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HBV (sAg) Targets that affect HDV

* Briefly review the most advanced experimental HDV antivirals
* Bring your attention to a new therapeutic approach in development

Conflicts:

 Hepion (Board Member)

* Antegene (SAB Member)

e Co-Inventor (DHQ-E, several other experimental HBV drugs)

* President and Board Member:
Hepatitis B Foundation and its Baruch S Blumberg Institute/Pennsylvania
Biotechnology Center



HDV depends on HBV envelope polypeptides (SHBs,
LHBs) to complete its replication cycle
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NTCP receptors

In principle: anything that interferes

with HBV HBs production will be an

HDV antiviral
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Attention turning to drugs that

* Kill or eliminate HBV infected cells by immuno-stimulation or other
means (i.e. Therapeutic vaccine combinations)

* Target HBs directly (i.e. NAPs, siRNA)

* But, there is another possibility...



2017: Mueller et al (Roche) report a small
molecule that selectively reduced HBs
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Dihydroxyquinoline DHQ (RG7834)



In animals (mice, woodchucks) dramatic HBs
reductions
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DHQ works

(an RNA De-stabilizer”)

* Roche: Targeting a host enzyme, PAPD5 / 7 }
(Mueller et al 2018)

e Blumberg: Works through “De-stabilizing

HBV mRNA “PRE” sequence (Sun et al, et al

2018, 20)
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But: Almost all cell /defective host mRNA is degraded b
the PAPD5/7 pathway:

HBYV does the opposite.

So exciting: suggests HBV behaves more like a non coding RNA! All
new strategy for antivirals
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DHQs/HBV RNA Destabilizers: Extremely
promising, first in class, new approach

* But then, development abruptly stops...

* ?Neuro toxicity



DHQ may have toxicity
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Avoid neuro, off liver toxicity
Produce a liver targeted DHQ (DHQ-E)

OAT B receptor
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Blumberg: Lab of Yanming Du



DHQ-E retains excellent nano

molar anti-PAPD 5 activity
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BSBI-DHQ-1
BSBI-DHQ-2
BSBI-DHQ-3
BSBI-DHQ-4

BSBI-DHQ-5
BSBI-DHQ-6
BSBI-DHQ-7
BSBI-DHQ-8

65-10-A
65-05-B-OH

65-10-B 2008 +/- 1589
65025-A-OH 1.713 +/- 0.4534
65-25-B-OH 92.01 +/- 32.63
65-25-C-OH
65-42A-OH
65-42C-OH 1587 +/- 1048

DHQ-E uses the OAT P1 receptor

OATP1B1 and 1B3 Transporter Substrate

Table 1. Substrate of OATP1B1 in OATP1B1 -HEK293 Celis

Uptake Ratio Uptake Ratio

Compound Number Compound I Test Concentration (uM) (-/+inhibitor) (Transporter (smbas) MOk  smbas) ) Comment
Inhibitor Rifamycin SV 100
Positive Control Estradiol 17-B Glucuronide 10 8184 48.70
1 BSBI-65042E-OM 1 A potential in vitro substrate for OATP 18!
2 DHO-1 1 ).38 Not an in vitro substrate for OATP181
Table 1. Substrate of OATP183 in OATP1B3 -HEK293 Cells
c d Number c 410 st € M Uptake Ratio Uptake Ratio c
Ompoun uml OMpOoun: t Concentration (uM) (-/+inhibitor) (WBNSPOTLEr (inttaen) MOz 1ntbacs)) omment
Inhibitor Rif arrvycin SV 100
Positive Control  Estradiol 17-8 Glucuronide 10 86.15 9886 .
1 BSBI-65042.E-OH 1 11 4 A potential in vitro substrate for OATP183
2 DHQ-1 1 Not an in vitro substrate for OATP183

A compound is considered as a potential substrate gfarticular transporterwhen both
the Uptake ratio 1 and Uptake ratio 2 are greater than 2

Hepatoselective Dihydroquinolizinone Bis-acids for HBsAg mRNA Degradation (2021)
N. Hwang~, L. Sun?, D. Noe, P. Lam, T Zhou, T Block*, Yanming Du*



DHQ-E accumulates in the liver®nvivo), doesn’t cross
the blood brain barrier (in vitro)
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Hepatoselective Dihydroquinolizinone Bis-acids for HBsAg mRNA Degradation (2021)
N. Hwang~, L. Sun?, D. Noe, P. Lam, T Zhou, T Block*, Yanming Du*



Summary

* Any drug that interferes with HBV envelope (S,L) production or function
should have anti-HDV activity

* Drugs that Kill or eliminate HBV infected cells by:

** immuno-stimulation or other means (Therapeutic vaccine combinations)
¢ Target HBs directly (NAPs) or HBs mRNA (siRNA, antisense)
Are getting new attention

* A new stratng that targets HBV mRNA for degradation (HBV PRE, host
quality control)

 Liver targeting of this drug is hoped to reduce toxicity and make it viable



