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Abstract

A preventative HIV-1 vaccine is an essential intervention needed to halt the HIV-1
pandemic. Neutralizing antibodies protect against HIV-1 infection in animal models, and
thus an approach toward a protective HIV-1 vaccine is to induce broadly cross-reactive
neutralizing antibodies (bnAbs). One strategy to achieve this goal is to define envelope
(Env) evolution that drives bnAb development in infection and to recreate those events
by vaccination. In this study we report the immunogenicity, safety and efficacy in rhesus
macaques of an SlV-based integrase defective lentiviral vector (IDLV) expressing
sequential gp140 Env immunogens derived from the CH505 HIV-1-infected individual
who made the CH103 and CH235 bnAb lineages. Immunization with IDLV expressing
sequential CH505 Env induced higher magnitude and more durable binding and
neutralizing antibody responses compared to protein or DNA +/- protein immunizations
using the same sequential envelopes. Compared to monkeys immunized with vector
expressing Envs alone, those immunized with the combination of IDLV expressing Env
and CH505 Env protein demonstrated improved durability of antibody responses at six
month after the last immunization as well as lower peak viremia and better virus control
following autologous SHIV-CH505 challenge. There was no evidence of vector
mobilization or recombination in the immunized and challenged monkeys. Our results
show that while IDLV proved safe and successful atinducing higher titer and more durable
immune responses compared to other vaccine platforms, the use of non-stabilized

sequential envelope trimers did not induce broadly neutralizing antibody responses.
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Introduction

Vaccine induced immunity is generally provided by the elicitation of protective and durable
antibody responses. The HIV-1 envelope (Env) is the only target of neutralizing antibodies
(nAb)1. Several strategies have been evaluated to induce broadly neutralizing antibodies
(bnAbs), including the use of various immunization strategies and Env-based
immunogens. However, none of these strategies have been effective at inducing broadly
neutralizing antibodies (bnAbs) in humans or in non-human primates (NHPs)2-4. Antibody-
virus co-evolution studies performed on HIV-1 infected individuals from the time of
transmission to bnAb development have demonstrated that bnAbs arise after extensive
Env diversifications-7z. Thus, one strategy to induce bnAbs is to perform sequential
immunizations with a series of Env isolates from an individual that made bnAbs to mimic
natural infection by vaccination and guide bnAb development.

The other crucial aspect of a successful vaccine strategy is the selection of an
antigen delivery system that can provide high magnitude and durable immune responses.
In the modestly effective RV144 trials, the estimated vaccine efficacy dropped significantly
between 6 months to 12 months after vaccination, which correlated with the rapid decline
of vaccine induced antibody responses highlighting the importance of maintaining
adequate concentrations of protective antibodies over time.

We have shown, in both mice and macaque studies, that integrase defective
lentiviral vectors (IDLV) provides prolonged antigen expression and can induce potent
and durable antigen-specific immune responsess-13. We demonstrated that immunization
with an SIV-based IDLV expressing an HIV-1 envelope (Env) induces continued antibody

affinity maturation up to three months post-prime, which is further improved upon
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additional IDLV-Env immunizationsi2. Furthermore we demonstrated persistent antigen
expression at the site of injection up to three months post intramuscular immunizationiz,
(Lin et al., 2020 in press) suggesting a direct correlation between the continuous antigen
expression by IDLV and the durability of antigen specific immune responses (Lin et al.,
2020 in press).

The SIV-based IDLV has been engineered with a number of features to enhance
its safety, including the deletion of the promoter/enhancer elements present in the U3
region of the LTR14. This self-inactivating (SIN) feature, together with the episomal
configuration of IDLV, markedly reduces the risk of vector recombination that could result
in production of replication competent lentivirus (RCL), insertional mutagenesis, and
mobilization of the vector from transduced target cells by subsequent infection with a
replication competent virus. However, the possibility of recombination between IDLV and
the replication competent virus has never been tested in non-human primates.

Here we report that repeated sequential immunization with IDLV expressing gp140
Envimmunogens derived from the CH505 HIV-1 infected individual who made the CH103
and CH235 CD4 binding site bnAb lineagess, 7,15, was immunogenic and safe in rhesus
macaques. We demonstrate that IDLV-CH505-Env +/- CH505 Env protein induced higher
magnitude and durability of antibody responses compared to protein alone, DNA and
DNA+ protein immunization strategies using the same envelope immunogens. Following
repeated low-dose intrarectal challenges with the autologous SHIV.CH505.375H.dCT1s,
17 virus, one out of 8 animals in the IDLV + protein group resisted infection and this group
of animals had 3.6 times lower peak viral load compared to the control group of animals

immunized with an IDLV expressing GFP (n = 11). Differently from animals immunized
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with IDLV-CH505 Env alone and animals in the control group, we observed rapid and
sustained viremia control in the IDLV + protein group that correlated with the magnitude
and quality of the antibody responses. Finally, to evaluate the safety of sequential IDLV-
CH505 Env immunization a group of 4 vaccinated animals was challenged intravenously
with SHIV.CH505.375H.dCT to enhance the possibility of potential recombination and/or
mobilization events between the challenge virus and the IDLV vaccine. No
recombination/mobilization events were detected in these animals. Our study
demonstrates that IDLV is a safe and effective vaccine platform that induces high

magnitude and durable immune responses against HIV-1.

Results

Study design. The set of CH505 Envs used in this study were selected based on binding
to stages of the CH103 bnAb lineage: the CH505 transmitted founder (T/F) and three
natural CH505 variants (week 53, 78, and 100)1s. Thirty-one Indian rhesus macaques
were divided into four immunization groups as shown in figure l1la; one group of eight
animals was immunized intramuscularly with IDLV expressing sequentially evolved
CH505 gp140 envelopes (T/F, w53, w78, w100) at six months intervals (Group B1 — IDLV-
CHS505 alone). The second group of eight animals was immunized intramuscularly with
IDLV expressing sequentially evolved CH505 envelopes in combination with the
corresponding CH505-gp140 protein in GLA-SE1s adjuvant (Group B2 — IDLV-CH505 +
protein). For the last two immunizations of both B1 and B2 group animals we used IDLV
expressing a stabilized gp140 SOSIP Env trimer (CH505.w136 SOSIP) with the goal of
focusing antibody responses towards the epitopes targeted by different bnAbsa, 19, 20. A

third group of eleven animals served as the control group and received sequential
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immunizations with IDLV-GFP (Group B3). At the end of the scheduled vaccinations,
monkeys in groups Bl, B2 and B3 received ten intrarectal challenges with
SHIV.CH505.375H.dCT, whereas, a fourth group of four animals, also immunized
intramuscularly with IDLV expressing sequentially evolved CH505 envelopes (Group A),
was challenged intravenously to maximize the chances of possible recombination
between IDLV and the replication competent SHIV-CH505, as assessed in the safety

studies described below.

Improved durability of Env-specific Ab responses post sequential IDLV-Env
immunization. Plasma antibodies (Abs) specific for CH505.T/F-Env were assessed at
two weeks post each immunization and then monthly thereafter. All NHPs developed high
titers of CH505.T/F-gp140 Env-specific Abs at 6 weeks post-prime (figure 1b), that were
strongly boosted after each subsequent IDLV-CH505 Env immunizations. Immunizations
with IDLV-CH505 alone elicited similar antibody responses as IDLV-CH505 + protein at
the prime, however after the subsequent boosts antibody titers were higher in the IDLV-
CH505 + protein co-immunization group (figure 1b). In this group of animals, antibody
titers at 6 months after the IDLV-CH505w.100 gpl140 immunization (week 97) were
significantly higher (p = 0.0234 based on a Wilcoxon signed-rank test) than those
detected at 6 months after the first immunization (week 24) (figure 1b), suggesting that
the durability and magnitude of the vaccine-induced antibody response improved over
time. Similar antibody titers as in group B1 animals were induced in the four animals in

group A, also immunized intramuscularly with IDLV-CH505 alone (figure 1c).

We observed that following the fifth immunization with IDLV expressing the CH505.w136

SOSIP gp140 Env, there was no boost in the antibody response induced by the previous
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immunization with non-stabilized gp140 Envs, suggesting that IDLV-CH505.w136 SOSIP
immunization induced antibodies against epitopes only present on the closed envelope
trimer. To confirm this, we performed PGT151 SOSIP capture ELISAs to detect anti-
CH505.w136 SOSIP specific antibodies. As shown in figure 1d, anti-CH505.w136 SOSIP
specific antibodies were elicited in all animals between 2 and 6 weeks post-vaccination
and were significantly boosted (p = 0.0156 for both comparisons using Wilcoxon signed-
rank tests) by a second IDLV-CH505.w136 SOSIP +/- protein immunization. These data
suggest that immunization with IDLV-CH505.w136 SOSIP Env induced a narrower and

more specific Ab response compared to immunizations with non-stabilized gp140 Envs.

Epitope mapping of antibody response induced by sequential IDLV-CH505
immunizations. We next characterized the epitope specificities of the antibodies induced
by the sequential IDLV-CH505 Envs +/- protein immunizations by peptide microarray.
Serum samples collected at 2 weeks after each boost immunization (weeks 26, 51, 75,
97 and 113) were tested for their ability to bind to a panel of Env sequences from different
clades. Immunized animals in both groups developed cross-clade responses against a
range of linear epitopes in gpl120 (figure 2a) and gp41 (figure 2b), including C1, V3, V5,
C5, AVERY, gp41 IDR, and MPER. Binding against the variable loop 2 (V2) was also
detected in all the animals but was primarily specific for CH505 sequences (figure 2a).
Binding specificities were overall similar between the two groups (supplementary figure
1), but the magnitude of the responses trended higher in group B2 animals for the majority
of the epitopes (figure 2). Following IDLV-CH505.w136 SOSIP boosts a reduction in the
magnitude of binding responses against different epitopes was observed in both groups

of animals (figure 3). Differences were observed for V2 and MPER binding responses
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between group B1 and B2 animals after the last IDLV- CH505.w136 SOSIP immunization
(figure 3b). These data further suggest that immunization with IDLV-CH505.w136 SOSIP
Env induced a narrower Ab response compared to immunizations with non-stabilized
gpl40 Envs and that the addition of the CH505.w136 SOSIP Env protein in group B2
animals resulted in higher magnitude of antibody binding against specific epitopes,

including V2 and MPER.

Sequential IDLV-CH505 immunizations induce high-titers of tier-1 neutralizing
antibody responses but no breadth. We next assessed the serum neutralizing activity
induced by sequential IDLV-CH505 Envs immunization. Neutralization assays were
performed on serum samples collected at different time points post-immunization
including at the peak of the antibody response (weeks 6, 26, 51, 75, 101 and 113), 6
months after the second (week 49) and fourth (week 91) immunizations as well as 2, 11
and 16 weeks (weeks 97, 106 and 111 respectively) after the first IDLV-CH505.w136
SOSIP immunization and 2 weeks (week 113) after the second IDLV-CH505.w136 SOSIP
immunization. Serum samples from all 16 macaques in groups B1 and B2 neutralized the
autologous tier 1 virus CH505 w4.3 after the second immunization with IDLV-CH505.w53
gpl40 Env immunization (Table 1). However, nAbs against the four sequential
autologous viruses (CH505 TF, week 53, week 78, week 100) and the challenge SHIV
CH505.375H were not elicited (data not shown). We also assayed sera starting at week
75 for neutralization of viruses that are sensitive to neutralization by the inferred
unmutated common ancestor and intermediate antibodies in the CH103 lineage=1, but
failed to detect neutralization of this panel of viruses. Significantly higher tier 1 neutralizing

antibody titers were detected in group B2 animals (IDLV-CH505 + protein) compared to
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group B1 animals (IDLV-CH505 alone) across all time points (p < 0.0001 using an aligned
rank test). An increase in nAb titers was detected after each immunization except after
the last IDLV-CH505.w136 SOSIP boost. These data indicate that sequential IDLV-
CH505 Env immunizations induced high titer of tier 1 neutralizing antibodies but no

neutralization breadth.

Sequential IDLV-CH505 immunizations induce higher binding and neutralizing
antibody titers than protein and DNA+/- protein immunization regimens. We next
compared the magnitude and durability of binding and neutralizing antibody responses
between sequential IDLV +/- protein, protein alone and DNA +/- protein immunization
regimens delivering the same sequential CH505 envelopeszz, 23. The same adjuvant
(GLA-SE) was used in all the regimens that included protein. The immunization schedule
for each of the vaccine regimens tested is shown in figure 4a. Of note, while in the IDLV-
based regimens the animals were immunized every 6 months, in the protein and DNA +/-
protein regimens the animals were immunized every 6 weeks before receiving a delayed
boost at either 4 or 8 months, respectively. Significantly higher magnitude of antibody
responses were induced in the IDLV +/- protein groups compared to DNA +/- protein
groups (figure 4b). The durability of antibody responses at six months post-vaccination
was also significantly higher in the IDLV +/- protein groups compared to protein or DNA
alone (4 months). Similarly, neutralizing antibody titers were significantly higher in the
IDLV+/- protein groups compared to DNA alone and in the IDLV + protein group compared
to protein (figure 4c). Although the median nAb titer values for the IDVL + protein group
was 5890 and for the DNA + protein group was 640, this difference did not reach statistical

significance due to the small sample size of the DNA + protein group (n= 4). These
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comparisons demonstrate that IDLV+/- protein induced a more durable antibody

response compared to protein alone and DNA +/- protein vaccine regimens.

Sequential IDLV-CH505 efficacy against autologous SHIV challenge. To assess the
efficacy of the sequential IDLV +/- protein vaccines, we challenged animals in B1, B2 and
B3 groups beginning at week 117 (6 weeks after the last immunization) ten times with a
weekly intrarectal low-dose autologous Tier-2 SHIV.CH505.375H.dCT. Eleven animals
immunized with an IDLV-GFP vector were challenged as the control arm. After ten
challenges, only 1 of the 8 IDLV-CH505 + protein vaccinated animals remained
uninfected, while all the animals in the IDLV-CH505 group became infected. In the control
arm (IDLV-GFP) all the animals became infected after 8 challenges (figure 5a). There
was a difference between IDLV-CH505 + protein, IDLV-CH505 alone and the IDLV-GFP
control groups in peak viral load, with the IDLV-CH505 + protein group having ~3.6 times
lower peak viral load compared to IDLV-CH505 alone or IDLV-GFP (figure 5b).
Furthermore, we observed more rapid and sustained control of viremia in the IDLV-
CH505 + protein group compared to IDLV-CH505 alone group, with 71% (5/7) of group
B2 animals and 37.5% (3/8) of group B1 animals having viral loads below the limit of
detection at the time of necropsy (10 weeks post last challenge) (figure 5c-d). Virus
control was observed also in 45.4% (5/11) of the animals in the control arm (IDLV-GFP)
(figure 5e). As some of the vaccinated animals showed sustained viral load levels after
infection, we analyzed the data from neutralization assays against the SHIV CH505.375H
challenge virus at week 113 (prior to challenge) for enhancement of virus infection in vitro

but detected none (data not shown).
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Because SIV-Gag is present in both the IDLV-CH505 and IDLV-GFP vector particles, we
next measured anti SIV-Gag specific T cell responses in the three groups of animals, to
determine whether differences in SIV-Gag responses between animals that controlled or
did not control viral load could be detected. Similar anti SIV-Gag responses were detected
in the three groups of animals (supplementary figure 2 a-c). The anti-CH505 Env T cell
responses were also similar between group B1 (IDLV-CH505 alone) and group B2 (IDLV-
CH505 + protein) animals (supplementary figure 2 d-e). No correlation between IFN-y
responses (weeks 75, 97 and 101) and time to virus acquisition was observed. These
data suggest that the vaccine induced T cell responses did not influence the time to

infection.

Binding and neutralizing antibody titers correlate with time to virus acquisition. To
determine whether the differences in binding and neutralizing antibody titers detected
between the two vaccine groups played a role in the observed challenge outcome, we
performed Kendall Tau correlation analyses. A correlation between binding antibody titers
at weeks 75 and 97 (figure 6a) and time to virus acquisition (figure 6b) was observed
(Kendall tau correlation p <0.05) for group B2 animals (IDLV-CH505 + protein). The
animal that remained uninfected (6601) and the one that was infected at the last challenge
(6600) demonstrated the higher magnitude of binding antibody responses (figure 6a),
while the animals that got infected between 1 and 2 challenges (6577, 6578, 6584) had
the lowest antibody titers. Similarly, a correlation between neutralizing antibody titers at
weeks 101 for group B1 and weeks 75, 97 and 101 for group B2 (figure 6¢) and time to

virus acquisition was observed (Kendall tau correlation p <0.05).
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Because we observed quantitative differences in epitope binding specificities between
the two vaccine regimens (figure 3), we next compared epitope binding responses
among animals based on vaccine group (B1 vs B2), viral load (below and above 250
copies/mL) and time to acquisition (higher and lower than 6 challenges to infection). We
observed significant differences (Exact Wilcoxon test) in epitope binding responses
between group B1 and B2 for C2, C5, V2 and V3 epitopes (figure 6d-e). When comparing
epitope binding specificities between controller vs non controller animals, significant
differences in binding to AVERY, C2, V2 and V5 epitopes were observed. Additionally,
the animals that required more than 6 challenges to infection demonstrated higher binding

to AVERY and C5 epitopes.

These data suggest that the differences in nAb titers and magnitude of Ab specific for
certain epitopes between the two vaccine regimens played a role in the challenge

outcome.

Absence of mobilization and or recombination between IDLV and the challenge
virus. To evaluate the safety of sequential IDLV-CH505 Env immunization a group of 4
macaques was challenged intravenously with SHIV.CH505.375H.dCT (figure 1a) to
enhance the possibility of potential recombination and/or mobilization events between the
challenge virus and the IDLV-CH505 vaccines. All the animals became infected after one
IV challenge (figure 5a). Mean peak plasma viral load for the group was 136,322
copies/mL and at the time of necropsy (12 weeks post-challenge) 2 of the 4 animals had
viral loads below 250 copies/mL (figure 7a). To assess the possibility of recombination
and/or mobilization events, we performed single genome amplification (SGA) on

peripheral blood mononuclear cells (PBMC) and lymph node cells using primer sets
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designed to amplify any of the five CH505 gp140 env sequences encoded by IDLV
(supplementary figure 3). We could not amplify any vector sequence in either PBMC or
lymph node cells. Conversely, using SHIV.CH505.375H.dCT specific primers we were
able to amplify several SHIV sequences in both PBMC and LN cells (figure 7 b-c). These
data demonstrate no tendency for IDLV to recombine with actively replicating virus in an
infected host and indicate that IDLV is a safe platform for HIV-1 vaccine that can be used

in repeated immunizations.

Discussion

In this study, we evaluated the immunogenicity, safety and efficacy of sequential
immunizations of rhesus macaques with an SIV-based IDLV, with or without protein,
expressing a series of envelopes isolated from the CH505 individual who made the
CH103 and CH235 broadly neutralizing antibody (bnAb) lineages. Our results show that
co-immunization with IDLV and protein induced higher magnitude and durability of
antibody responses compared to IDLV alone. In the IDLV + protein co-immunized animals
we detected higher titers of neutralizing antibodies and higher V2 and MPER epitope
binding after the last IDLV-CH505.w136 SOSIP immunization, suggesting that the
addition of the protein improved neutralizing Abs titers and the magnitude of Abs against
specific epitopes in the vaccinated macaques.

We also compared the magnitude and durability of the antibody response induced by
IDLV-CH505 +/- protein vaccination to those induced by protein and DNA +/- protein
vaccine regimens delivering the same series of CH505 envelopes in historical NHP
studies 22, 23. Our analysis showed that co-immunization with IDLV and protein was

superior to any of the tested vaccine regimens in terms of magnitude and durability of the
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immune responses at 6 months post-vaccination. Furthermore, IDLV alone induced
higher magnitude of antibody responses compared to DNA +/- protein and more durable
antibody responses compared to protein alone or DNA +/- protein. Similarly, serum
neutralizing activity was significantly higher in the IDLV + protein co-immunized animals
compared to all the other tested vaccine regimens. These data support the use of IDLV
as a vaccine platform to induce higher magnitude and more durable immune responses
against HIV-1 as well as other pathogens.

Consistent with previous studies that performed sequential immunizations of macaques
with gp120 or gp140 CH505 envelopesz22, 23, we did not detect neutralization breadth in
the sera of the vaccinated animals in this study. Several studies have shown that SOSIP
trimers engineered for increased Env stability better mimic native, virion-associated
trimers both antigenically and structurally, including by displaying the epitopes for many
bnAbsa, 19, 20, 24, 25. We therefore performed the last 2 immunizations with IDLV expressing
a stabilized gp140 SOSIP Env trimer (CH505.w136 SOSIP) with the goal of focusing
antibody responses towards the epitopes targeted by bnAbs. We observed that following
IDLV-CH505.w136 SOSIP immunization there was induction of antibodies against
epitopes only present on the closed envelope trimer, while we did not detect a boost in
the antibody response induced by the previous immunization with non-stabilized gp140

Envs.

Although we detected a narrower and more specific Ab response compared to
immunizations with non-stabilized gpl140 Envs, the two immunizations with IDLV-
CH505.w136 SOSIP Env were not sufficient at inducing neutralization breadth. Recent

studies demonstrated that there are several other factors working against the elicitation
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of bnAbs by vaccination, including host control, the paucity of bnAb precursors, the
structure of the HIV-1 Env and the need for bnAbs to acquire improbable somatic
mutations for their neutralization activity2s-2s. Substantial progress has been made in
immunogen design to overcome some of those roadblocks. Saunders et al. recently
demonstrated that a structurally modified CH505 Env could bind to the initial precursor of
the bnAb lineage and could select for specific HIV-1 bnAb improbable mutations, resulting
in the induction of potent neutralizing CD4 binding site antibodies in macaques2s. Future
studies will determine whether the expression of these novel immunogens by IDLV will

drive bnAb maturation.

Although the induction of bnAbs by vaccination is desirable, results from human HIV-1
vaccine trials (RV144, APPROACH and IPCAVDO010/HPX1002) as well as from
preclinical studies in NHPs suggest that non-neutralizing antibodies could also reduce the
risk of virus acquisition and mediate protections, 30-32. We therefore evaluated the efficacy
of sequential IDLV-CH505 +/- protein vaccination against autologous virus acquisition.
Only one animal in the IDLV-CH505 + protein co-immunization group resisted infection
following 10 intrarectal challenges with SHIV.CH505.375H.dCT. This group of animals
demonstrated 3.6 times lower peak viremia and better virus control compared to the
control group of animals immunized with IDLV-GFP or IDLV-CH505 alone. Interestingly,
we observed a positive correlation between the magnitude of binding and neutralizing
antibody responses and time to virus acquisition. Significant differences in binding to
AVERY, C2, V2 and V5 epitopes were also observed between controller and non-
controller animals. Additionally, animals that required more than 6 challenges to become

infected demonstrated stronger binding to AVERY and C5 epitopes. All together these
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data suggest that the differences in the magnitude of the antibody responses induced by
the two vaccine regimens (IDLV-CH505 alone and IDLV-CH505 + protein) resulted in a

more favourable challenge outcome in the co-immunization group.

Another important aspect we addressed in this study is the safety of the IDLV-vaccine
following infection with a replication competent virus. While there are a number of safety
features built into the SIV-based IDLV used for immunization, testing these features in
the setting of viral infection is critical, especially regarding the chance for a recombination
event resulting in replication competent virus. We have previously demonstrated that
immunization of rhesus macaques with IDLV-Env did not result in the generation of RCLs
in vivoi1. Here, we assessed the safety of sequential IDLV vaccinations by evaluating
vector mobilization and/or recombination events in PBMC and lymph nodes samples of 4
macaques vaccinated with sequential IDLV-CH505 and then challenged intravenously
with SHIV.CH505. No evidence of vector mobilization or recombination between IDLV

and the challenge virus could be detected.

In summary, the use of IDLV as a vaccine delivery system to express HIV-1 Env is a
promising approach, particularly in light of its safety profile, the higher durability of
immune responses, higher magnitude of neutralization and persistence of antigen
expression compared to DNA and protein vaccination strategies. While IDLV proved
successful at inducing high titer and durable immune responses, the immunogen strategy
utilizing sequential non stabilized/optimized trimers did not induce tier 2 antibody
responses, and this has been consistent across the different vaccine platforms used to
deliver sequential gp120 or gp140 CH505 Envs. However, recent data from our group

and others have demonstrated that conformationally stabilized Env trimer immunogens,
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in contrast to non-stabilized Envs, consistently induce autologous tier-2 neutralizing
antibodiess, 29, 33. Future studies will evaluate the ability of IDLV delivering stabilized Env

trimers to enhance B-cell maturation and drive bnAb development.

Methods

Construction of IDLV-CH505 Envs plasmids. The clade C HIV-1 Env C.CH505 gp140
glycoproteins (T/F, w.53, w.78. w.100 and w.136 SOSIP)s were cloned into a SIV-based
self-inactivating lentiviral transfer vector downstream of the internal CMV promoter
(PGAE-CMV-CH505-Env-Wpre). The transfer vector pGAE-CMV-GFP-Wpre expressing
the green fluorescent protein (GFP), the IN-defective packaging plasmids pAd-SIV-D64V,
and the vesicular stomatitis virus envelope glycoproteins (VSV-G) for vector pseudotyping

have been previously describedi2, 4.

Vector production and validation The human epithelium kidney 293T Lenti-X cells
(Clontech Laboratories, Mountain View, CA) were maintained in Dulbecco’s Modified
Eagles medium (Thermo Fisher Scientific, Waltham, MA) supplemented with 10% fetal
bovine serum (GE Healthcare Life Sciences, HyClone Laboratories, South Logan, UT)
and 100 units per ml of penicillin—streptomycin—glutamine (PSG) (Thermo Fisher
Scientific). For production of recombinant IDLV, 3.5 x 106 Lenti-X cells were seeded on
100 mm diameter Petri dishes and transfected with 12 pg per plate of a plasmid mixture
containing transfer vector, packaging plasmid and VSV.G plasmid in a 6:4:2 ratio, using
the JetPrime transfection kit (Polyplus Transfection llikirch, France) following the
manufacture’s recommendations. At 48 and 72 hours post-transfection, culture
supernatants were cleared from cellular debris by low-speed centrifugation and passed

through a 0.45 pm pore size filter unit (Millipore, Billerica, MA). Filtered supernatants were
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concentrated by ultracentrifugation for 2 hours at 23.000 RPM on a 20% sucrose cushion.
Pelleted vector particles were resuspended in 1x phosphate-buffered saline (PBS) and
stored at -80 °C until further use. Each IDLV stock was titered using a reverse
transcriptase (RT) activity assay (RetroSys RT ELISA kit, Innovagen, Lund, Sweden) and
the corresponding transducing units (TU) calculated by comparing the RT activity of each
IDLV-CH505-Envs stock to the RT activity of IDLV-GFP stocks with known infectious

titersiz.

Animals, IDLV-injection and SHIV challenge protocol. The thirty-one Indian origin
rhesus macaques (Macaca mulatta) used in this study were negative for Mamu-A*01,
Mamu-B*08 and Mamu-B*17 alleles and were housed at BIOQUAL, Inc. in accordance
with the recommendations of the Association for Assessment and Accreditation of
Laboratory Animal Care International Standards and with the recommendations in the
Guide for the Care and Use of Laboratory Animals of the United States - National
Institutes of Health. The Institutional Animal Use and Care Committee of BIOQUAL

approved these experiments (study # 18-001).

Animals were immunized six times intramuscularly with sequential IDLV-CH505-Envs
with 3 x 108 TU per animal in 0.7-ml injection volume divided into two sites (left and right
guadriceps). In the IDLV-CH505 + protein group the animals received 100 pg of the
corresponding CH505 gp140 protein in 25 ug of GLA-SE adjuvant (synthetic
monophosphoryl lipid A in stable emulsion)is in addition to IDLV. Anticoagulated
peripheral blood was obtained prior to IDLVs injection, 2 weeks post each immunization
and monthly thereafter. Animals in groups B1, B2 and B3 were challenged ten times

weekly by the intrarectal route with 1:100 dilution of SHIV.CH505.375H.dCT1e challenge
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stock. Animals in group A were challenged once intravenously with the same
SHIV.CH505.375H.dCT dose. The virus stock was grown from the infectious molecular
clone in rhesus peripheral blood mononuclear cells (PBMCs) and the stock was titrated

in rhesus macaques to select the appropriate dilution.

SHIV plasma viral RNA measurements were performed at the Immunology Virology
Quality Assessment Center Laboratory Shared Resource, Duke Human Vaccine Institute,

Durham, NC as described.

Direct ELISAs High binding EIA/RIA 384 well plates (Corning) were coated overnight
with 2 ug ml-1 of CH505.T/F gp140 protein in coating buffer (KPL, Gaithersburg, MD).
After 1 wash with washing buffer (1X PBS + 0.1% Tween 20) plates were treated for 1
hour at room temperature with 40 ul per well of blocking buffer (PBS containing 4% [wt/vol]
whey protein—15% normal goat serum—0.5% Tween 20). Serial 3-fold dilutions of plasma
(from 1:3000 to 1:729000) or monoclonal antibodies (from 100 pg mL-1to 0.5 ng mL-1) in
blocking buffer were added to the plates (10 ul per well) in duplicates and incubated for
1.5 hours at room temperature. The Rhesus B12 I1gG (b12R1) was used to develop
standard curves (range 100 to 0.005 ng mL-1, with each dilution assayed in duplicate).
Abs were detected by adding 10 pl per well of horse radish peroxidase (HRP)-conjugated,
polyclonal goat anti-monkey IgG (Rockland,Gilbertsville, PA) diluted in blocking buffer
(1:6000) and by adding 20 ul per well the SureBlue Reserve TMB microwell peroxidase
substrate and stop solution (KPL, Gaithersburg,MD). Binding titers were analyzed as
area-under-curve of the log transformed concentrations (Softmax Pro 7, Molecular

Devices LLC, CA).
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For detection of CH505.w136 SOSIP gpl40 specific antibodies in monkeys’ sera,

PGT151 SOSIP capture ELISAs were performed as describedzo.

Linear epitope mapping microarray. Specificity and magnitude of binding response to
cross-subtype linear epitopes were measured in a peptide microarray assay as previously
describedss with minor modifications. The library contains overlapping peptides (15-mers
overlapping by 12) covering 7 full length gp160 consensus sequences (subtype A, B, C,
D, Group M, CRF1, and CRF2 consensuses), gp120 sequences of 6 vaccine strains (MN,
A244,Th023, TV-1, ZM641, 1086C), and sequential CH505 Env strains as gp120, gp140,
and SOSIP sequences. Microarray scan images were analyzed using MagPix 8.0
software to obtain binding intensity values for all peptides. Magnitude of binding is

calculated as the log2 fold difference, post-/pre-immunization intensity.

HIV Neutralization assays Neutralization of Env-pseudotyped viruses was measured in
96-well culture plates using Tat-regulated firefly luciferase (Luc) reporter gene expression
to quantify reductions in virus infection in TZM-bl cellsss. Serum neutralization was
measured against: SVA-MLV (negative control for non-specific activity in the assay),
CH505.w4.3 (tier 1), CH505.T/F (tier 2), CH505w53.16 (tier 2), CH505w.78 (tier 1b) and
CH505w.100 (tier 2); SHIV CH505.375H (tier 2), CH505TF.gly3.276/GnTl- (tier 2),
CH505TF.gly4/293S-GnTl- (tier 1b) and CH505s.G458Y.N279K/293S-GnTl- (tier 2).
Heat-inactivated (56 °C, 1 hour) serum samples were assayed at threefold dilutions
starting at 1:20. Neutralization titers (50% inhibitory dose (ID50)) are the serum dilutions
at which relative luminescence units (RLU) were reduced by 50% compared to RLU in
virus control wells after subtraction of background RLU in cell control wells. A response

was considered positive if the titer of the post-immunization ID50 was 3 times higher than
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that of the pre-immune ID50 and 3 times greater than the signal against the MLV-

pseudotyped negative control virus.

IFN-y ELISpot assay. Multiscreen ninety-six well plates were coated overnight with 100
pl per well of 5 ug/ml anti-human interferon-y (IFN-y) (B27; Becton, Dickinson and
Company, Franklin Lakes, NJ) in endotoxin-free Dulbecco's-PBS (D-PBS). Plates were
washed three times with D-PBS containing 0.1% Tween-20, blocked for 2 hours with
Roswell Park Memorial Institute 1640 medium (RPMI) containing 10% fetal bovine serum
and incubated with peptide pools and 2 x 105 PBMCs in ftriplicate in 100 ul reaction
volumes. Each peptide pool (1 ug/ml) was comprised of 15 amino acid peptides
overlapping by 11 amino acids. The pools covered the entire HIV-Env and SIV-Gag
proteins. Following 18-hour incubation at 37 °C, plates were washed nine times with
Dulbecco’s PBS containing 0.1% Tween-20 and once with distilled water. Plates were
then incubated with 2 pg/ml biotinylated rabbit anti-human IFN-y (U-CyTech biosciences,
Utrecht, The Netherlands) for 2 hours at room temperature, washed six times with D-PBS
containing 0.1% Tween-20, and incubated for 1.5 hours with a 1:500 dilution of
streptavidin-AP (Southern Biotechnology, Birmingham, AL). After five washes with D-PBS
containing 0.1% Tween-20 and three washes with D-PBS alone, the plates were
developed with bromochloroindolyl phosphate—nitro blue tetra-zolium (BCIP-NBT)
chromogen (Thermo Fisher Scientific), stopped by washing with tap water, air dried, and
read with an ELISpot reader (Cellular Technology Limited (CTL), Cleveland, OH) using
ImmunoSpotAnalyzer software (Cellular Technology Limited (CTL)). Samples were
considered positive if number of spot forming cells (SFC) was above twice that of the

background (unstimulated) and > 50 SFC per million PBMC.
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Vector and SHIV detection in PBMC and LNs. DNA was isolated from PBMC and lymph
nodes cells collected 12 weeks post-challenge using the QIAamp micro kit (Qiagen)
following the manufacturer's instructions and eluted in 50 yL of water. Standard curves
for LV-CH505 DNA were generated using serial dilutions of genomic DNA extracted from
293T cells transduced with an integrase competent lentiviral vector expressing the CH505
T/F gpl140 envelope (293T-LV-CH505). PCR reactions were performed using the primer
sets and conditions shown in supplementary figure 2. All alignments were made using
gene cutter (hiv.lanl.gov) and phylogenetic trees were made with MEGAG37. Neighbor-
joining trees were constructed using the Kimura 2-parameter mode and the reliability of

topologies was estimated by performing bootstrap analysis with 1000 replicates.

Statistical analysis Comparisons between groups were made using exact Wilcoxon
tests because of the small sample size. Comparisons within groups across time points
were made using Wilcoxon signed-ranked tests. An aligned rank test was used to
compare neutralizing antibody titers across time points. Correlations were assessed using
Kendall's Tau correlation test. No adjustment to the alpha level was made for multiple

comparisons. All computations were made using SAS v9.4 (SAS Institute, Inc.).
Figure and Table legends.

Figure 1. Magnitude and durability of antibody responses induced by sequential
IDLV-CH505 Env immunizations. (a) Non-human primate immunization regimen with
sequential IDLV-CH505 Env +/- protein. The dose of IDLV, protein and adjuvant used for
each immunization as well as the challenge and necropsy schedules are indicated. A
group of eleven animals were sequentially immunized with IDLV-GFP as the control arm.

(b) ELISA binding of plasma antibodies to CH505 T/F Env at the peak and six months
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post-each immunization with IDLV-CH505 (group B1 animals) and IDLV-CH505+protein
(group B2 animals). Binding titers measured as concentration in pg/mL starting at a
1:3000 plasma dilution. The dotted gray line indicates the improved durability of antibody
responses at six months post-each IDLV-CH505 immunization. Asterisks indicates that a
statistically significant improvement in the magnitude of Ab responses was detected
between weeks 24 and 97. (c) ELISA binding of plasma antibodies to CH505 T/F Env at
the peak and six months post-each immunization with IDLV-CH505 (group A animals,
safety arm). (d) ELISA binding of plasma antibodies to CH505w.136 SOSIP Env post-
IDLV-CH505w.136 SOSIP immunization. Binding titers measured as Log area under

curve (Log AUC) starting at a 1:30 plasma dilution.

Figure 2. Linear epitope specificities of antibody responses induced by sequential
IDLV-CH505 Env immunizations. gpl120 (a) and gp4l (b) binding plots for serum
samples from macaques immunized with either IDLV-CH505 alone or IDLV-CH505 +
protein at 2 weeks after each immunization. Numbers on the x axis are peptide numbers
in the array library. Different colors of bars represent different strains/clades as indicated
in the keys in the panels (TH023, A244, ZM651, TV-1, 1086C, MN, CH505 for panel a

and AG, AE, D, M, C, B and A consensus for panel b).

Figure 3. Linear epitope binding to CH505 sequences. The heat maps show gp120
and gp41 binding, at week 26 (a) and week 113 (b) post IDLV +/- protein immunization,
to the different CH505 strain sequences used in immunization. Binding intensity is shown
for each peptide, corrected with its own background value. Light grey shaded areas

indicate sequence not present in the array library.
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Table 1. Serum neutralization activity against the clade C tierl virus CH505.w4.3.
Values are the serum dilutions at which relative luminescence units (RLU) were reduced
by 50% compared to RLU in virus control wells after subtraction of background RLU in
cell control wells. A response was considered positive if the post-immunization ID50 was
3 times higher than the pre-immune ID50 and 3 times greater than the signal against the
MLV-pseudotyped negative control virus. No neutralization against other CH505 tier 1
and tier 2 viruses (CH505.T/F (tier 2), CH505w53.16 (tier 1a), CH505w.78 (tier 1b) and

CH505w.100 (tier 2)) was detected.

Figure 4. Magnitude and durability of antibody responses induced by sequential
IDLV, protein and DNA +/- protein immunizations. (a) Non-human primate
immunization regimens with sequential IDLV +/- protein, protein alone and DNA +/-
protein. (b) ELISA binding of plasma antibodies to CH505 T/F Env at the peak and either
six or three months (for DNA +/- protein) post four immunizations with each vaccine
regimen. Binding titers measured as concentration in pg/mL starting at a 1:3000 plasma
dilution. Asterisks indicate that a statistically significant difference was detected. (c)
Serum neutralization activity against the clade C tierl virus CH505.w4.3 post four

immunizations with each vaccine regimen.

Figure 5. SHIV challenge outcomes in IDLV-CH505 +/- protein vaccinated animals
(&) Six weeks after completion of the scheduled vaccinations (week 117) the 16
macaques in the B1 and B2 vaccine groups and the 11 macaques in the B3 control group
were challenged intrarectally with the Clade C tier 2 SHIV.CH505.375H.dCT. The four
animals in group A were challenged once intravenously. The Kaplan-Meier plot shows

the percentage of uninfected macaques after 10 weekly IR challenges in each group. (b)
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Peak viral load of the infected macaques from the vaccine and control groups. Lines are
group means and (p=0.0506, Exact-Wilcoxon test). (c-e) Viral load trends from time to

infection in each group. Each line represents one animal.

Figure 6. Magnitude and specificity of antibody responses in IDLV + protein
vaccinated animals correlate with time to virus acquisition. (a) ELISA binding of
plasma antibodies to CH505 T/F Env at the peak and six months post-each immunization
with IDLV-CH505 + protein (group B2 animals). Each dot represents one animal (b)
Number of challenges to virus acquisition for each animal in groups B1 and B2. (¢) Serum
neutralization activity against the clade C tierl virus CH505.w4.3 at the indicated time
points. (d) Comparison of linear epitope specificities between animals in B1 and B2
vaccine groups (red dots), animals with viral loads above or below 250 copies/mL (blue
dots) and animals that required either less than 6 or more than 6 challenges to become
infected (yellow dots). Significant differences fall above the horizontal line and are listed
in the text box below the figure for each comparison. (e) The peptide range and the aa

position for each epitope are indicated.

Figure 7. Absence of vector mobilization or recombination in IDLV-CH505
vaccinated animals challenged intravenously with SHIV-CH505. (a) Viral load trends
from time of infection in group A animals (IDLV-CH505 alone). Each line represents one
animal. (b) Number of SHIV.CH505.375H.dCT sequences amplified from either PBMC or
lymph nodes samples for each animal. (¢) Neighbor-joining phylogenetic tree including
CH505 env sequences amplified from either PBMC (full circles) or lymph nodes (full

diamonds) from each animal. Each color represents one animal. Bootstrap values = 80
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are shown. Genetic distance is indicated at the bottom of the figure and represents the

number of nucleotide substitutions per site.

Supplementary Figure 1. Linear epitope binding to CH505 sequences in IDLV-
CH505 +/- protein sequentially vaccinated animals. Linear epitope specificities at 2
weeks after each immunization are shown for both IDLV-CH505 alone (a) and IDLV-
CH505 + protein (b) immunized animals. Each color indicates a different time point.

Binding intensity is shown for each peptide, corrected with its own background value.

Supplementary Figure 2. Env and Gag specific T-cell responses induced by IDLV-
CH505 +/- protein and IDLV-GFP immunizations. (a-c) SIV-Gag and (d-e) CH505 Envs
specific T cell responses were measured by IFN-y ELISPOT in both the IDLV-CH505 +/-
protein and IDLV-GFP vaccinated animals. Results are expressed as IFN-y secreting
cells, measured as spot forming cells (SFC) per million PBMC, at different time points
post vaccination. Each line represents one animal. (f) Group mean IFN-y ELISPOT anti-

Env responses over time. Error bars indicate S.E.M.

Supplementary Figure 3. PCR primers and conditions used to detect possible
mobilization and or recombination events between IDLV-CH505 and SHIV-CH505
following intravenous challenge. (a) Alignment of the CH505 sequences encoded by
the IDLV-CH505 vaccines used in this study. Primer sequences are highlighted in blue
for the outer primers and in yellow for the inner primers. (b) PCR primers and conditions
used to detect IDLV-CH505 or SHIV-CH505 sequences. (c) Standard curves for LV-
CH505 DNA were generated using serial dilutions of genomic DNA extracted from 293T
cells transduced with an integrase competent lentiviral vector expressing the CH505 T/F

gpl40 envelope (293T-LV-CH505). Neg = genomic DNA from non-transduced cells.
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Figure 1. Magnitude and durability of antibody responses induced by sequential IDLV-CH505 Env immunizations. (a) Non-human primate immunization regimen with sequential
IDLV-CH505 Env +/- protein. The dose of IDLV, protein and adjuvant used for each immunization as well as the challenge and necropsy schedules are indicated. A group of eleven
animals were sequentially immunized with IDLV-GFP as the control arm. (b) ELISA binding of plasma antibodies to CH505 T/F Env at the peak and six months post-each immunization
with IDLV-CH505 (group B1 animals) and IDLV-CH505+protein (group B2 animals). Binding titers measured as concentration in pg/mL starting at a 1:3000 plasma dilution. Dotted gray
line indicates the improved durability of antibody responses at six months post-each IDLV-CH505 immunization. Asterisks indicates that a statistically significant improvement in the
durability of Ab responses was detected between weeks 24 and 97. (¢) ELISA binding of plasma antibodies to CH505 T/F Env at the peak and six months post-each immunization with

IDLV-CH505 (group A animals, safety arm). (d) ELISA binding of plasma antibodies to CH505w.136 SOSIP Env post-IDLV-CH505w.136 SOSIP immunization. Binding titers measured as
Log area under curve (Log AUC) starting at a 1:30 plasma dilution.
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Figure 2. Linear epitope specificities of antibody responses induced by sequential IDLV-CH505 Env immunizations. gp120 (a) and gp41 (b) binding plots for serum samples from
macaques immunized with either IDLV-CH505 alone or IDLV-CH505 + protein at 2 weeks after each immunization. Numbers on the x axis are peptide numbers in the array library.
Different colors of bars represent different strains/clades as indicated in the keys in the panels (TH023, A244, ZM651, TV-1, 1086C, MN, CH505 for panel a and AG, AE, D, M, C, B and A

consensus for panel b).
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Figure 3. Linear epitope binding to CH505 sequences. The heat
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CH505.w4.3 Clade C Tier 1a neutralization
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Vaccine Group A“I'I’D“a' Week 6 | Week 26 | Week 49 | Week 51 | Week 75 Week 91 | Week 97 Week 101 Week 106|Week 111 Week 113
6597 <20 4083 1502
6599 <20
<
Group B1 2232 <§g (Ll
IDLV-CH505
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orvehag, oo | <
protein 6603 <20 2706 4676 1026 2945 2447 1254 1000-
6598 <20 6444 11059 4721 6691 2041 10,000
6577 | <20
6584 <20 1459 >10,000

Table 1. Serum neutralization activity against the clade C tier1 virus CH505.w4.3. Values are the serum dilutions at which relative
luminescence units (RLU) were reduced by 50% compared to RLU in virus control wells after subtraction of background RLU in cell
control wells. A response was considered positive if the post-immunization ID50 was 3 times higher than the pre-immune ID50 and 3
times greater than the signal against the MLV-pseudotyped negative control virus. No neutralization against other CH505 tier 1 and tier 2
viruses (CH505.T/F (tier 2), CH505w53.16 (tier 1a), CH505w.78 (tier 1b) and CH505w.100 (tier 2)) was detected.
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Supplementary Figure 2. Env and Gag specific T-cell responses induced by IDLV-CH505 +/- protein and IDLV-GFP immunizations. (a-c) SIV-Gag and (d-e) CH505 Envs
specific T cell responses were measured by IFN-y ELISPOT in both the IDLV-CH505 +/- protein and IDLV-GFP vaccinated animals. Results are expressed as IFN-y secreting cells,
measured as spot forming cells (SFC) per million PBMC, at different time points post vaccination. Each line represents one animal. (f) Group mean IFN-y ELISPOT anti-Env
responses over time. Error bars indicate S.E.M.
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CAACGGCATGTGOCTCACCCTGTACTACCGOGTCCCCCTCTOOARGGACGCCAAGACCACCCTGTTCTGCGCCTCCGACG
CARCGGCATGTGGGTGACCGTGTACTACGGOG TGCCCGTOTOGAAGGAGGCCAAGACCACCCTGTTCTGEGCCTCCGACG
CAACGGCATGTGGGTGACCGTGTACTACGGOG TGCCCGTCTOGAAGGAGGCCAAGACCACCCTGTTCTGCGCCTCCGACG
CAACGGCATGTGOGTCACCCTGTAC TACCGCGTCCCCCTCTOGAAGGACGCCAAGACCACCCTGTTCTGCGCCTCCOACG
CGAGAACCH BBBCG TCCCCCTCTCGAAGCACGCCAAGAC CACCCTOTTCTCCCCCTCCAACG

CCAAGGCCTACGAGAAGGAGG TGCACAACG TG TGGGCCACCCACGCCTOCGTGCCCACCGACCCCAACCCCCAGGAGATG
CCAMIGCCTACGAGAAGGAGGTGCACAACG TG TGGGCCACCCACGCCTGCGTGCCCACCGACCCCAACCCCCAGGAGATG
CCAAGGCCTACGAGAAGCAGG TGCACAACC TG TCCCCCACCCACGCCTCCCTCCCCACCGACCCCAACCCCCAGGAGATG
CCAAGGCCTACGAGAAGGAGG TGCACAACG TG TGLGCCACCCACGCCTOCGTGCCCACCGACCCCAACCCCCAGGAGATG
CCAAGGCCTACGAGAAGAAGG TGCACAACG TG TGGGCCACCCACGCCTOCGTGCCCACCGACCCCAACCCCCAGGAGATG

GTCCTCGAACAACGTGACCCAGAACTTCAACATCTCCAAGAACCACATCCTCCACCAGATCCACGAGCGACGTCGATCTCCCT
GTGCTGAAGAACGTGACCGAGAACTTCAACATGTGCAAGAACGACATGCTCGACCAGATGCACGAGGACGTGATCTCCCTY
GTGCTGAAGAACGTGACCGAGAACTTCAACATGTGGAAGAACGACATGGCCGACCAGATGCACGAGGACGTGATCTCCCT
GTGCTGGAGAACGTGACCGAGAACTTCAACATGTGGAAGAACGACATGGCCGACCAGATGCACGAGGACGTGATCTCCCT
GTCCTGAACAACGTGACCCGAGAACTTCAACATCTCCAAGAACCGACATCCTCCACCAGATCCACGAGGACGTGATCTCCCT

GTGGGACCAGTCCCTGAAGCCCTGCGTGAAGC TGACCCCCC TG TGCGTGACCCTGAACTGCACCAACGOCACCGCCTCCA
GTGGGACCAGTCOCTGAAGCCCTGCGTGAAGC TGACCCCCC TG TGCGTGACCCTGAACTGCACCAACGOCAACGCCACCG
GTCCOACCAGTCCCTCAAGCCCTCCGTGAACC TCACCCCOCTOTCCCTCACCCTGAACTCCATCCACGOCAACGCCACCG
GCTGCGCACCACTCOCTCAAGCCCTECETCAACC TCACCCCCC TG TCCCTCACCCTGAACTCCACCCACGOCAACGCCACCG
GTGGGACCAGTCOCTGACCOCCTOCGTGAAGC TGACCCCCCTG TGCGTGACCCTGAACTGCACCGACGOCAACGACACCG

ACecccscnnsnnnnns B crssssee- =« TCCTCCATCATCGACGGCATGAAGAACTGC
CCTCCAACTCCTOCATC ~=ATCCAGGCCATCGAACTCCTCCATCATCCAGCGCCATCGAAGAACTGC
CCTOCAMOELC-mrmem e erccccccccccccccaes ACCGCCTCCAACTCCTCCATCATCGAGGGCATGAAGAACTGC

CCTCCAACACCAACGCCACCGCCTCCAACATCAACGCCACCGCCTCCAAGTCCTCCATCATCOGAGGAGATGAAGAACTGC
CCTCCAACTCCTCCATC ATCAAGGGCATGAACAACTCCATCGTGGGCGAGATGAAGAACTGC

TCCTTCAACATCACCACCGAGCTGOCGCGACAAGCGCGAGAAGAAGAACGCCCTGTTCTACAAGCTGGACATCGTGCAGCT
TOCTTCAACATCACCACCGAGCTGCGCGACAAGCGCGAGAAGAAGAACGCCCTGTTCTACAAGCTGGACATCGTGCAGCT
TOCTTCAACATCACCACCGAGCTGCGCGACAGATCGAGAAGAAGAACGCOCTGTTCTACAAGCTGGACATCGTGCAGCT
TOCTTCAACATCACCACCGAGCTCCGCGACAAGCGCGAGAAGAAGTACCCOCTCTTCTACAAGCTGCACATCGTGCACCT
TOCTTCAACATCACCACCGAGCTGCGCGACAAGCGCGAGAAGAAGAACGCCCTGTTCTACAAGCTGGACATCGTGCAGCT

GGACGGCAACTCCTOCCAGTACCGCCTGATCAACTGCAACACCTCCGTGATCACCCAGGCCTGCCCCAMGGTGTCCTTCG
GGACGGCAACTCCTOCCAGTACCCCCTCGATCAACTCCAACACCTCCCTCGATCACCCACCCCTGCCCCAMGGTGTCCTTCG
GGACGGCAACTCCTOCCAGTACCGCCTGATCAACTCCAACACCTCCCTGATCACCCAGGOCTCCCCCAAGGTETCCTTCG
GGACGGCAACTCCTOCCAGTACCGCCTGATCAACTGCAACACCTCCGTGATCACCCAGGOCTGCCCCAAGGTGTCCTTCG
GGACGGCAACTCCTOCGAGTACCGCCTGATCAACTGCAACACCTCCGTGATCACCCAGGCCTGCCCCAAGGTGTCCTTCG

ACCCCATCCCCATCCACTACTCCGCCCCOGOCCLCTACGCCATCCTCAAGTCCAACAACAAGACCTTCACCGGCACCGLC
ACCCCATCCCCATCCACTACTGCGCCCCOGOCGLCTACGCCATCCTGAAGTGCAACAACAAGACCTTCAACGGCACCGGC
ACCCCATCCCCATCCACTACTGCGCCCCOGOCGGCTACGCCATCCTGAAGTGCAACAACAAGACCTTCAACGGCACCGGC
ACCCCATCCCCATCCACTACTGCGCCCCOGOCCOCTACGCCATCCTGAAGTGCAACAACAAGACCTTCAACGGCACCGGC
ACCCCATCCCCATCCACTACTCCCCCCCOGOCCOCTACGCCATCCTCAAGCTGCAACAACAAGACCTTCAACGGCACCGAC

COCTGCAACAACGTGTCCACCGTGCAGTGCACCCACGGCATCAAGCCCGTGG TG TCCACCCAGCTGCTGC TGAACGGCTC
CCCTGCAACAACGTGTCCACCGTGCAGTOCACCCACGGCATCAAGCCCGTGA TG TCCACCCAGCTGCTGC TGAACGGCTC
COCTGCAACAACCTCTCCACCCTCCACTCCACCCACGCCATCAAGCCOCTCA TG TCCACCCAGCTGCTCC TGAACCGCTC
COCTGCAACAACGTGTCCACCGTGCAGTGCACCCACGGCATCAAGCCCGTGG TG TCCACCCAGCTGCTGE TGARCGGCTC
COCTGCAACAACGTGTCCACCGTGCAGTGCACCCACGOEATCAAGCCOGTGETGTCCACCCAGCTGC TGC TGAACGGCTC

CCTCOCCOAGCCCOCACATCATCATCCOCTCOCACAACATCACCAACAACCTCAAGACCATCATCCTCCACCTCGAACGAGT
COTGLCCGAGGGOGAGATCATCATCCGC TCOGAGAACATCACCGACAACGGCAAGACCATCATOCTGCACCTGAACGAGT
CCTGGCCGAGGGOGAGATCATCATCCGC TCOGAGAACATCACCAACTCCOGCCAAGACCATCATCGTGCACCTGAACGAGT
CCTGGCCGAGGGOGAGATCATCATCCGC TCOGAGAACATCACCGACAACTCCAAGACCATCATCGTGCACCTGAACGAGT
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Primers and PCR conditions for the detection of IDLV and SHIV

Target Primer Sequence (5’-3’) PCR conditions

SIV-IDLV-CH505

Outer CH505_Env5_Ex TGT GGG TGA CCG TGT ACT ACG G 94°C 15s - 59°C 30s - 68°C 1 min
CH505_Env3_Ex AGC GGA TGA TGA TCT CGC CC for 16 cycles

Nested CH505_Env5’_In CAC CCT GTT CTG CGC CTC CG 94°C 15s - 59°C 30s - 68°C 1 min
CH505_Env3’_In GTG GAC ACC ACG GGC TTG ATG for 31 cycles

SHIV-CH505

Outer SIVmac.F4out TCA TAT CTA TAA TAG ACA TGG AGA CAC CC 94°C 15s - 58°C 30s -68°C 4 min for
SHIVEnvR3out CTA ATT CCT GGT CCT GAG GTG TAATCC TG 35 cycles

Nested SIVmac766.F2in GGA AAT CCT CTC TCA ACT ATACCG CCC TC 94°C 15s - 58°C 30s -68°C 4 min for

SIVmac766.R2in

CTATTG CCAATT TGT AACTCATTG TTC

45 cycles

293T-LV-CH505 copy number
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Supplementary Figure 3. PCR primers and conditions used to detect possible mobilization and or recombination events between IDLV-CH505 and SHIV-CH505 following
intravenous challenge. (a) Alignment of the CH505 sequences encoded by the IDLV-CH505 vaccines used in this study. Primer sequences are highlighted in blue for the outer
primers and in yellow for the inner primers. (b) PCR primers and conditions used to detect IDLV-CH505 or SHIV-CH505 sequences. (c) Standard curves for LV-CH505 DNA were
generated using serial dilutions of genomic DNA extracted from 293T cells transduced with an integrase competent lentiviral vector expressing the CH505 T/F gp140 envelope (293T-
LV-CH505). Neg = genomic DNA from non transduced cells.
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