistance

(1) Reduce cytotoxicity of paclitaxel

(2) Has limited its use in aggressive cancers due to a relapse of
cancer
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Part 1: Challenges to overcome drug resistance in chemotherapy

Since antimitotic agent PTX was discovered in cancer therapy,

(1) Much attention was focused on mitotic arrest
(@) Espedially, Kinesin Spindle Protein (KSP)

KSP inhibition results in cell cycle arrest, eventually inducing cell death
Dozens of KSP inhibitors have been developed as anticancer drugs, however

(1) failed to be developed beyond clinical trials

@) Because adifferent endogenous kinesin Kif15 can replace the function /RK

of KSP in aggressive cancers
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to form mitotic spindle ]



Part 1: Challenges to overcome drug resistance in chemotherapy

Because padiitaxel binds to tubulin and can inhibit Kif15 motility in mitosis,

(1  Apotential candidate as a Kif15 inhibitor

@) "ldea” > acombination of KSP inhibitor and padlitaxel could fully induce mitotic arrest

even in aggressive cancers

While applying RNAI technology against KSP. we evaluated synergistic antitumor effects of paditaxel

() Targetfor chemoresistant HeyAS-MDR ovarian cancer
@) Wished to overcome resistance against KSP inhibitors

(3) Wished to enhance therapeutic effects of padlitaxel in chemoresistant cancers
(4) “PEGylated cationic liposomes” loaded with KSP siRNA and padlitaxel
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[ structure of delivery carrier
for PTXand KSPSiRNA]
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Part 1: Challenges to overcome drug resistance in chemotherapy

In vitrosilencing effects of KSP siRNA in sensitive and insensitive cancer cells
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When KSP was silenced, Kif15 expression was reduced in sensitive cancer cells, but not in
insensitive cancer cells = implying that Kif15 replaces the function of KSP in HeyA8-MDR cells
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Part 1: Challenges to overcome drug resistance in chemotherapy

Paditaxel functions as Kif15 inhibitors
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Kif15 inhibitor (=)

siKSP@Ip ( ) ( +
PTX

(+)
(+)

In drug-resistant HeyA8-MDR

Synergistic antitumor effects of pairwise comblnatlons of KSP siRNA and padiitaxel
— indicating that a combination therapy can overcome resistance to KSP inhibition and padiitaxel
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Themost prominentenhancement occurredina
combination of 2000 nM PTX and 50 nM siKSP (61.1%)
The dotted horizontal line indicaties no synergism
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Part 1: Challenges to overcome drug resistance in chemotherapy

In vivobiodistribution of siKSP/PTX@Ip in HeyA8-MDR-bearing mice
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[ tumor-specific co-delivery of KSP siRNA and paclitaxel ]
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Part 1: Challenges to overcome drug resistance in chemotherapy

Synergistic antitumor effects of a combination therapy in chemoresistant cell line xenograft

Ex vivoassays show that expression levels of KSP, Ki67, and Kif15 were reduced in tumors
Apoptosis occurred in tumor tissues
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Part 1: Challenges to overcome drug resistance in chemotherapy

Synergistic antitumor effects of a combination therapy in chemoresistant PDX models
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Part 1: Challenges to overcome drug resistance in chemotherapy

IN SUMMARY
Despite promising anticancer effects of KSP inhibitors, functional plasticity of kinesin induces resistance
against KSP inhibitors, leading to dinical failure
Paditaxel is a widely used anticancer drug, but drug resistance has limited its use in the recurrent
cancers
Here, we paired KSP inhibition with miaotubule stabilization using KSP siRNA and PTX
Ultimately, we observed significantly improved therapeutic effects of a combined therapy
in the drug-resistance /7 vivomodels, induding cell line xenograft and PDX models
This work provides a potential strategy to overcome both resistance to KSP inhibitors and PTX
This strategy can increase the therapeutic effects of PTX (2 pM) in the drug-resistant cancers
( note that 2 uM is very low when compared to 15 ~ 20 pM used in clinical applications)
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Challenges to overcome transient
silencing effects of RNAI
in cancer therapy




Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

Main issues in RNAI therapeutics are ...

* Issue of "How much?’ — how much siRNA can be delivered to sites of interest in body?
* Issue of "How long?’ — how long therapeutic effects can last at the site of interest in patient?
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Low loading efficacy & toxicities of carriers themselves Degradation of siRNA in cytoplasm = short duration of
—> side effects in high dosages = thus, it leads to poor therapeutic effects = thus, too frequent injections
therapeutic effects happen

How much? issue How long? issue
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

SiRNA delivery carrier : viral & non-viral carriers

1) Viral carrier 2) AAV (adeno-associated virus) virus
- adenovirus, lentivirus

e T

Long-term e No insertion into human L
L] ex ..fssion of Insertion into human genome / Lack of targeting ability
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—1 therapeutic = :
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

Main issues in the use of AAV virus are ...
AAV virus has some advantage in RNAI,

(1) long-term expression ability
(2) Low immunogenicity and pathogenicity

Important factor ;
Redirecting natural tropism of AAV to unique cell surface antigen

(1) Wild type of AAV has broad host tropism
(2) Lack of tissue specificity, limiting clinical use in cancer therapy
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy
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v AAV2 virus

at the surface of OVCARS3 cancer
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—> Complexing biotinylated antibody to surface of AAV

1) Strategy for retargeting AAV vectors
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

3) Formation of streptavidin-AAV complexes
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

5) Tumor-selective retargeting ability of 6) Low innate immunogenicity
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7) High expression level of EGFR in OVCARS3 ovarian cancer
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8) Antitumor effects in OVCAR3-bearing mice
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

9) Reduction of EGFR mRNA and protein at tumor tissues
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Part 2 : Challenges to overcome transient silencing effects of siRNA in cancer therapy

IN SUMMARY

*  Despite promising silencing effects of AAV vectors induding long-term expression and low
immunogeniaity, ladk of tissue spedficity has limited their use in cancer therapy

* Redirecting the natural tropism of AAV vectors is required for cancer therapy

* Toredirect AAV tropism, we here exploited EpCAM overexpression and anti-EpCAM antibodies
through a SA-biotin bridge

e  \We observed prominent tumor accumulation of anti-EpCAM-AAV2/shEGFR virus in xenograft

*  Utimately, we observed significant suppression of tumor growth even at the long dosing interval
of two weeks

* This work provides a potential strategy to redirect AAV2 vectors to tumors, as well as

to overcome transient silencing effects of SIRNA #7 vivo
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