Long-term SHIV Suppression Using AAV Delivery of Monoclonal Antibodies
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Background

HIV infection can be suppressed with anti-retroviral treatment (ART) but the existence
of long-term reservoirs allows the viral load to rebound quickly after ART interruption'.
Attempts to purge these reservoirs in vivo have not been successful and viral inducers
may have serious undesirable effects23. Consequently, there is intense interest at the
current time in finding strategies to prevent this rebound, i.e. finding a “functional
cure”. Passive transfer of broadly neutralizing antibodies (bNAbs? can prevent
infection*$, and also suppress active infection in humanized mice and macaques’-°.
Importantly, bNAbs can also suppress HIV emerging from the viral reservoir!t and
therefore they could be a good alternative to ART'213. However, periodic
administrations of large amounts of protein would be required for long-term effects,
otherwise and similarly to ART, discontinuation of bNAb therapy would result in viral
rebound2. A potential solution for overcoming this, is the use of recombinant adeno-
associated virus vectors ﬁA 3. AAV has an outstanding safe?/ record in clinical
trials'4 and, as long as the delivered protein is viewed as selfis, it can result in
continuous durable expression of the transgene product for years?6-20,

The idea is that HIV-infected people could get one shot of AAV making a cocktail of
bNAbs and if satisfactory levels of antibody could be maintained in vivo, those
individuals would remain suppressed for years without having to take ART or receive
regular antibody administrations. Our intention is to perform experiments in monkeys
that will inform and guide development of this concept for use in people.

Methods

1st experiment: after 86 weeks of SHIV-AD8 infection, 4 rhesus macaques were
inoculated intramuscularly with 3 different AAV1s encoding for 3 different broadly
anti-HIV antibodies in a peutic app! (10-1074, 3BNC117 and
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2nd experiment: in a similar trial, after 36 weeks of SHIV-AD8 infection, 6 rhesus
were i i ly with 4 different AAV8s encoding for 4
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different broadly izing anti-HIV iesina ic approach
(N6, PGT128, 35022 and PGT145). They received a booster inoculation with
AAV1s ing for the same antibodi

In both experiments viral loads were measured by RT-PCR. Antibody and
nti-antibody levels were by ELISA.

Abstract

Background: Long-term delivery of anti-HIV monoclonal antibodies using adeno-associated virus
(AAV) holds promise for the treatment of HIV infection. We have previously reported monkey rh2438 in
which a single administraion of AAVs encoding a combination of potent and broadly neutraiizing
antibodies during the chronic phase of infection resulted in an abrupt decline in plasma viremia which
remained below the fimit of detection for 38 successive measurements over a 3-year period (Martinez-
Navio & Fuchs et al. Immunity 2019). The field has nicknamed this monkey “the Miami monkey”
analogous to “the Berlin patient”, a person that was cured of his HIV infection. This monkey never
received antiviral drugs at any fime and therefore appeared functionally cured.

Methods: Indian-origin rhesus macaques (Macaca mulatta) housed at the Wisconsin National Primate
Research Center were used for our studies. Monkeys received recombinant AAY vectors expressing full
length authentic IgG1 versions of the monocional antibodies. Rhesus monkeys were infected with
SHIV-AD8 months before receiving AAV expressing constant-region rhesusized versions of select anti-
HIV monoclonal antibodies. Antibody and anti-antibody levels were measured by ELISA.

Results: Here we report that monkey 2438 continues to be suppressed (5 years and counting) and
expressing high levels of antibodies 10-1074 and 3BNC117 in serum. Monkey rh2438 generated little or
no anti-drug antibodies to these antibodies. Additionally, we have two other macagques, 14121 and
14097, which also received AAVs coding for a cocktail of neutralizing anti-HIV antibodies during the
chronic phase of infection and have shown suppressed viral loads for the last 2 years. Monkey r14121
showed sustained delivery of reasonable levels of antibody PGT128 and a late rise of antibody N6,
Monkey r14097 showed sustained delivery of antibodies PGT128 and N6 at reasonable levels and a
late rise of antibodies 35022 and PGT145

Conclusions: Our data show that durable, continuous antibody expression can be achieved after one
administration of AAY and support the potential for lifelong suppression of viral loads with the AAV-
antibody approach.

1. Monkey rh2438 persistently maintained high ions of antibodi
3BNC117 and 10-1074 in serum following the AAV administration with a late

rise of antibody 10E8:
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Results

3. After AAV administration, animal rh2438 achi p and
virologic control during the chronic phase of the infection:
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4. In a second therapy trial, monkeys r14097 and r14121 exhibited

5. Monkey 14097 showed sustained delivery of two antibodies at reasonable
levels: PGT128 (20-25 pg/ml) and N6 (5-15 pug/ml); and a late rise of antibody
35022 to 5-8 pug/ml and of antibody PGT145 to 1 ug/ml. Monkey r14121
showed sustained delivery of 10-20 ug/ml of antibody PGT128, and a late

rise of antibody N6 to 4 ug/ml:
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2 Monkey rh2438 generated little or no anti-drug antibodies (ADAs) to the 10- . " "
* 1074 and 3BNC117 antibodies. suppression of viral loads after AAV therapy with antibodies: 6. f:egz:'" monkeys 14097 and r14121 seemed to explain well the antibody
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antibody expression can be achieved after one

2. Our data support the potential for lifelong suppression of viral loads with the
AAV-antibody approach.




