whose germline-encoded receptors bind weakly, or not at all, to native Env.4'81.136 As g
result, immunization with native-like Env antigens generally favors B cells recognizing
more accessible but variable epitopes, leading to antibody responses with limited

neutralization breadth.82120.143

The goal of germline targeting is therefore to selectively activate bnAb precursor
B cells using engineered immunogens capable of binding inferred germline versions of
bnAb receptors with sufficient affinity to trigger B cell receptor (BCR) signaling and clonal
expansion.’®808 Repertoire sequencing studies estimate that precursor B cells capable
of developing into certain bnAb classes occur at extremely low frequencies within the
naive repertoire, approximately one precursor per 10°-10° B cells.®® Effective priming
therefore requires immunogens that preferentially engage the desired germline receptors

over the broader naive B cell population.8384139

Following activation, these precursor B cells enter germinal centers, where
somatic hypermutation and affinity maturation introduce mutations into antibody variable
regions.’0:80.133-135 Selection for improved antigen binding enables BCRs to progressively
acquire the structural features required for recognition of native Env epitopes.*>7%72 |n
many bnAb lineages, this maturation process involves extensive somatic hypermutation

and substantial structural adaptation.5270.80.138

For this reason, germline targeting is typically used as the priming step of a
sequential immunization strategy (Figure 1.4).7180.8%.120 The jnitial immunogen is
designed to activate germline precursor B cells, followed by booster immunogens
presenting progressively more native-like forms of the epitope.’®728%8% Each successive
immunogen imposes additional structural constraints that guide antibody evolution
toward recognition of the native epitope and the development of broad neutralization

activity. 2728520

These principles have directly informed the development of engineered germline-
targeting immunogens, including eOD-GT8 (GT8), which was specifically designed to

engage VRCO01-class precursor B cells targeting the CD4bs 808183139
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Figure 1.4. Conceptual model of germline-targeting vaccine strategies.

An initial vaccine prime activates rare naive B cells with germline BCRs capable of recognizing
the engineered immunogen (“germline-targeting”). Subsequent booster immunizations present
modified immunogens that guide (“shepherd”) evolving B cell clones through germinal center
reactions. A final booster presents a more native-like epitope (“polishing”), promoting further
maturation of the antibody lineage. The lower panels illustrate the expansion and diversification of
B cell populations during this process, with increasing somatic hypermutation occurring across
successive germinal center responses.

1.4.3. The GT8 Germline-Targeting Immunogen

The engineered outer domain germline-targeting immunogen GT8 was
developed to initiate B cell lineages capable of maturing into VRCO01-class bnAbs
targeting the HIV-1 CD4bs 8084139 GT8 is derived from the outer domain of the gp120
Env subunit, which contains the structural elements that form the CD4bs epitope

recognized by VRCO1-class antibodies.”®76-84

VRCO01-class precursor BCRs generally bind weakly, or not at all, to native Env
due to steric barriers surrounding the CD4bs, including the conserved N276 glycan and
nearby variable loops.® 94283 To overcome these barriers, GT8 was engineered to
enhance engagement of germline VRCO01-class receptors while preserving the CD4-

mimetic binding orientation characteristic of mature VRCO1-class antibodies.%:72:83-86.136

14



This was achieved by removing the N276 glycan and introducing mutations
within the CD4bs epitope that strengthen interactions with germline-encoded antibody
residues.8384139 Additional surface mutations were incorporated to improve binding to
IGHV1-2-derived germline antibodies, thereby increasing the ability of the immunogen to

engage rare VRCO1-class precursor B cells within the naive repertoire 8384136

Through these modifications, GT8 selectively presents the structural features of
the CD4bs required for recognition by VRCO01-class germline antibodies while minimizing

steric constraints that normally limit precursor B cell activation.”?:8384.136

1.4.4. Multivalent Nanoparticle Display of Germline-Targeting
Immunogens

Multivalent antigen display on self-assembling nanoparticles increases epitope
density by presenting multiple copies of an antigen in a repetitive array on a single
particle.®'8413° Unlike soluble monomeric antigens, multivalent display enables
simultaneous engagement of multiple BCRs, promoting receptor clustering and

strengthening downstream activation signals.8487.139

This strategy is particularly important for germline-targeting vaccines because
bnAb precursor B cells often exhibit low intrinsic affinity for antigen.*'8183.13% By
presenting multiple copies of the immunogen simultaneously, nanoparticle display
increases the functional avidity of antigen—BCR interactions and improves activation of

rare precursor B cells.8387.139

A commonly used scaffold for HIV-1 immunogen display is lumazine synthase
(lumsyn), a self-assembling protein derived from Aquifex aeolicus that forms a
symmetrical icosahedral nanoparticle.’®# Fusion of GT8 to this scaffold generates the
GT8 60mer (Figure 1.5), which displays a dense and repetitive array of GT8

immunogens on the nanoparticle surface.8'-8413°

In this configuration, the CD4bs is oriented outward to facilitate recognition by
BCRs.?* In addition, engineered glycans mask non-target surfaces of the protein,
focusing immune recognition toward the CD4bs.?8 Together, high-density epitope display
and optimized antigen presentation enhance engagement of VRCO01-class precursor B

cells during early immune activation.8384.87.88.139
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Figure 1.5.  Structural representation of the GT8 60mer nanoparticle
immunogen.

Surface representation of the GT8 60mer nanoparticle immunogen. The lumsyn scaffold is shown

in red, with multiple copies of the GT8 outer domain displayed on the particle surface (dark blue).

The CD4bs are in yellow, and engineered glycans are shown in green. Leggat et al.®

1.5. Clinical Evaluation of Germline-Targeting HIV-1
Vaccines: The IAVI G001, G002, and G003 Trial

The IAVI G001 trial was the first human clinical study to evaluate a germline-
targeting HIV-1 vaccine.?'®° The trial tested GT8 60mer, a lumsyn nanoparticle
displaying an engineered gp120 outer domain designed to activate VRCO01-class
precursor B cells targeting the CD4bs.8%81:8489 \/gccine-induced B cell responses showed
that most vaccinated participants developed detectable VRCO01-class precursors defined
by IGHV1-2 usage and specificity for the engineered CD4bs epitope.?>% These
responses showed limited maturation and did not produce measurable HIV-1
neutralization, consistent with the intended role of GT8 as a priming immunogen rather

than a complete vaccine regimen.8.90.9

G001 provided the first clinical evidence that germline-targeting can activate rare
bnAb precursor B cells in humans.?'# However, it did not address whether these cells
could be advanced through later immunizations toward mature bnAbs.*° This question
was addressed in subsequent IAVI G002 and G003 trials, which evaluated mRNA-LNP
delivery of GT8 60mer as a priming immunogen and, in G002, core-g28v2 60mer as a

first heterologous boost.®
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In G002, GT8 60mer mRNA-LNP induced VRCO01-class IgG B cell responses at
higher frequencies and with greater SHM than reported for G001.%° Heterologous
boosting with core-g28v2 further increased features associated with VRCO01-class
maturation, including SHM, affinity, and neutralization activity against N276-lacking
pseudoviruses.®®! Although antibodies capable of neutralizing wild-type N276-
containing viruses were not detected, a subset of vaccine-induced antibodies showed
improved recognition of antigens bearing the N276 glycan and native-like trimers.%-%
These findings demonstrated that a heterologous boost can move primed VRCO01-class

precursors further along a bnAb developmental pathway.®°

The G003 trial extended this approach to participants in Rwanda and South
Africa, where HIV-1 vaccine development is especially relevant.®* GT8 60mer mRNA-
LNP induced VRCO01-class responses in African participants, supporting the broader
applicability of germline-targeting priming across populations. Together, G001, G002,
and G003 show that germline-targeting immunogens can activate VRCO01-class
precursors in humans and that sequential boosting can promote early maturation.8%-%°
However, the current clinical data also show that additional boosts will likely be required

to generate serum-level bnAbs capable of neutralizing diverse HIV-1 isolates.®
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Chapter 2. Project Background

2.1. Project Background and Rationale

Sequential immunization with GT8 and modified variants may guide antibody
maturation toward recognition of native Env; however, the resulting antibody specificity,

potency, and breadth remain unclear.

To investigate this, the Pantophlet laboratory conducted immunization studies
using human-antibody transgenic TRIANNI mice to model human antibody responses to

germline-targeting immunogens.

2.1.1. TRIANNI Mouse Model

The TRIANNI Mouse is a human immunoglobulin transgenic mouse model
originally developed by TRIANNI, Inc.'#4145 The platform was engineered by replacing
endogenous murine immunoglobulin variable-region sequences with partially human
immunoglobulin loci containing human variable-region coding sequences within mouse-
derived noncoding and regulatory sequences.'** For the heavy-chain locus, this includes
human V, D, and J coding sequences, while the light-chain loci contain human V and J
coding sequences.'** The murine immunoglobulin constant-region genes are retained,
resulting in antibodies containing human-derived variable regions paired with murine

constant regions.'#*

The TRIANNI platform has been described as containing 44 human VH genes
associated with Dy and Ju segments, 39 human Vk genes associated with Jk segments,
and 38 human VA genes associated with JA segments.'#® Because these variable-region
gene segments are present in an unarranged configuration, antibody diversity is
generated through V(D)J recombination during B-cell development.'#4146¢ TRIANNI-
derived antibodies have also been shown to acquire somatic hypermutations,
demonstrating that the introduced human variable-region repertoire can undergo

antigen-driven diversification in vivo.'¢

This genetic organization allows a human immunoglobulin variable-region

repertoire to undergo B-cell development and maturation within an intact mouse immune
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system. The TRIANNI platform has been reported to maintain normal B-cell
development and robust antigen-specific antibody responses, with antibody responses
increasing following antigen boosting, consistent with functional affinity maturation.#°
Importantly, the TRIANNI Mouse does not constitute a fully human immune system.
Although the immunoglobulin variable-region repertoire is human, the regulatory context,
immunoglobulin constant regions, and broader immune environment remain
murine.'#4145 Consequently, antibody variable regions recovered following immunization
represent human immunoglobulin sequences that have undergone recombination,
somatic mutation, and selection within a murine immunological environment.'#+146 The
model therefore provides an in vivo system for investigating the recruitment and
maturation of human immunoglobulin variable-region sequences while retaining the

physiological context of an intact mouse immune system.

2.2. TRN VRCO01-Hp2 pilotA Immunization Study

2.2.1. Immunization Schedule and Sample Collection

In the first immunization trial, designated TRN VRCO01-Hp2 pilotA, mice were
immunized twice with GT8-lumsyn under regimen 1 (R1). The study included a treatment
group (n = 4) and a control group (n = 3). Vaccines were administered subcutaneously at
the base of the tail to facilitate recovery of cells from the inguinal lymph nodes and

spleens.

Treatment mice received GT8-lumsyn formulated with GLA-SE on days 0 and 21.
Control mice received GLA-SE formulated in endotoxin-free Tris-buffered saline (TBS)
on the same schedule. Blood samples were collected on days -7, 0, 7, and 35. Mice
were euthanized on day 35, and inguinal lymph nodes and spleens were harvested for

downstream analysis.

2.2.2. Serum Antigen Binding and Neutralization Activity

Serum collected on day 35 from mice in the TRN VRCO01-Hp2 pilotA study was
evaluated for antigen binding by Enzyme-Linked Immunosorbent Assay (ELISA) using
Ni-NTA-captured GT8 (Figure 2.1A). Serum from immunized mice showed strong

binding to GT8 across serum dilutions, whereas serum from control mice showed
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minimal binding. These results indicate that GT8-lumsyn immunization elicited antigen-
specific antibody responses, while adjuvant alone did not generate detectable binding

activity.

To assess functional activity, sera were evaluated in pseudovirus neutralization
assays against HIV-1-45 wild type (WT) and HIV-1-45 K278T (Figure 2.1B-C). HIV-1-45
was selected as it is thought to be the strain that originally triggered the development of
VRCO1-class bnAbs, and it naturally lacks the N276 glycan. This makes HIV-1-45 useful
for detecting early VRCO01-class neutralizing activity that may not yet tolerate the glycan
barrier at position 276. To directly assess the effect of this glycan, a mutant HIV-1-45
K278T pseudovirus was included, which introduces the N276 glycan motif. Comparing
neutralization of HIV-1-45 WT and HIV-1-45 K278T therefore allowed us to determine
whether serum activity was sensitive to the presence of the N276 glycan. Vesicular

stomatitis virus Indiana serotype (VSV-IND) was included as a non-HIV-1 control virus.

Sera from immunized mice showed modest neutralization of HIV-1-45 WT,
reaching approximately 30% neutralization at the highest serum concentration tested
(Figure 2.1B), whereas control sera showed negligible neutralization. Neither group
neutralized HIV-1-45 K278T (Figure 2.1C), and no neutralization was observed against
VSV-IND.

Together, these results show that GT8-lumsyn immunization elicited HIV-1-
specific antibodies that showed modest neutralization activity against an HIV-1 variant
lacking the N276 glycan, but not against an HIV-1 variant containing the glycan. These
findings suggest that the antibody response remained sensitive to glycan-dependent

steric barriers associated with the native CD4bs environment.
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Figure 2.1. ELISA binding and pseudovirus neutralization of sera from the TRN
VRCO01-Hp2 pilotA immunization study.
(A) ELISA measuring binding of day 35 serum from treatment (GT8 + GLA-SE) and control (GLA-
SE only) TRIANNI mice to GT8 captured by Ni-NTA. OD405 nm values are plotted across serum
dilutions. (B) Pseudovirus neutralization assay against HIV-1-45 WT lacking the N276 glycan.
Neutralization (%) is plotted across serum dilutions for treatment and control sera. (C)
Pseudovirus neutralization assay against HIV-1-45 K278T containing the N276 glycan.
Neutralization (%) is plotted across serum dilutions for treatment and control sera.

2.3. TRN-rHIV G2 Immunization Study

2.3.1. Background and Rationale

To determine whether antibody responses could be guided toward recognition of
Env variants containing the N276 glycan, modified versions of GT8-lumsyn were
generated. These variants were designed to introduce sequence features associated

with viruses capable of initiating VRCO01-class antibody responses.

The first variant, designated eOD-GT8-NIK-lumsyn (NIK), altered residues
corresponding to gp120 positions 276—-278 to Asn-lle-Lys, mimicking the sequence
present in the viral strain proposed to have initiated the VRCO01 lineage. The second
variant, designated eOD-GT8-NVT-lumsyn (NVT), altered residues corresponding to
gp120 positions 276-279 to Asn-Val-Thr-Val, creating an N-linked glycosylation motif at
position 276.
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2.3.2. Immunization Schedule and Sample Collection

A second immunization study, designated TRN-rHIV G2, was performed using
human-antibody transgenic TRIANNI mice. The study included two treatment groups (n
= 4 per group) and one unimmunized control group (n = 3). Mice in the treatment groups
received 15 ug of vaccine subcutaneously at the base of the tail on day 0, followed by a

15 ug booster on day 21. Blood samples were collected on days 0, 7, and 35.

The first treatment group received GT8-lumsyn as the prime immunization
followed by NVT-lumsyn as the booster under regimen 2 (R2). The second treatment
group received NIK-lumsyn for the prime and NVT-lumsyn for the booster under regimen

3 (R3). All vaccines were formulated with GLA-SE adjuvant.

On day 35, mice in the treatment groups were euthanized and inguinal lymph
nodes and spleens were harvested for downstream analysis. Unimmunized control mice
were euthanized on day 1, and the same tissues were collected to assess baseline
levels of memory B cells recognizing the modified immunogens. All samples were stored

in liquid nitrogen (-160 °C) until further processing.

2.3.3. Serum Binding and Neutralization Results

Antibody responses in TRN-rHIV G2 mice were first evaluated for antigen binding
by ELISA using Ni-NTA-captured NIK and NVT antigens (Figure 2.2A-B). Sera from
both immunization groups showed strong binding to NIK and NVT across serum

dilutions, whereas sera from unimmunized control mice showed minimal binding.

Binding to the corresponding knockout antigens, eOD-GT8-NIK-KO (NIK-KO)
and eOD-GT8-NVT-KO (NVT-KO), was negligible across all groups (Figure 2.2C-D),

indicating that the elicited antibodies were specific for the engineered GT8 antigens.

Neutralization activity was next evaluated using pseudovirus neutralization
assays (Figure 2.2E—F). Neutralization was assessed against HIV-1-45 WT, which lacks
the N276 glycan, and HIV-1-45 K278T, which contains the N276 glycan.

Sera from both immunization groups showed modest neutralization of the wild-

type virus, whereas sera from unimmunized control mice showed negligible activity
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(Figure 2.2E). Modest neutralization was also observed against the glycan-containing
K278T mutant in both immunization groups, while control sera showed no measurable
neutralization (Figure 2.2F).

Together, these results indicate that sequential immunization with modified GT8
immunogens resulted in modest serum neutralization activity against HIV-1 variants both

lacking and containing the N276 glycan.
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Figure 2.2. Antigen binding and pseudovirus neutralization of sera from the
TRN-rHIV G2 immunization study.

(A-D) ELISA measuring binding of sera from unimmunized control mice and immunized mice to

NIK, NVT, and their corresponding knockout variants captured by Ni-NTA. OD405 values are

plotted across serum dilutions. Antigen binding was assessed using NIK (A), NVT (B), NIK-KO

(C), and NVT-KO (D).

(E-F) Pseudovirus neutralization assays measuring serum neutralization activity against HIV-1-

45 WT lacking the N276 glycan (E) and HIV-1-45 K278T containing the N276 glycan (F).

Neutralization (%) is plotted across serum dilutions for unimmunized control mice and the two

immunization groups (GT8/NVT and NIK/NVT).

An in-depth analysis of the antibodies responsible for these serum responses is
required to understand the mechanisms underlying these findings. Identifying and
characterizing the antibodies elicited in these immunization studies will help determine
whether sequential immunization with modified GT8 immunogens can guide antibody

maturation toward recognition of Env variants containing the N276 glycan. Such
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analyses may also provide insight into the types of antibodies generated by these

immunization strategies and inform future immunogen design.

2.4. Research Aims

This study focuses on the cloning and characterization of monoclonal antibodies
(mAbs) recovered from antigen-specific memory B cells following the TRN-VRCO01 pilot
A and TRN-rHIV G2 immunization studies. The variable regions of the recovered mAbs
were sequenced and analyzed to identify immunoglobulin gene usage, CDR
characteristics, and other sequence features relevant to recognition of the HIV-1 CD4bs.
These features were considered in relation to those associated with VRCO01-class bnAbs
and other CD4bs-directed antibodies.

The recovered mAbs were evaluated for antigen-binding specificity, KD, and
neutralization activity to characterize their functional properties. Binding to GT8, NVT,
and eOD-GT8-KO (KO) antigens was assessed to identify binding patterns consistent
with recognition of features associated with the targeted CD4bs region and tolerance of
the introduced N276 glycan. Antibody responses were also compared across

immunization regimens to assess the effects of the modified immunogens.

Finally, this work examined whether the recovered antibody population contained
responses with sequence and functional properties distinct from those typically
associated with VRCO01-class antibodies. Previous studies have shown that GT8
immunization can elicit both VRCO01-class precursor responses and non-VRCO01-class
antibodies directed toward the CD4bs.%® Characterizing the diversity of antibodies
recovered in this study may therefore help define the range of CD4bs-directed
responses generated by these GT8-based immunogens. These findings may inform the
design of future immunization strategies intended to improve CD4bs targeting, promote
accommodation of the N276 glycan, and support progression toward broader HIV-1

recognition.
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Chapter 3. Materials and Methods

3.1. Biotinylation and Fluorophore Conjugation of GT8
Antigens

Purified Avi-tagged GT8 and KO antigens were biotinylated using a commercial
avidity-based biotinylation kit according to the manufacturer’s instructions with minor
modifications. Prior to biotinylation, proteins were buffer exchanged into 50 mM Bicine
buffer (pH 8.3) using 10 kDa molecular weight cut-off centrifugal filters. Buffer exchange
was performed by repeated centrifugation at 4000 rpm for 20 minutes at 20 °C until the

residual protein volume was reduced to less than 75 pL.

Biotinylation reactions contained Biomix A, Biomix B, BirA biotin ligase,
molecular-grade water, and Avi-tagged antigen. Final protein concentrations were
adjusted to 40 uM in reaction volumes not exceeding 1 mL. Reactions were incubated at
30 °C for 2 hours. Following biotinylation, proteins were buffer exchanged into PBS
using 10 kDa molecular weight cut-off filters to remove excess free biotin. Final protein
concentrations were approximately 1.2 ug/uL, and biotinylated antigens were stored at 4

°C until use.

Biotinylated GT8 antigen was conjugated to Alexa Fluor 647—conjugated
streptavidin, whereas biotinylated KO antigen was conjugated to PE-Dazzle 594—
conjugated streptavidin. Streptavidin conjugates were added incrementally at one-fifth of
the total molar amount of biotinylated protein per addition until a final streptavidin-to-
protein molar ratio of 1:3 was achieved. Samples were incubated for 15 minutes at 4 °C

in the dark following each addition.

After completion of conjugation, a 10-fold molar excess of sterile biotin relative to
total streptavidin was added to block unoccupied streptavidin binding sites. Samples
were incubated for an additional 10 minutes at 4 °C in the dark and stored protected

from light at 4 °C until use.

Biotinylation efficiency was evaluated by capture ELISA using Galanthus nivalis
lectin-coated half-area 96-well plates. Biotinylated antigens were serially diluted and

detected using alkaline phosphatase—conjugated streptavidin. Following substrate
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development with 4-nitrophenyl phosphate, absorbance was measured at 405 nm using
a SpectraMAX ABS Plus plate reader. Data were analyzed using Microsoft Excel and

GraphPad Prism version 10.2.1.

3.2. Flow Cytometric Isolation of Antigen-Specific Memory
B Cells

Single-cell suspensions were prepared from spleen and lymph node samples
collected from immunized mice. Cryopreserved samples were thawed at 37 °C and
resuspended in flow staining buffer consisting of Hank’s Balanced Salt Solution
supplemented with 1% penicillin—streptomycin and 5 mM EDTA. Cells were washed

twice by centrifugation at 13,200 rpm for 5 minutes at 21 °C.

Cell viability was assessed using Zombie Aqua BV510 (BioLegend), with viable
cells defined as BV510-negative. To reduce non-specific staining, Fc receptor-mediated
binding was blocked using TruStain FcX PLUS Mouse CD16/CD32 blocking antibody
and TrueStain Monocyte Blocker (BioLegend). Cells were sequentially stained with
viability dye, Fc receptor blocking reagents, and antibody panels. All staining steps were
performed for 30 minutes at room temperature in the dark, with washes carried out using

flow staining buffer supplemented with 2% fetal bovine serum.

Non-B cell populations were excluded using APC Cyanine 7—conjugated
antibodies against CD3, Ly6G, CD11c, NK1.1, F4/80, and TER119, which identify T
cells, monocytes, dendritic cells, natural killer cells, macrophages, and erythroid cells,
respectively. B cells were identified as B220* using B220 PerCP Cyanine 5.5
(BioLegend). Within the B cell population, CD38 expression was assessed using CD38
PE Cyanine 7 (eBioscience) to support the identification of memory-associated B cell
populations. IgD Alexa Fluor 700 or Alexa Fluor 488 and CD138 Alexa Fluor 647 were

used to identify naive B cells and plasma cells, respectively.

Antigen-specific B cells were identified using biotinylated GT8 probes complexed
with fluorophore-conjugated streptavidin. GT8 complexed with streptavidin—Alexa Fluor
647 was used to detect GT8-binding cells, whereas KO complexed with streptavidin—PE
Dazzle 594 was used to identify knockout-reactive populations. Fluorescence minus one

controls were included for all markers to establish gating boundaries and distinguish
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positive signal from background fluorescence. Compensation controls were prepared
using single-stained compensation beads, including ArC amine-reactive beads

(Invitrogen) for BV510 and CompBeads (BD Biosciences) for all remaining fluorophores.

Antigen-specific memory B cells were single-cell sorted using a FACSAria Fusion
(BD Biosciences) into NEBNext lysis buffer (New England Biolabs) supplemented with
murine RNase inhibitor and RNasin Plus RNase inhibitor. A total of 624 GT8*/KO~
memory B cells were isolated. Samples were maintained on ice throughout processing,
after which post-sort plates were snap frozen on dry ice and stored at —80 °C until

further analysis.

3.3. Amplification and Sequencing of Immunoglobulin
Genes from Single-Sorted B Cells

cDNA synthesis was performed from single-cell sorted B cells using the NEBNext
Single Cell cDNA Synthesis Kit (New England Biolabs) according to the manufacturer’s
instructions. To minimize contamination and RNA degradation, all work surfaces and
instruments were decontaminated with ethanol, DNA Off, and RNase Away before and
after use. Reactions were prepared in DNA LoBind tubes and maintained on ice

throughout setup.

cDNA synthesis was completed in three sequential steps consisting of primer
annealing, reverse transcription, and cDNA amplification. Primer annealing was
performed in a 10 pL reaction at 70 °C for 5 minutes followed by cooling to 4 °C.
Reverse transcription was subsequently carried out in a 20 pL reaction at 42 °C for 90
minutes, followed by enzyme inactivation at 72 °C for 10 minutes. Amplification of cDNA
was then performed in a 100 uL reaction with an initial denaturation step at 98 °C for 45
seconds, followed by annealing at 62 °C for 15 seconds and extension at 72 °C for 5

minutes. Amplified cDNA samples were stored at =80 °C until further processing.

Amplified cDNA was purified using the QlAquick PCR and Gel Cleanup Kit
(QIAGEN) according to the manufacturer’s instructions. Samples were mixed with
binding buffer prior to loading onto spin columns, followed by centrifugation at 13,200

rpm for 1 minute. Columns were subsequently washed using PE buffer containing
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ethanol, and purified DNA was eluted in elution buffer. Purified cDNA samples were

stored at —80 °C until use.

3.4. Nested PCR Amplification of Inmunoglobulin Variable
Heavy and Light Chains

Nested PCR was performed to amplify immunoglobulin variable heavy- and
kappa light-chain genes from purified single-cell cDNA. First- and second-round PCR
reactions were carried out using Phusion Hot Start || polymerase or Hot Start Taq
polymerase in the presence of GC buffer, ANTPs, and gene-specific primers. Annealing
temperatures and extension times were optimized to reduce nonspecific amplification
and accommodate enzyme-specific reaction conditions. PCR products were stored at 4

°C until further analysis.

Amplified products were resolved on 1.5% agarose gels prepared in Tris—
acetate—EDTA (TAE) buffer containing GelRed. Electrophoresis was performed at 90 V
for 90 minutes. Bands corresponding to approximately 500 bp for heavy-chain products
and 400 bp for light-chain products were excised and stored at —20 °C prior to

purification.

DNA fragments were purified from agarose gels using the MinElute Agarose Gel
Extraction Kit (QIAGEN) according to the manufacturer’s instructions. Excised gel
fragments were dissolved in Buffer QG at 50 °C with intermittent mixing, followed by
addition of isopropanol and purification using MinElute columns under vacuum. Columns
were washed sequentially with Buffer QG and Buffer PE, and purified DNA was eluted in

25 uL Buffer EB. Purified PCR products were stored at 4 °C until sequencing.

Purified PCR products were prepared using gene-specific primers and submitted
for Sanger sequencing. For PCR products yielding poor-quality sequencing results, DNA
was either further purified by sodium acetate and ethanol precipitation or cloned using

the pCR4-TOPO TA cloning vector prior to repeat sequencing.

For sodium acetate and ethanol precipitation, DNA samples were incubated
overnight at =20 °C in the presence of sodium acetate and ethanol. DNA was
subsequently pelleted by centrifugation, washed with 75% ethanol, air dried, and
resuspended in 10 mM Tris-HCI (pH 8.0).
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For TOPO TA cloning, purified PCR products were cloned into the pCR4-TOPO
vector according to the manufacturer’s instructions. Cloning reactions were transformed
into chemically competent NEB stable Escherichia coli cells, followed by recovery and
plating on selective LB agar. Individual colonies were picked and cultured overnight, and
plasmid DNA was isolated by miniprep. Purified plasmids containing the cloned PCR

products were subsequently submitted for sequencing.

Sequence analysis was performed using Geneious Biologics software, and
immunoglobulin gene usage and mutation frequencies were determined using the
ImMMunoGeneTics (IMGT) database.

3.5. Cloning and Sequence Verification of Antibody
Variable Regions

Antibody variable heavy- and light-chain constructs were generated using either
manual PCR amplification followed by Gibson Assembly or automated DNA synthesis

and Gibson Assembly using the BioXp system (Telesis Bio).

For manually generated constructs, antibody variable heavy- and light-chain
regions were amplified by PCR using primers containing vector overlap sequences
compatible with Gibson Assembly cloning. PCR reactions contained template DNA,
gene-specific primers for VH, VK, or VA sequences, dNTPs, Phusion DNA polymerase,

GC buffer, and molecular-grade water.

Amplified products were resolved on 1% agarose gels prepared in TAE buffer
containing GelRed. Electrophoresis was performed at 90 V for 90 minutes, and DNA
fragments corresponding to the expected sizes (~500 bp for heavy chain and ~400 bp
for light chain) were excised. DNA was subsequently purified using the QIAEX || DNA
Extraction and Recovery Kit (QIAGEN) according to the manufacturer’s instructions.
Excised gel slices were dissolved in Buffer QX1, bound to QIAEX Il matrix, washed
sequentially with Buffer QX1 and Buffer PE, and eluted in Buffer EB. Purified DNA

concentrations were measured prior to cloning.

Purified PCR fragments were assembled into the appropriate expression vectors

using Gibson Assembly Master Mix according to the manufacturer’s recommendations.
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Assembly reactions were prepared on ice using purified DNA fragments and incubated
at 50 °C for 1 hour.

For a subset of antibody constructs, the desired VH, VK, or VA sequences were
submitted for automated synthesis and cloning using the BioXp system. The BioXp
system synthesized the specified DNA sequences and performed Gibson Assembly into

the appropriate expression vectors.

Completed assembly reactions generated either manually or using the BioXp
system were transformed into chemically competent NEB stable Escherichia coli cells.
Following heat shock and recovery, transformed cells were plated onto selective LB agar
plates and incubated overnight at 37 °C. Individual colonies were subsequently
inoculated into SB medium supplemented with glucose and the appropriate antibiotic.
Zeocin was used for VH constructs, whereas blasticidin was used for Vk and VA

constructs. Cultures grew overnight at 37 °C with shaking prior to plasmid isolation.

Plasmid DNA was isolated using the QlAprep Spin Miniprep Kit (QIAGEN)
according to the manufacturer’s protocol with minor modifications. Bacterial pellets were
resuspended in Buffer P1 containing RNase A, lysed using Buffer P2, and neutralized
with Buffer N3. Clarified lysates were applied to QlAprep spin columns mounted on a
QlAvac24 vacuum manifold, followed by sequential washes with Buffer PB and Buffer
PE. Plasmid DNA was eluted using preheated nuclease-free water, and DNA
concentration and purity were measured using a NanoVue spectrophotometer. Purified

plasmid DNA was stored at 4 °C until sequencing.

Sequence verification of cloned antibody constructs was performed by Sanger
sequencing using the pFUSE Seq2 primer. Plasmid DNA samples were prepared with

sequencing primer and molecular-grade water prior to submission for sequencing.

For plasmid samples yielding poor sequencing quality, DNA was further purified
by sodium acetate and ethanol precipitation. DNA samples were incubated overnight at
—-20 °C in the presence of sodium acetate and ethanol, pelleted by centrifugation,
washed with 75% ethanol, air dried, and resuspended in 10 mM Tris-HCI (pH 8.0) prior

to repeat sequencing.
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3.6. Recombinant Antibody and Antigen Expression

Gibson-assembled plasmids containing antibody variable region constructs were
transformed into chemically competent Escherichia coli cells for large-scale plasmid
preparation. Following heat shock transformation and recovery in NEB Outgrowth
Medium, transformed cells were plated onto selective LB agar plates and incubated
overnight at 37 °C. Individual colonies were expanded in SB medium supplemented with
glucose and the appropriate antibiotic selection marker, with zeocin used for VH

constructs and blasticidin used for Vk and VA constructs.

Plasmid DNA was isolated using a QIAGEN Midiprep protocol based on alkaline
lysis and resin-based purification. Bacterial cultures were pelleted by centrifugation,
resuspended in Midiprep Resuspension Solution containing RNase A, and lysed using
P2 Lysis Buffer. Following neutralization and clarification, lysates were combined with
DNA Purification Resin and applied to Midicolumns using vacuum suction. Columns
were washed with ethanol-containing wash buffer, and plasmid DNA was eluted in EB
buffer. DNA concentration and purity were determined using a NanoVue

spectrophotometer, and purified plasmid DNA was stored at —20 °C until transfection.

Transient transfections were subsequently performed in HEK293T, HEK293S, or
Expi293F cells for recombinant antibody and antigen expression. HEK293T adherent
cells were transfected using FUGENE 4K reagent, with 24 ug plasmid DNA used per
T175 flask. Cells were incubated at 37 °C for 3.5 days prior to supernatant collection.
Clarified supernatants were supplemented with sodium azide to a final concentration of
0.05% and stored at 4 °C.

HEK293S suspension cells were transfected using ExpiFectamine 293 reagent
with 25 pg plasmid DNA per 125 mL shaker flask. Cultures were maintained at 37 °C for
6 days, after which supernatants were collected, clarified by centrifugation, and filtered
through 0.22 pm filters. Sodium azide was added to a final concentration of 0.05%, and

samples were stored at 4 °C.

Expi293F suspension cells were used for expression of GT8-lumsyn, KO-lumsyn,
and NVT-lumsyn antigens. Cells were transfected using ExpiFectamine 293 reagent with
200 pg plasmid DNA per 500 mL shaker flask. Cultures were incubated at 37 °C for 6

days before supernatants were harvested on day 7, clarified by centrifugation, and
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filtered through 0.22 pm filters. Sodium azide was added to a final concentration of

0.05%, and samples were stored at 4 °C until purification.

Recombinant antibody expression was evaluated by indirect ELISA using plates
coated with goat anti-human IgG Fc antibody. Antibody-containing supernatants were
added in 2-fold serial dilutions and detected using alkaline phosphatase-conjugated goat
anti-human IgG F(ab’), secondary antibody. Following substrate development with 4-
nitrophenyl phosphate, absorbance was measured at 405 nm to assess relative antibody

expression levels.

Antibody-containing supernatants collected from HEK293T and HEK293S
expression cultures were concentrated using centrifugal filter units with a 100 kDa
molecular weight cutoff (Millipore). Samples were centrifuged at 4,000 rpm for 45
minutes at 15 °C, and concentration steps were repeated as necessary to achieve the

desired volume.

IgG antibodies were purified using the NAb Spin Protein A Plus Kit (Thermo
Fisher Scientific) according to the manufacturer’s instructions. Antibody-containing
supernatants were applied to Protein A agarose spin columns equilibrated in PBS and
incubated with end-over-end mixing to facilitate IgG binding. Columns were washed to
remove unbound material, and bound antibodies were eluted under acidic conditions
and immediately neutralized with Tris-HCI. Eluted fractions were pooled and stored at 4

°C until further processing.

Purified antibodies were subsequently buffer exchanged into PBS using 10 kDa
molecular weight cutoff centrifugal filters (Millipore). Samples were washed repeatedly
with PBS by centrifugation at 16,000 rpm for 7 minutes, after which buffer-exchanged

antibodies were recovered and transferred to microcentrifuge tubes for storage.

Antibody concentrations were determined using the Rapid Gold BCA Protein
Assay Kit (Pierce) in 96-well half-area plates. Native human IgG was used to generate
standard curves, and absorbance was measured at 480 nm following incubation with
BCA working reagent. Protein concentrations were calculated by comparison to the

standard curve.
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Chapter 4. Results

4.1. Gating Strategy for Isolation of GT8-Specific B Cells

Flow cytometry was used to identify GT8-specific B cells from splenic samples
collected from mice in the TRN-VRCO01 pilotA and TRN-rHIV G2 immunization studies. A
sequential gating strategy was applied to isolate viable B cells and exclude non-B cell

populations before selecting antigen-specific memory B cells. (Figure 4.1)

Figure 4.1. Sequential gating strategy for isolation of GT8-specific memory B
cells.

(A—G) Representative flow cytometry plots showing the sequential gating strategy used to identify

GT8-binding memory B cells from splenic samples. (A) Initial gate used to select the main cell

population based on forward- and side-scatter properties and exclude debris. (B) Live-cell gate

used to exclude Zombie Aqua-positive dead cells. (C) Dump-negative gate used to exclude non-B

cell populations identified by CD3, Ly6G, CD11c, NK1.1, F4/80, and TER119 staining. (D) B220-
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positive gate used to identify B cells. (E) CD38-positive gate used to select CD38-positive B cells.
(F) IlgD-dim gate used to isolate memory B cells. (G) GT8 and KO binding were assessed
simultaneously within the IgD-dim memory B-cell population, with GT8 shown on the x-axis and
KO on the y-axis. The lower-right GT8*/KO~ population represents the intended antigen-specific
population selected for single-cell sorting. Percentages shown within each quadrant indicate the
frequency of each antigen-binding population.

Cells were first gated based on forward- and side-scatter properties to select the
main cell population and exclude debris. Viable cells were then selected by exclusion of
Zombie Aqua-positive cells. Non-B cell populations were excluded using a dump
channel containing antibodies against CD3, Ly6G, CD11c, NK1.1, F4/80, and TER119.
B cells were identified as B220-positive cells, followed by selection of CD38-positive
cells. The B-cell population was further refined by gating on IgD-dim cells to enrich for

memory B cells.

The KO probe was used as a negative-control antigen to distinguish CD4bs-
dependent binding from recognition of other regions of GT8. Compared with the parental
GT8 immunogen, the KO contains the CD4bs-disrupting substitutions D368R and
D276K and was used as a negative-control probe for VRCO01-class/CD4bs-directed
recognition. The KO reagent used in this study was validated by Octet using mature
VRCO01 and germline-reverted VRCO01. Within the IgD-dim population, GT8 and KO
binding were assessed simultaneously on a bivariate plot. Cells that were GT8-positive
and KO-negative were identified in the GT8*/KO™ quadrant and selected as the antigen-
specific population of interest. This GT8*/KO~ population was used for single-cell sorting,

antibody sequence recovery, and subsequent cloning.

4.2. Representative Flow Cytometry Plots of GT8-Specific
Memory B Cell Sorts

Representative flow cytometry plots are shown for selected mice from the TRN-
VRCO01 pilotA and TRN-rHIV G2 immunization studies (Figure 4.2). These plots show
GT8 binding on the x-axis and KO binding on the y-axis after prior gating on viable
memory B cells. The GT8*/KO~ population in the lower-right quadrant represents the

antigen-specific memory B cell population selected for single-cell sorting.
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Representative flow cytometry plots of GT8-specific memory B cell
sorts.

(A—C) Representative antigen-binding plots shown after prior gating on viable memory B cells.
GT8 binding is shown on the x-axis and KO binding on the y-axis. The lower-right GT8*/KO"~
population represents the intended antigen-specific population selected for single-cell sorting. (A)
Mouse 8868, TRN-VRCO01 pilotA. (B) Mouse 10292, TRN-rHIV G2 GT8/NVT. (C) Mouse 10278,
TRN-rHIV G2 NIK/NVT. (D) FMO control. Percentages shown within each quadrant indicate the
frequency of each antigen-binding population.

Figure 4.2.

Mouse 8868 was selected as a representative mouse from the TRN-VRCO01
pilotA study and showed a GT8*/KO~ memory B cell population representing 3.90% of
gated memory B cells. Mouse 10292 was selected as a representative mouse from the
TRN-rHIV G2 GT8/NVT group and showed a GT8*/KO~ memory B cell population
representing 6.78% of gated memory B cells. Mouse 10278 was selected as a
representative mouse from the TRN-rHIV G2 NIK/NVT group and showed a GT8*/KO~
memory B cell population representing 1.15% of gated memory B cells. Across the mice,
GT8*/KO™ memory B cell frequencies ranged from 0.68% to 6.78%. An FMO control was
included as a negative staining control to provide a reference for background events
within the GT8*/KO™ quadrant and showed a frequency of 0.019%. The GT8+/KO-
frequencies observed in the immunized mice were above the background frequency

observed in the FMO control.

Additional mice were sorted within each immunization group. In total, 2 mice
were sorted from the TRN-VRCO1 pilotA study, 4 mice from the TRN-rHIV G2 GT8/NVT
group, and 4 mice from the TRN-rHIV G2 NIK/NVT group. This resulted in 192 single
cells sorted from TRN-VRCO01 pilotA, 192 single cells from TRN-rHIV G2 GT8/NVT, and
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240 single cells from TRN-rHIV G2 NIK/NVT for downstream antibody sequence

recovery and cloning.

4.3. Antibody Recovery and Experimental Dataset Overview

Following isolation of antigen-specific (GT8*/KO~) memory B cells, paired heavy-
and light-chain sequences were recovered and advanced for recombinant mAb
production. To define the datasets used in subsequent analyses and account for
antibody recovery and testing at each stage, the progression from single-cell sorting
through paired-sequence recovery, recombinant mAb production, ELISA, BLI, and
neutralization testing was summarized across the three immunization regimens (Table
4.1).
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Table 4.1. Progression of antigen-specific memory B cells through antibody
recovery and functional characterization

R1, nIN R2, n/IN R3,n/N  Total, n/N

Workflow stage (%) (%) (%) (%)
Single-cell sorting and recombinant mAb recovery
Antigen-specific (GT8*/KO~) memory B cells sorted 192 192 240 624

Unique paired VH/VA sequences recovered 41192 241192 53/240 124/624
(24.5%) (12.5%) (22.1%) (19.9%)
44/47 22124 41/53 107/124

Paired sequences yielding purified recombinant mAbs (93.6%) (91.7%) (77.4%) (86.3%)

ELISA characterization

44/44 22/22 41/41 107/107

mAbs tested for GT8 binding (100.0%) = (100.0%) | (100.0%) = (100.0%)

| s | 1812 | 3841 98107
GT8 ELISA binders (955%) | (81.8%) | (927%) = (91.6%)
aas 22 4UM 107107

mAbs tested for NVT binding (100.0%) = (100.0%) | (100.0%) = (100.0%)

42/44 18/22 37/41 97107

NVT ELISA binders (955%)  (818%) | (90.2%)  (90.7%)
» 444 222 441 1071107

mAbs tested for KO binding (100.0%) = (100.0%) = (100.0%) = (100.0%)

<O ELISA binders M4 1722 3541 93M07

(93.2%) (77.3%) (85.4%) (86.9%)
GT8 BLI characterization

27/44 7122 22/41 56/107

mAbs meeting the GT8 BLI prioritization cutoff (61.4%) (31.8%) | (53.7%) (52.3%)

. 24127 517 13/22 42/56
Cutoff-positive mAbs tested by GT8 BLI (88.9%) | (71.4%) (59.1%) | (75.0%)
3/27 207 9/22 14/56

Cutoff-positive mAbs awaiting GT8 BLI testing (11.1%) (28.6%) | (40.9%) (25.0%)

, 14/24 4/5 713 25/42
GT8 BLI binders among tested mAbs (583%)  (80.0%) (53.8%) (59.5%)
Neutralization characterization

20/44 6/22 16/41 421107

mAbs tested by single-point neutralization (45.5%) (27.3%) (39.0%) (39.3%)
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R1, n/N R2, n/N R3,n/N  Total, n/N

Workflow stage (%) (%) (%) (%)

9/20 3/6 8/16 20/42

mAbs meeting the threshold for follow-up testing (45.0%) (50.0%) (50.0%) (47.6%)

1/9 13 0/8 2120

Follow-up candidates tested by serial dilution (11.1%)  (33.3%) (0.0%) (10.0%)

8/9 213 8/8 18/20

Follow-up candidates awaiting serial-dilution testing (88.9%) (66.7%) | (100.0%)  (90.0%)

Values are presented as n/N (%), where the denominator represents the relevant preceding stage of the experimental
workflow. Percentages were calculated separately within each immunization regimen and across the complete dataset.
All unique paired VH/VA sequences provided for recombinant antibody production were advanced for cloning. Because
unsuccessful antibodies could not be assigned consistently to failure during cloning, expression, or purification these
stages were combined and reported as the number of paired sequences that were successfully produced and purified
as recombinant mAbs. ELISA binder frequencies were calculated among mAbs tested against the indicated antigen.
The frequency of mAbs meeting the GT8 BLI prioritization cutoff was calculated among GT8 ELISA-tested mAbs,
whereas GT8 BLI binding frequency was calculated only among mAbs that completed BLI testing. Neutralization
follow-up frequencies were calculated among mAbs tested in the single-point screen.

Across the three regimens, 624 antigen-specific memory B cells were sorted
from which 124 unique paired VH/v\ sequences were recovered. A total of 107
recombinant mAbs were successfully expressed, purified, and tested against GT8, NVT,
and KO by ELISA. Fifty-six mAbs met the GT8 BLI prioritization cutoff; 42 had completed
GT8 BLI testing, while 14 remained to be tested. Single-point neutralization screening
was completed for 42 mAbs, of which 20 met the threshold for serial-dilution follow-up.
At the time of analysis, two of these candidates had completed serial-dilution testing and

18 remained to be evaluated.

4.4. ELISA Screening of Cloned mAbs for Antigen Binding

To characterize the antigen-binding profiles of cloned mAbs, antibodies from
each immunization regimen were screened by ELISA against lumsyn nanoparticle forms
of GT8, NVT, and KO.

Binding-positive mAbs were defined using a cutoff calculated as the mean blank
signal plus three standard deviations. To be classified as a binder, each mAb was
required to have at least two consecutive dilution points above this cutoff. Binding

magnitude was quantified by area under the curve (AUC).
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4.4.1. Frequency of GT8, NVT, and KO Binding Across Immunization

Regimens
A Binding Frequency to GT8 B Binding Frequency to NVT C Binding Frequency to KO
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Figure 4.3. ELISA binding frequency to GT8, NVT, and KO across immunization
regimens.

(A—C) Binding frequencies of cloned mAbs against (A) GT8, (B) NVT, and (C) KO are shown for
each immunization regimen. Bars represent the percentage of mAbs classified as binders or non-
binders within each regimen. Pink indicates binding-positive mAbs, and blue indicates non-
binding mAbs. Numbers within each stacked segment indicate the corresponding mAb counts,
and n above each bar indicates the total number of mAbs tested. The y-axis shows the
percentage of mAbs, and the x-axis shows the immunization regimen. R1 indicates GT8 prime
followed by GT8 boost, R2 indicates GT8 prime followed by NVT boost, and R3 indicates NIK
prime followed by NVT boost. Binding-positive mAbs were defined as having signals above the
mean blank plus three standard deviations at two or more consecutive dilution points.

Binding-positive mAbs were identified against GT8, NVT, and KO in all three
immunization regimens (Figure 4.3A—C). For GT8, 42 of 44 R1 mAbs (95.5%), 18 of 22
R2 mAbs (81.8%), and 38 of 41 R3 mAbs (92.7%) were classified as binders. Similar
frequencies were observed for NVT, with 42 of 44 R1 mAbs (95.5%), 18 of 22 R2 mAbs
(81.8%), and 37 of 41 R3 mAbs (90.2%) classified as binders. KO binder frequencies
were also high across regimens, with 41 of 44 R1 mAbs (93.2%), 17 of 22 R2 mAbs
(77.3%), and 35 of 41 R3 mAbs (85.4%) classified as binders. Binder frequencies did not

differ significantly among immunization regimens for any of the three antigens.

When all immunization regimens were combined, 98 of 107 mAbs (91.6%) bound
GT8, 97 of 107 mAbs (90.7%) bound NVT, and 93 of 107 mAbs (86.9%) bound KO.
Because the same mAbs were tested against GT8, NVT, and KO, antigen-specific
binder frequencies were compared using matched analyses. KO showed the lowest
observed binder frequency, but this difference was not statistically significant. Antigen-

specific binder frequencies also did not differ significantly within R1, R2, or R3. Thus,
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GT8, NVT, and KO binder frequencies were not statistically distinct within the cloned

mAb panel.

4.4.2. Comparison of ELISA AUC Values Across Immunization
Regimens

ELISA AUC values were compared among mAbs classified as binders to each
antigen to determine whether binding magnitude differed across immunization regimens
(Figure 4.4).

ELISA Binding Magnitude Across Immunization Regimens
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Figure 4.4. ELISA binding magnitude across immunization regimens and
antigens
GT8, NVT, and KO ELISA binding magnitudes are shown for cloned mAbs from each
immunization regimen. Binding magnitude was quantified as AUC. Each dot represents one mAb,
and black horizontal lines indicate median AUC values. mAbs are grouped by antigen, with
dashed vertical lines separating GT8, NVT, and KO analyses. Within each antigen group, mAbs
are shown by immunization regimen: blue indicates R1, purple indicates R2, and magenta
indicates R3. The x-axis shows immunization regimen, and the y-axis shows ELISA binding
magnitude as AUC. R1 indicates GT8 prime followed by GT8 boost, R2 indicates GT8 prime
followed by NVT boost, and R3 indicates NIK prime followed by NVT boost.

For GT8, the analysis included 42 R1 mAbs, 18 R2 mAbs, and 38 R3 mAbs.
Median GT8 AUC values were 9.71 in R1, 4.71 in R2, and 8.03 in R3. The maximum
GT8 AUC was 42.62 in R1, 71.38 in R2, and 64.91 in R3. R2 contained the highest
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individual GT8 AUC value, whereas five R3 mAbs had AUC values above the maximum

observed in R1.

For NVT, the analysis included 42 R1 mAbs, 18 R2 mAbs, and 37 R3 mAbs.
Median NVT AUC values were 11.77 in R1, 5.11 in R2, and 14.07 in R3. The maximum
NVT AUC was 48.08 in R1, 70.15 in R2, and 81.24 in R3. Four R3 mAbs had AUC
values above the maximum observed in R1, and one R3 mAb had an AUC value above

the maximum observed in R2.

For KO, the analysis included 41 R1 mAbs, 17 R2 mAbs, and 35 R3 mAbs.
Median KO AUC values were 11.61 in R1, 6.41 in R2, and 17.79 in R3. The maximum
KO AUC was 59.58 in R1, 76.44 in R2, and 98.29 in R3. Two R3 mAbs had KO AUC
values above the maximum observed in R1, and two had values above the maximum

observed in R2.

For all three antigens, neither the overall comparisons among regimens nor the

Holm-corrected pairwise comparisons reached statistical significance.

When regimens were combined, AUC distributions were also compared among
all GT8-, NVT-, and KO-binding mAbs. This analysis included 98 GT8-binding mAbs, 97
NVT-binding mAbs, and 93 KO-binding mAbs. Median AUC values were 7.23 for GT8,
9.63 for NVT, and 11.61 for KO. Although median AUC increased descriptively from GT8
to NVT to KO, the overall distributions did not differ significantly among antigens
(Kruskal-Wallis test, p = 0.2300), and pairwise comparisons also showed no significant

differences.

A matched analysis was then performed to determine whether mAbs that bound
all three antigens differed in binding magnitude to GT8, NVT, and KO within each
regimen. Because this analysis required matched AUC values for all three antigens, it
was restricted to mAbs classified as binders to GT8, NVT, and KO. This included 41 R1
mAbs, 17 R2 mAbs, and 34 R3 mAbs.

Among the 41 R1 mAbs that bound all three antigens, median AUC values were
10.22 for GT8, 11.84 for NVT, and 11.61 for KO. AUC values differed significantly
among the three antigens (Friedman test, p = 0.0002). Paired Wilcoxon signed-rank
tests with Holm correction showed higher NVT than GT8 AUC values (p < 0.0001),
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higher KO than GT8 AUC values (p = 0.0024), and higher KO than NVT AUC values (p
= 0.0452).

Among the 17 R2 mAbs that bound all three antigens, median AUC values were
5.00 for GT8, 5.35 for NVT, and 6.41 for KO. AUC values differed significantly among
antigens (Friedman test, p = 0.0042). After Holm correction, KO AUC values were
significantly higher than NVT AUC values (p = 0.0386), whereas GT8 versus NVT and

GT8 versus KO comparisons were not significant.

Among the 34 R3 mAbs that bound all three antigens, median AUC values were
15.46 for GT8, 15.85 for NVT, and 18.22 for KO. AUC values differed significantly
among antigens (Friedman test, p = 0.0005). Paired comparisons with Holm correction
showed higher NVT than GT8 AUC values (p = 0.0077), higher KO than GT8 AUC
values (p = 0.0010), and higher KO than NVT AUC values (p = 0.0056). Regimen
differences were also examined within the subset of mAbs that bound all three antigens;

however, no significant differences were detected.

Overall, GT8, NVT, and KO ELISA AUC distributions did not differ significantly
among immunization regimens, either within antigen-specific binder populations or within
the matched subset of mAbs that bound all three antigens. When regimens were
combined, binder-only AUC distributions also did not differ significantly among antigens,
although median AUC values increased descriptively from GT8 to NVT to KO. However,
matched comparisons within each regimen showed antigen-dependent differences in
binding magnitude among mAbs that bound all three antigens. In R1 and R3, NVT and
KO AUC values were significantly higher than GT8 AUC values, and paired KO AUC
values were also significantly higher than NVT AUC values. In R2, the only significant
paired comparison was higher KO than NVT AUC. These results indicate that antigen-
dependent differences were detected within matched mAbs, but the pattern was not

identical across all regimens.

4.4.3. Frequency of High-AUC Binders Across Immunization
Regimens

To assess whether the immunization regimens differed in the frequency of mAbs
with upper-range binding, binding-positive mAbs were classified using antigen-specific

75th percentile ELISA AUC cutoffs calculated across all regimens. The resulting high-
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AUC cutoffs were 20.18 for GT8, 23.96 for NVT, and 30.04 for KO. mAbs with AUC
values at or above the corresponding antigen-specific cutoff were classified as high-AUC
binders. (Figure 4.5A-C)

A High-AUC Frequency to GT8 B High-AUC Frequency to NVT C High-AUC Frequency to KO
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Figure 4.5. Frequency of high-AUC binders across immunization regimens.
The frequency of high-AUC mAbs is shown for (A) GT8, (B) NVT, and (C) KO binders across
immunization regimens. High-AUC mAbs were defined using antigen-specific 75th percentile
ELISA AUC cutoffs: 20.18 for GT8, 23.96 for NVT, and 30.04 for KO. Bars show the percentage
of antigen-binding mAbs in each regimen, with the total number of binders indicated above each
bar and counts shown within each stacked segment. Green indicates high-AUC mAbs, and
orange indicates non-high-AUC mAbs. R1 indicates GT8 prime followed by GT8 boost, R2
indicates GT8 prime followed by NVT boost, and R3 indicates NIK prime followed by NVT boost.
The x-axis shows immunization regimen, and the y-axis shows the percentage of mAbs.

For GT8, 11 of 42 R1 binders (26.2%), 4 of 18 R2 binders (22.2%), and 10 of 38
R3 binders (26.3%) were classified as high-AUC binders (Figure 4.5A). The frequency of
GT8 high-AUC binders did not differ significantly among regimens (Fisher-Freeman-
Halton exact test, p = 1.0000), and pairwise comparison also showed no significant

differences.

For NVT, 11 of 42 R1 binders (26.2%), 3 of 18 R2 binders (16.7%), and 11 of 37
R3 binders (29.7%) were classified as high-AUC binders (Figure 4.5B). NVT high-AUC
binder frequency did not differ significantly among regimens (Fisher-Freeman-Halton

exact test, p = 0.5939), and pairwise comparisons showed no significant differences.

For KO, 10 of 41 R1 binders (24.4%), 2 of 17 R2 binders (11.8%), and 13 of 35
R3 binders (37.1%) were classified as high-AUC binders (Figure 4.5C). Although R3 had
the highest observed frequency of KO high-AUC binders and R2 had the lowest, the
overall difference among regimens was not statistically significant (Fisher-Freeman-
Halton exact test, p = 0.1512). Pairwise comparisons with Holm correction also showed

no significant differences.
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When all regimens were combined, 25 of 98 GT8 binders (25.5%), 25 of 97 NVT
binders (25.8%), and 25 of 93 KO binders (26.9%) met the corresponding high-AUC
cutoff. These similar proportions were expected because each cutoff was defined using
the antigen-specific 75th percentile. The proportion for KO was slightly greater than 25%
because multiple mAbs had AUC values equal to the cutoff.

High-AUC classifications were also compared within the subset of 92 mAbs that
bound all three antigens. Within this matched subset, 25 mAbs were classified as high-
AUC for GT8, 25 for NVT, and 25 for KO. High-AUC frequency did not differ significantly
among antigens by exact Cochran’s Q test (p = 1.0000), and pairwise exact McNemar
tests with Holm correction also showed no significant differences. When this matched
high-AUC analysis was performed within each regimen, no significant antigen-level
differences were detected. High-AUC frequencies within the matched subset also did not

differ significantly among the regimens.

Overall, ELISA screening identified high frequencies of GT8, NVT, and KO
binding mAbs across all three immunization regimens. R1 showed the highest observed
binder frequency for each antigen, whereas R2 showed the lowest observed binder
frequency and the lowest median AUC values across antigens. However, binder
frequency, ELISA AUC distribution, and high-AUC binder frequency did not differ
significantly among regimens for GT8, NVT, or KO. R3 showed the highest median AUC
values for NVT and KO and the highest observed frequency of KO high-AUC binders,
but these differences did not reach statistical significance. When mAbs that bound all
three antigens were analyzed in a matched format, antigen-dependent differences in
AUC were detected within regimens, indicating that binding magnitude varied among
GT8, NVT, and KO for the same mAbs. However, high-AUC classification was not

significantly different among antigens or regimens.

4.5. BLI Analysis of mAb Binding and Affinity

4.5.1. Selection and Prioritization of mAbs for BLI Testing

To assess whether ELISA-positive mAbs bound soluble monomeric antigen,
selected antibodies from each immunization regimen were analyzed by BLI against GT8

and KO. Apparent KD values were determined for mAbs with measurable binding
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responses. Human IgG mAbs were captured on anti-human Fc biosensors, and antigen
binding was measured during the association and dissociation steps. NVT was not
included in the current BLI analysis because expression issues prevented sufficient
antigen from being available during the testing period. BLI analysis of NVT binding

remains to be completed pending resolution of antigen expression and purification.

Following ELISA screening, an initial set of mAbs was selected for BLI testing
across a range of ELISA responses. This included strong ELISA binders, weak ELISA
binders with signals near the ELISA positivity cutoff, and several mAbs that did not meet
the ELISA binding cutoff. This initial testing was used to determine which ELISA signal

range should be prioritized for additional BLI analysis.

Raw GT8 ELISA OD values for this initial set were then reviewed after blank
subtraction. In this dataset, no mAbs with a blank-corrected OD value below 0.4 at the
highest antibody concentration showed measurable binding by BLI. Some mAbs with
values at or above 0.4 showed measurable BLI binding, although not all mAbs above
this value bound by BLI. Therefore, a blank-corrected OD value of 20.4 at the highest
antibody concentration was used as a prioritization cutoff for additional BLI testing (Table
4.2).

Table 4.2. Selection and prioritization of mAbs for BLI analysis.
. Below cutoff
o TotalmAbs Grap g MBLL roteqpy Metcutoff - Didnot =t testedin
Regimen  screened by ositive testing BLI but not meet BLI initial BLI
ELISA P cutoff tested cutoff
cohort
1 44 42 27 32 3 17 8
2 22 18 7 9 2 15 4
3 41 38 22 20 9 19 7
Total 107 98 56 61 14 51 19

Summary of the number of mAbs screened by ELISA, classified as GT8 ELISA-positive, meeting the BLI testing cutoff,
and tested by BLI for each immunization regimen and across all regimens. The table also includes mAbs that met the
cutoff but were not tested, mAbs below the cutoff, and below-cutoff mAbs tested in the initial BLI cohort.

Across all regimens, 98 of 107 mAbs screened by ELISA were classified as GT8
ELISA-positive (91.6%) (Table 4.2). Of these, 56 mAbs met the BLI testing cutoff,
corresponding to 52.3% of all screened mAbs and 57.1% of GT8 ELISA-positive mAbs.
R1 had the largest number of mAbs meeting the BLI testing cutoff, with 27 of 44 total
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mADbs (61.4%) and 27 of 42 GT8 ELISA-positive mAbs (64.3%). Regimen 3 had 22 of 41
total mAbs (53.7%) and 22 of 38 GT8 ELISA-positive mAbs (57.9%) meeting the cutoff.
Regimen 2 had the lowest number and proportion of mAbs meeting the cutoff, with 7 of
22 total mAbs (31.8%) and 7 of 18 GT8 ELISA-positive mAbs (38.9%).

A total of 61 mAbs were tested by BLI across all regimens. This included 42
mAbs that met the BLI testing cutoff and 19 below-cutoff mAbs that were included in the
initial BLI testing cohort. R1 contributed the largest number of BLI-tested mAbs, with 32
mAbs tested, followed by R3 with 20 mAbs and R2 with 9 mAbs. In addition, 14 mAbs
met the BLI testing cutoff but were not included in the current BLI dataset because
antibody expression and purification yielded insufficient material for BLI analysis. This
included 3 mAbs from R1, 2 from R2, and 9 from R3. These mAbs are currently being
re-expressed and purified for BLI testing at a later date. Overall, these data show that
most cloned mAbs were GT8 ELISA-positive, but only a subset reached the blank-

corrected OD threshold used to prioritize mAbs for BLI testing.

4.5.2. Classification of BLI Binding and Determination of KD

BLI binding outcomes were assigned from the processed sensorgrams before
considering KD values. In BLI, binding of analyte to the biosensor surface produces a
real-time wavelength shift, with response reported in nm; therefore, the sensorgram
response was used as the primary evidence of binding.®?°* mAbs were classified as GT8
BLI binders when the sensorgrams showed a measurable positive response above
baseline, a binding-shaped association phase during antigen exposure, and a
concentration-dependent increase in response across the antigen titration, as shown by
the representative GT8-binding sensorgram (Figure 4.6A). Responses were not
classified as binding when the signal remained close to baseline, when curves
overlapped across antigen concentrations, when the response was scattered or
dominated by drift, or when only a single concentration showed an isolated signal. The
representative example includes a GT8-binding mAb tested against KO that showed no
measurable concentration-dependent KO binding (Figure 4.6B) and a mAb classified as

having no measurable GT8 binding (Figure 4.6C).
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Figure 4.6 Representative BLI sensorgrams for GT8 and KO binding
classification.
(A) Representative mAb classified as a GT8 BLI binder. The sensorgram shows measurable,
concentration-dependent binding to GT8, with higher antigen concentrations producing larger
responses during the association phase. (B) The same GT8-binding mAb tested against KO. The
KO sensorgram does not show measurable concentration-dependent binding, despite low-level
signal variation across the run. (C) Representative mAb classified as a GT8 BLI non-binder. The
sensorgram shows minimal response and no consistent concentration-dependent GT8 binding
pattern. In all panels, coloured traces indicate antigen concentrations: grey, 1000 nM; teal, 500
nM; blue, 250 nM; brown, 125 nM; pink, 62.5 nM; orange, 31.3 nM; and dark blue, 15.6 nM. Red
dashed vertical lines indicate the start of association and dissociation phases. Smooth red lines
indicate fitted response curves. Response is shown in nm over time in seconds.

KD values were treated as quantitative affinity measurements derived from
steady-state fitting, rather than as the criterion used to define binding. This distinction
was necessary because binding signal and reliable affinity fitting are not equivalent; BLI
can detect binding responses even when the curves do not support reliable KD
determination. 9% Because many antibodies produced low-to-moderate responses that
were not suitable for full kinetic analysis, KD values were determined by steady-state
analysis using group global fitting. °>°* Fits were manually inspected, and KD values
were reported only when the concentration-dependent steady-state response supported
a reliable fit. mAbs that showed measurable concentration-dependent binding but did not
yield an acceptable fit were retained as BLI binders, with KD recorded as not determined
(ND). mAbs that lacked a measurable binding response or did not show concentration-
dependent binding were classified as having no measurable binding/no dose response

under the conditions tested.

Subsequent analysis of GT8 BLI binding was restricted to mAbs that both met
the BLI testing cutoff and were included in the current BLI dataset. This included 42

mAbs across all regimens: 24 from R1, 5 from R2, and 13 from R3. The below-cutoff
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mADbs tested in the initial BLI cohort were excluded from the GT8 binding frequency and

KD analyses.

4.5.3. GT8 BLI Binding Frequency, Affinity, and Low-KD Binder
Frequency Across Immunization Regimens

Among the 42 mAbs that met the BLI testing cutoff and were tested against GT8,
25 showed measurable BLI binding and 17 were classified as having no measurable
binding/no dose response, corresponding to an overall binding frequency of 59.5%
(Figure 4.7A).

A BLI GT8 Binder Frequency B Binding Affinities of C Frequency of Low-KD
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Figure 4.7.  GT8 BLI binding frequency, KD distribution, and low-KD binder
frequency across immunization regimens.
R1 indicates GT8 prime/GT8 boost, R2 indicates GT8 prime/NVT boost, and R3 indicates NIK
prime/NVT boost. (A) Frequency of GT8 BLI binding among mAbs that met the BLI testing cutoff
and were tested by BLI in each immunization regimen. Stacked bars show the number of mAbs
classified as BLI binders and non-binders. Blue indicates BLI binders, and red indicates non-
binders. Numbers inside the bars indicate mAb counts, and n above each bar indicates the total
number of mAbs that met the BLI testing cutoff and were tested by BLI in that regimen. (B) KD
values for GT8 BLI-positive mAbs for which reliable fits were obtained. Each dot represents one
mADb, and black horizontal lines indicate the median KD for each regimen. The y-axis is shown on
a log scale. Dashed vertical lines separate immunization regimens. Blue dots indicate R1, purple
dots indicate R2, and pink dots indicate R3. (C) Frequency of low-KD GT8 BLI binders among
mAbs with determined KD values. Low-KD binders were defined using the 25th percentile KD
cutoff calculated across all GT8 BLI binders with determined KD values. The cutoff was 9.625
nM. Purple indicates low-KD binders, and green indicates higher-KD binders. Stacked bars show
the number of low-KD binders and higher-KD binders in each regimen. Numbers inside the bars
indicate mAb counts, and n above each bar indicates the total number of GT8 BLI binders with
determined KD values in that regimen.

B3 Non-binder == Binder R1:GT8&GT8 ® R2:GT8&NVT @ R3:NIK & NVT

BLI-confirmed GT8 binders were identified in all three immunization regimens. In
R1, 14 of 24 mAbs showed measurable binding (58.3%), whereas 10 of 24 showed no
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measurable binding. In R2, 4 of 5 mAbs showed measurable binding (80.0%) and 1 of 5
showed no measurable binding. In R3, 7 of 13 mAbs showed measurable binding
(53.8%), whereas 6 of 13 showed no measurable binding. Although R2 showed the
highest proportion of GT8 BLI binders, the overall difference in binder frequency across
regimens was not statistically significant by chi-square analysis (p = 0.5891). Pairwise

comparisons also did not show significant differences.

KD values were then examined for mAbs classified as GT8 BLI binders. Of the
25 GT8 BLI binders identified across all regimens, KD values were determined for 20
mAbs, whereas 5 were recorded as ND because the binding curves could not be fit
reliably. In R1, 13 of 14 GT8 BLI binders yielded KD values and 1 was recorded as ND.
In Regimen 2, KD values were determined for all 4 GT8 BLI binders. In R3, KD values

were determined for 3 of 7 GT8 BLI binders, whereas 4 were recorded as ND.

Among GT8 BLI-positive mAbs for which KD could be determined, values ranged
from 1.8 to 110 nM, with a median of 27 nM (Figure 4.7B). R1 showed the broadest
range of KD values, spanning 2.6 nM to 110 nM, with a median KD of 11 nM. R2
showed KD values ranging from 23 nM to 44 nM, with a median KD of 37 nM. R3
showed KD values ranging from 1.8 nM to 69 nM, with a median KD of 60 nM. The
lowest KD value was observed in R3, whereas the highest KD value was observed in
R1. Despite these observed differences, KD distributions did not differ significantly
across regimens by Kruskal-Wallis analysis (p = 0.5266). Dunn’s multiple comparisons

also did not show significant differences.

To assess whether any regimen produced a greater number of low-KD GT8
binders, mAbs with determined KD values were classified using the 25th percentile KD
cutoff calculated across all regimens. The cutoff was 9.625 nM, with low-KD binders
defined as mAbs with KD values < 9.625 nM (Figure 4.7C). R1 contained 4 low-KD
binders and 9 higher-KD binders, R2 contained 0 low-KD binders and 4 higher-KD
binders, and R3 contained 1 low-KD binder and 2 higher-KD binders. Although R1
contained the largest number of low-KD binders, the overall difference between
regimens was not statistically significant (chi-square, p = 0.4327). Pairwise comparisons

also did not show significant differences.
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4.5.4. BLI Binding to KO

BLI testing was also performed against KO to determine whether GT8 BLI
binders retained binding when the GT8 epitope was disrupted. The same 42 cutoff-
positive mAbs tested against GT8 were tested against KO, including 24 from R1, 5 from
R2, and 13 from R3. No mAbs showed measurable binding to KO by BLI; therefore, all
42 KO-tested mAbs were classified as having no measurable binding/no dose response
to KO under the conditions tested. This included all 25 GT8 BLI binders, none of which
showed measurable binding to KO. Representative sensorgrams show concentration-
dependent binding to GT8 and absence of measurable binding to KO for a GT8-binding
mAb (Figure 4.6B). Thus, although KO binding was detected by ELISA, this binding was

not observed when antibodies were tested against soluble monomeric KO by BLI.

4.5.5. Relationship Between GT8 ELISA Binding and BLI Outcome

To determine whether GT8 ELISA binding magnitude was associated with BLI-
confirmed GT8 binding, GT8 ELISA AUC was compared between BLI binders and mAbs
with no measurable binding among the 42 mAbs that met the BLI testing cutoff and were
tested against GT8. Across all regimens, GT8 BLI binders had a median GT8 ELISA
AUC of 19.45, with values ranging from 1.119 to 71.38, whereas mAbs with no
measurable binding had a median AUC of 14.91, with values ranging from 4.409 to
44 10 (Figure 4.8A). Although the median AUC was higher among GT8 BLI binders, this
difference was not statistically significant by Mann-Whitney test (U = 220.0, p = 0.8576).
These data indicate that GT8 ELISA AUC did not predict measurable binding to GT8 by
BLI.
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Figure 4.8. Relationship between GT8 ELISA AUC and GT8 BLI binding
outcome.

(A) GT8 ELISA AUC values are shown for GT8 BLI binders and mAbs with no measurable GT8
binding among mAbs that met the BLI testing cutoff and were tested against GT8. Each dot
represents one mAb. Green dots indicate GT8 BLI binders, red dots indicate mAbs with no
measurable GT8 binding, and black horizontal lines indicate median AUC values. (B) GT8 BLI
binding frequency is shown among high-AUC and non-high-AUC mAbs. High-AUC mAbs were
defined as having GT8 ELISA AUC values = 20.18, whereas non-high-AUC mAbs had GT8
ELISA AUC values < 20.18. Pink indicates GT8 BLI binders, and purple indicates mAbs with no
measurable GT8 binding. Numbers inside bars indicate mAb counts, and n above each bar
indicates the total number of mAbs in each GT8 ELISA AUC group. (C) Correlation between GT8
ELISA AUC and KD among GT8 BLI binders with determined KD values. Each magenta dot
represents one mAb. The y-axis shows KD in nM on a log scale.

Regimen-level comparisons were also not significant. In R1, GT8 BLI binders
had a median AUC of 19.89 compared with 13.10 for mAbs with no measurable binding,
but this difference was not statistically significant (U = 87.0, p = 0.3339). In R2, GT8 BLI
binders had a median AUC of 16.73, whereas the single mAb with no measurable
binding had an AUC of 7.40; this comparison was interpreted cautiously because the no
measurable binding group contained only one mAb. In R3, GT8 BLI binders had a
median AUC of 19.36 compared with 20.36 for mAbs with no measurable binding, and
this difference was not statistically significant (U = 17.0, p = 0.6282). Overall, GT8 ELISA
AUC was not significantly associated with GT8 BLI binding outcome across the pooled

dataset or within individual regimens.

Among the 42 GT8-tested mAbs that met the BLI testing cutoff, high-AUC status
was used to assess whether stronger ELISA binding was associated with BLI-confirmed
GT8 binding. High-AUC mAbs were defined as those with GT8 ELISA AUC values 2
20.18, corresponding to the 75th percentile cutoff defined in Section 4.3, whereas non-
high-AUC mAbs had GT8 ELISA AUC values < 20.18. Among high-AUC mAbs, 12 of 17
showed measurable GT8 binding by BLI (70.6%), whereas 5 of 17 showed no
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measurable GT8 binding (Figure 4.8B). Among non-high-AUC mAbs, 13 of 25 showed
measurable GT8 binding by BLI (52.0%), whereas 12 of 25 showed no measurable GT8
binding. Although BLI binding was more frequent among high-AUC mAbs, this difference

was not statistically significant (Fisher’s exact test, p = 0.3387).

Within individual regimens, high-AUC status was also not significantly associated
with GT8 BLI binding outcome. In R1, 7 of 9 high-AUC mAbs showed measurable GT8
binding by BLI (77.8%), compared with 7 of 15 non-high-AUC mAbs (46.7%; Fisher’s
exact test, p = 0.2099). In R2, 2 of 2 high-AUC mAbs (100.0%) and 2 of 3 non-high-AUC
mAbs showed measurable GT8 binding by BLI (66.7%; p = 1.0000). In R3, 3 of 6 high-
AUC mAbs showed measurable GT8 binding by BLI (50.0%), compared with 4 of 7 non-
high-AUC mAbs (57.1%; p = 1.0000). These regimen-level comparisons should be

interpreted cautiously because the number of mAbs in each subgroup was small.

BLI binding frequency among high-AUC mAbs was also compared across
regimens. Among high-AUC mAbs, measurable GT8 binding was observed for 7 of 9
mADbs in R1 (77.8%), 2 of 2 mAbs in R2 (100.0%), and 3 of 6 mAbs in R3 (50.0%). This
difference was not statistically significant (Fisher-Freeman-Halton exact test, p =

0.3368), and pairwise comparisons also showed no significant differences.

To determine whether GT8 ELISA binding magnitude was associated with KD,
GT8 ELISA AUC was compared with KD among GT8 BLI binders with determined KD
values. This analysis included 20 mAbs across all regimens. GT8 ELISA AUC was not
significantly correlated with KD by Spearman correlation analysis (r = -0.2545, p =
0.2788; Figure 4.8C). Although the negative correlation coefficient suggested that higher
AUC values tended to correspond to lower KD values, this relationship did not reach

statistical significance.

This relationship was also assessed within each regimen. In R1, GT8 ELISA
AUC showed a moderate negative correlation with KD, although this did not reach
statistical significance (n = 13, r = -0.525, p = 0.0655). No significant correlation was
detected in R2 or R3. These regimen-level analyses were interpreted cautiously
because they were restricted to GT8 BLI binders with determined KD values, particularly
in R2 and R3. Overall, GT8 ELISA AUC did not significantly predict KD among BLI-
confirmed GT8 binders.
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Overall, BLI confirmed measurable binding to soluble monomeric GT8 for a
subset of mAbs that met the BLI testing cutoff. GT8 BLI binders were identified in all
three immunization regimens, with determined KD values spanning the low-nM to high-
nM range. GT8 BLI binder frequency, KD distribution, and low-KD binder frequency did
not differ significantly across regimens. No tested mAbs showed measurable binding to
KO by BLI, including mAbs that bound GT8. In addition, GT8 ELISA AUC, high-AUC
status, and GT8 ELISA AUC-KD correlation analyses did not show a significant
association between ELISA binding magnitude and BLI-confirmed GT8 binding or

affinity.

4.6. Neutralization Activity of Cloned mAbs Against HIV-1
Pseudoviruses

4.6.1. Exploratory Single-Point Neutralization Screening

Selected cloned mAbs were evaluated in TZM-bl pseudovirus neutralization
assays against two related HIV-1 pseudoviruses derived from the 45 _01dG5 Env. This
Env was selected because HIV-1-45 has been proposed to have elicited VRCO01-class
bnAbs in donor 45. HIV-1-45 WT lacks the N276 glycan, whereas the K278T substitution
introduces an N-linked glycosylation motif at position 276. These paired viruses were
used to assess whether cloned mAbs showed detectable HIV-1 neutralization activity
and whether the presence of the N276 glycan altered antibody sensitivity. VSV-IND was

included as a negative-control pseudovirus to assess nonspecific inhibition.

A single-point neutralization screen was first performed to identify mAbs of
interest for subsequent serial dilution neutralization assays and to assess whether
previously measured binding properties were associated with detectable HIV-1 inhibition
at the screening concentration. The screened panel was drawn from mAbs for which
sufficient purified antibody was available, as expression and purification yields limited
the number of mAbs that could be tested. Within this available pool, mAbs were selected
to span a range of GT8 ELISA binding magnitudes, GT8 BLI binding outcomes, and KD
values. This included mAbs with strong or weak ELISA binding, mAbs with measurable
GT8 binding by BLI, and mAbs with no measurable GT8 binding by BLI. This design
allowed exploratory assessment of whether ELISA AUC, BLI binding status, or KD

values could identify mAbs with neutralization potential at 50 ug/mL.
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A total of 43 study mAbs were tested at an antibody concentration of 50 ug/mL
against HIV-1-45 WT, HIV-1-45 K278T, and VSV-IND. The assay also included three
HIV-1 bnAb controls, VRCO01, PGT128, and PGT145, as well as two blank wells
containing no antibody. All mAbs were tested in duplicate against each pseudovirus, and
the mean percentage neutralization of the two technical replicates was used for analysis.
Because mAbs were tested at only one antibody concentration, results from this screen
are reported as percentage neutralization at 50 ug/mL rather than as Half-maximal

inhibitory concentration (IC50) values.

The screened panel included 43 mAbs from all three immunization regimens,
with 21 from R1, 6 from R2, and 16 from R3. Because the screened panel was
constrained by antibody and virus availability, the single-point screen was not used to
establish definitive neutralization activity. Instead, the screen was used to identify
candidate mAbs for future serial dilution neutralization assays and to explore whether
ELISA or BLI binding properties were associated with detectable inhibition at the

screening concentration.

4.6.2. Single-Point Screening Threshold and Interpretation of VSV-IND
Inhibition

An operational threshold of = 20% neutralization of either HIV-1-45 WT or HIV-1-
45 K278T at 50 ug/mL was used to identify mAbs of interest for future serial dilution
neutralization assays. This threshold was used as a follow-up criterion only and was not

used to define confirmed neutralizing activity or neutralization potency.

VSV-IND was included as a negative-control pseudovirus to assess nonspecific
inhibition in the single-point neutralization screen. However, apparent VSV-IND inhibition
was also observed in control conditions, including the HIV-1 bnAb controls VRCO1,
PGT128, and PGT145, which showed 24.2%, 33.1%, and 17.9% apparent inhibition,
respectively. The two blank wells containing no antibody showed 12.0% and 32.4%
apparent inhibition. Because HIV-1-specific bnAbs are not expected to specifically
neutralize VSV-IND, and because one blank well showed apparent inhibition in the same
range, moderate VSV-IND inhibition values in the single-point screen were interpreted
cautiously and were not considered evidence of specific antibody-mediated VSV-IND

neutralization.
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For this reason, apparent VSV-IND inhibition was not used to exclude mAbs from
follow-up. Instead, mAbs were prioritized for additional testing if they showed = 20%
neutralization against either HIV-1 pseudovirus at 50 ug/mL. This threshold was used
only as an operational follow-up criterion and was not used to define confirmed

neutralizing activity or neutralization potency.

4.6.3. Single-Point Neutralization Activity Against HIV-1-45 WT and
K278T

One mAb, 8886 cl29, showed high apparent inhibition of HIV-1-45 WT, HIV-1-45
K278T, and VSV-IND in the single-point screen. Because inhibition of the negative-
control VSV-IND pseudovirus suggested possible nonspecific inhibition or assay
interference, 8886 cl29 was flagged for repeat testing and excluded from the primary

single-point HIV-1 analysis. The primary analysis therefore included 42 mAbs.

Using the = 20% follow-up threshold, 20 of 42 mAbs (47.6%) showed detectable
inhibition of at least one HIV-1 pseudovirus at 50 ug/mL, whereas 22 of 42 mAbs
(562.4%) were below the threshold against both HIV-1-45 WT and HIV-1-45 K278T
(Figure 4.9). Neutralization of HIV-1-45 WT ranged from —-61.2% to 65.8%, whereas
neutralization of HIV-1-45 K278T ranged from —38.3% to 58.4%. Among the 20 mAbs
meeting the follow-up threshold, 10 showed = 20% neutralization against both HIV-1
pseudoviruses, 10 showed = 20% neutralization against K278T only, and no mAbs
showed 220% neutralization against WT only. All mAbs that reached the follow-up
threshold against HIV-1-45 WT also reached the threshold against HIV-1-45 K278T.
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Single-point HIV-1 Neutralization at 50 pg/mL
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Figure 4.9. Single-point HIV-1 neutralization of cloned mAbs against HIV-1-45
WT and HIV-1-45 K278T.
Single-point neutralization values at 50 ug/mL are shown for mAbs included in the primary HIV-1
single-point analysis. Each point represents one mAb. The x-axis shows percentage
neutralization of HIV-1-45 WT, and the y-axis shows percentage neutralization of HIV-1-45
K278T. Dashed lines indicate the = 20% follow-up threshold for each pseudovirus. Purple
squares indicate mAbs that reached the threshold against both WT and K278T, pink triangles
indicate mAbs that reached the threshold against K278T only, and blue circles indicate mAbs
below the threshold against both pseudoviruses.

The frequency of mAbs meeting the = 20% follow-up threshold differed between
HIV-1-45 WT and HIV-1-45 K278T (McNemar’s exact test, p = 0.0020). This difference
reflected the absence of WT-only responses and the presence of 10 mAbs that met the
threshold against K278T only. Paired neutralization values were also higher for HIV-1-45
K278T than for HIV-1-45 WT (Wilcoxon matched-pairs signed-rank test, p = 0.0025). WT
and K278T neutralization values were positively correlated across mAbs (Spearman r =
0.688, p < 0.0001), indicating that mAbs with higher neutralization values against HIV-1-
45 WT also tended to have higher neutralization values against HIV-1-45 K278T.

The frequency of mAbs meeting the = 20% follow-up threshold did not differ
significantly across regimens, with 9 of 20 R1 mAbs, 3 of 6 R2 mAbs, and 8 of 16 R3
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mAbs meeting the threshold. The distribution of mAbs classified as both WT/K278T,
K278T only, or below threshold also did not differ significantly across regimens (Fisher-
Freeman-Halton exact test, p = 0.8998). No significant regimen-level differences were
detected in the frequency of WT-threshold mAbs, the frequency of K278T-threshold
mADbs, or the overall percentage neutralization values against either HIV-1-45 WT or
HIV-1-45 K278T. When WT and K278T neutralization values were compared within each
regimen, K278T values were significantly higher than WT values in R1 only (Wilcoxon
matched-pairs signed-rank test; R1, p = 0.0276; R2, p = 0.6875; R3, p = 0.0654). The
regimen-level analyses should be interpreted cautiously because stratification by
regimen reduced the number of mAbs in each comparison, and the sample sizes were

unequal across regimens.

4.6.4. Relationship Between Antigen-Binding Profile and Single-Point
Neutralization Outcome

To assess whether antigen-binding profiles were associated with single-point
neutralization outcome, ELISA and BLI binding data were compared with HIV-1
neutralization activity among the 42 mAbs included in the primary single-point analysis.
mAbs were first grouped according to whether they met the 220% follow-up threshold
against either HIV-1-45 WT or HIV-1-45 K278T. Because no mAbs met the threshold
against WT only, threshold-positive mAbs were further separated into those that met the
threshold against both HIV-1 pseudoviruses and those that met the threshold against
K278T only. GT8 and NVT ELISA AUC values were then compared with single-point

neutralization outcomes. (Figure 4.10A-C)
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Figure 4.10. Relationship between antigen-binding profile and single-point HIV-1
neutralization outcome.
(A) GT8 and NVT ELISA AUC values are shown for mAbs included in the primary single-point
HIV-1 neutralization analysis. mAbs were grouped according to whether they met the = 20%
follow-up threshold against at least one HIV-1 pseudovirus at 50 pg/mL or remained below
threshold against both HIV-1-45 WT and HIV-1-45 K278T. Green dots indicate mAbs that met the
= 20% threshold, and red dots indicate mAbs that remained below threshold. (B) GT8 and NVT
ELISA AUC values are shown for threshold-positive mAbs grouped according to whether they
met the threshold against both HIV-1-45 WT and HIV-1-45 K278T or against K278T only. Blue
dots indicate mAbs that met the threshold against both WT and K278T, and purple dots indicate
mAbs that met the threshold against K278T only. In panels A and B, each dot represents one
mADb, black horizontal lines indicate median ELISA AUC values, and dashed vertical lines
separate the GT8 and NVT ELISA AUC analyses. (C) The frequency of mAbs meeting the = 20%
follow-up threshold is shown according to GT8 BLI status. Bars show the percentage of mAbs in
each group, with the total number of mAbs indicated above each bar and counts shown within
each stacked segment. Green indicates mAbs that met the = 20% follow-up threshold against at
least one HIV-1 pseudovirus at 50 ug/mL, and red indicates mAbs that remained below threshold
against both HIV-1-45 WT and HIV-1-45 K278T.

To further assess whether ELISA binding magnitude was associated with the
amount of single-point neutralization, GT8 and NVT ELISA AUC values were compared
with percentage neutralization against each HIV-1 pseudovirus using Spearman
correlation analysis (Figure 4.10A). GT8 AUC was not significantly associated with HIV-
1-45 WT neutralization (Spearman r = 0.245, p = 0.1173), but was positively associated
with HIV-1-45 K278T neutralization (Spearman r = 0.408, p = 0.0072). Similarly, NVT
AUC was not significantly associated with HIV-1-45 WT neutralization (Spearman r =
0.294, p = 0.0588), but was positively associated with HIV-1-45 K278T neutralization
(Spearman r = 0.410, p = 0.0070). When correlations were examined within each
regimen, no significant AUC-neutralization correlations were detected in R1. In R2, NVT
AUC was positively associated with WT neutralization (Spearman r = 0.829, p = 0.0416),
and both GT8 and NVT AUC were positively associated with K278T neutralization (GT8:
r=0.829, p = 0.0416; NVT: r = 0.943, p = 0.0048). In R3, both GT8 and NVT AUC were
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positively associated with K278T neutralization (GT8: r=0.612, p = 0.0118; NVT: r =
0.585, p = 0.0172), whereas neither AUC measure was significantly associated with WT
neutralization. Regimen-level correlation analyses should be interpreted cautiously
because stratification by regimen reduced the number of mAbs in each comparison,

particularly in R2.

Among the 20 mAbs that met the = 20% follow-up threshold, GT8 and NVT
ELISA AUC values were compared between mAbs that met the threshold against both
HIV-1-45 WT and HIV-1-45 K278T and mAbs that met the threshold against K278T only
(Figure 4.10B). GT8 AUC was significantly higher in the both-virus group than in the
K278T-only group, with median AUC values of 24.37 and 6.24, respectively (Mann-
Whitney test, p = 0.0257). NVT AUC was also significantly higher in the both-virus group
than in the K278T-only group, with median AUC values of 24.43 and 7.35, respectively
(Mann-Whitney test, p = 0.0140). When this comparison was performed within each
regimen, no regimen-level comparison between the both-virus and K278T-only groups
reached statistical significance for either GT8 AUC or NVT AUC.

GT8 BLI binding status was then compared with single-point neutralization
outcome (Figure 4.10C). Of the 42 mAbs included in the primary single-point HIV-1
analysis, 40 had been tested for GT8 binding by BLI. Two mAbs, 8886 cl95y and 10278
cl30, were not tested by GT8 BLI and were excluded from these analyses. Among the 40
BLI-tested mAbs, 20 were classified as GT8 BLI binders and 20 were classified as

having no measurable GT8 binding.

Among the 40 mAbs tested by GT8 BLI, 12 of 20 GT8 BLI binders met the = 20%
single-point follow-up threshold, compared with 8 of 20 mAbs with no measurable GT8
binding (60.0% versus 40.0%; Figure 4.10C). This difference was not statistically
significant (Fisher’s exact test, p = 0.3431). When mAbs were separated into single-point
neutralization categories, GT8 BLI binders were distributed as 7 of 20 in the both-virus
group, 5 of 20 in the K278T-only group, and 8 of 20 in the below-threshold group. In
comparison, mAbs with no measurable GT8 binding were distributed as 3 of 20 in the
both-virus group, 5 of 20 in the K278T-only group, and 12 of 20 in the below-threshold
group. This category distribution did not differ significantly by GT8 BLI binding status
(Fisher-Freeman-Halton exact test, p = 0.3350). When these analyses were performed

within each regimen, no regimen-level comparison reached statistical significance.
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To assess whether GT8 BLI binding status was associated with the magnitude of
single-point neutralization, WT and K278T percentage neutralization values were
compared between GT8 BLI binders and mAbs with no measurable GT8 binding. HIV-1-
45 WT neutralization values did not differ significantly between GT8 BLI binders and
mADbs with no measurable GT8 binding, with median neutralization values of 10.05% and
4.85%, respectively (Mann-Whitney test, p = 0.4903). HIV-1-45 K278T neutralization
values were also not significantly different between groups, with median neutralization
values of 24.2% and 5.6%, respectively (Mann-Whitney test, p = 0.2503). When these
analyses were performed within each regimen, no regimen-level comparison reached

statistical significance.

KD values were then compared with single-point neutralization outcomes among
GT8 BLI binders with determined KD values. Of the 20 GT8 BLI binders included in the
BLlI-status analysis, 17 had determined KD values and were included in KD-based
analyses. Three GT8 BLI binders had KD values recorded as ND and were excluded

from these comparisons.

KD values did not differ significantly between mAbs that met the = 20% single-
point follow-up threshold and those that remained below threshold. Threshold-positive
mAbs had a median KD of 34.5 nM, compared with 11.0 nM for below-threshold mAbs
(Mann-Whitney test, p = 0.3527). Among threshold-positive mAbs, KD values also did
not differ significantly between the both-virus and K278T-only groups, with median KD
values of 21.0 nM and 53.5 nM, respectively (Mann-Whitney test, p = 0.3524). When
these KD comparisons were performed within each regimen, no regimen-level

comparison reached statistical significance.

To assess whether GT8 KD was associated with the magnitude of single-point
neutralization, KD values were compared with percentage neutralization against each
HIV-1 pseudovirus using Spearman correlation analysis. KD was not significantly
associated with HIV-1-45 WT neutralization (Spearman r = 0.044, p = 0.8662) or HIV-1-
45 K278T neutralization (Spearman r = 0.265, p = 0.3033). When these correlation
analyses were performed within each regimen, no comparison reached statistical

significance.
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4.6.5. Serial Dilution Neutralization Analysis of Selected mAbs

Although the single-point screen identified additional mAbs of interest, serial
dilution neutralization analysis was limited by antibody and virus availability during the
testing period. Therefore, two mAbs, 10285 ¢l39 and 8886 cl92, were prioritized for
serial dilution analysis because they showed detectable inhibition of both HIV-1
pseudoviruses in the single-point screen and sufficient purified antibody was available.
The remaining candidate mAbs require future testing once additional antibody and virus
stocks are available. The two selected mAbs were tested against HIV-1-45 WT, HIV-1-
45 K278T, and VSV-IND across a two-fold dilution series starting at 50 ug/mL, with
VRCO01 included as a positive-control HIV-1 bnAb (Figure 4.11A-C).
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Figure 4.11 Serial dilution neutralization analysis of selected mAbs against HIV-
1 pseudoviruses and VSV-IND.
mAbs 10285 cl39 and 8886 cl92 were tested in serial dilution neutralization assays against (A)
HIV-1-45 WT, (B) HIV-1-45 K278T, and (C) VSV-IND. VRCO01 was included as a positive-control
HIV-1 bnAb. Blue circles indicate 10285 cl39, red squares indicate 8886 cl92, and green triangles
indicate VRCO1. Neutralization is shown as percentage neutralization across antibody
concentration in pg/mL on a log-scale x-axis. Data points show mean neutralization values from
technical duplicate wells, with error bars indicating variation between replicates. The horizontal
dashed line indicates 50% neutralization, which was used to determine IC50 values when 50%
neutralization was reached within the tested concentration range.

Against HIV-1-45 WT, 10285 cl39 showed a concentration-dependent increase in
neutralization, reaching a maximum mean neutralization of 49.0% at 50 ug/mL (Figure
4.11A). Because 50% neutralization was not reached within the tested concentration
range, the IC50 was reported as > 50 pg/mL. 8886 cl92 showed weaker activity against
HIV-1-45 WT, reaching a maximum mean neutralization of 35.7%, and its IC50 was also
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reported as > 50 ug/mL. As expected, the VRCO1 positive control showed strong

neutralization of HIV-1-45 WT across the tested concentrations.

Against HIV-1-45 K278T, 10285 cl39 reached 52.3% maximum mean
neutralization and yielded an IC50 of 43.3 ug/mL (Figure 4.11B). In contrast, 8886 cl92

reached a maximum mean neutralization of 33.1% and did not reach 50% neutralization,

so its IC50 was reported as > 50 ug/mL. As expected, VRC01 showed strong

neutralization of HIV-1-45 K278T across the tested concentrations.

Neither 10285 cl39 nor 8886 cl92 showed concentration-dependent
neutralization of VSV-IND (Figure 4.11C). Maximum mean VSV-IND inhibition was 3.8%
for 10285 cl39 and 7.7% for 8886 cl92. These results support the interpretation that the

apparent VSV-IND inhibition observed in the single-point screen reflected background

variability or assay interference rather than specific antibody-mediated VSV-IND

neutralization.

Table 4.3. Sequence, binding, and neutralization features of mAbs selected for
serial dilution neutralization analysis.

Feature

Antibody characteristics
Regimen

VH gene
Light-chain gene
Light-chain type
CDR sequences
HCDR1

HCDR2

HCDR3

HCDR3 length
LCDR3 length
ELISA binding
GT8 ELISA AUC
NVT ELISA AUC

8886 cl92

R1
IGHV3-23
IGKV2D-24

Kappa

GFTFSSYA
ISGSGGST
ARTTGTFYYYYMDV
15
9

19.45
24.00
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10285 clI39

R2
IGHV3-23
IGKV3-20

Kappa

GFTTFTYA
ISGSGGST
AKMGHNWSYYYYMDV
15
9

71.38
70.15



Feature 8886 cl92 10285 cl39

GT8 high-AUC group No Yes

NVT high-AUC group Yes Yes

BLI binding

GT8 BLI outcome Binder Binder

GT8 KD 9.5nM 44 nM

KO BLI outcome No measurable binding No measurable binding

Neutralization

Serial dilution neutralization Did not reach 50% neutralization Reached 50% neutralization
outcome against WT or K278T against K278T only

Summary of sequence features, ELISA and BLI binding measurements, and serial dilution neutralization outcomes for
8886 cl92 and 10285 cl39. High-AUC groups were defined using antigen-specific 75th percentile ELISA AUC cutoffs:
20.18 for GT8 and 23.96 for NVT.

The two mAbs tested by serial dilution were summarized for sequence, binding,
and neutralization features (Table 4.3). Both mAbs used IGHV3-23 and kappa light
chains, although they used different kappa light-chain genes: IGKV2D-24 for 8886 cl92
and IGKV3-20 for 10285 cl39. Both mAbs had HCDR3 and LCDR3 lengths of 15 and 9
amino acids, respectively. Their Heavy CDR1 sequences were highly similar, with 8886
cl92 containing GFTFSSYA and 10285 cl39 containing GFTFTIYA, following a
GFTFXXYA-like pattern in which the two X positions indicate the residues that differed
between the two mAbs. The two mAbs also had identical Heavy CDR2 sequences,
ISGSGGST. Their Heavy CDR3 sequences differed but were both tyrosine-rich near the
C-terminal end, with a shared YYYYMDV-like motif. In contrast, the light-chain CDRs
differed between the two mAbs, consistent with their use of different kappa light-chain

genes.

Both mAbs were classified as GT8 BLI binders and showed no measurable
binding to KO by BLI. However, they differed in ELISA binding magnitude, KD, and serial
dilution neutralization outcome. 10285 clI39 had higher GT8 and NVT ELISA AUC values
than 8886 cl92 and met the high-AUC cutoff for both antigens. In comparison, 8886 cl92
fell below the GT8 high-AUC cutoff but met the NVT high-AUC cutoff. 10285 cl39
reached 50% neutralization against HIV-1-45 K278T, whereas 8886 cl92 did not reach
50% neutralization against either HIV-1 pseudovirus. Despite this, 8886 cl92 had the
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lower KD value. Because only two mAbs were tested by serial dilution, these features

were not used to infer sequence or binding determinants of neutralization.

Overall, the single-point neutralization screen identified mAbs with detectable

HIV-1 inhibition at 50 pg/mL, with more mAbs reaching the follow-up threshold against
HIV-1-45 K278T than HIV-1-45 WT. mAbs that met the = 20% follow-up threshold had
higher GT8 and NVT ELISA AUC values than below-threshold mAbs, whereas GT8 BLI
binding status and KD were not significantly associated with neutralization in the tested
panel. Serial dilution analysis showed limited neutralization activity among the two mAbs
tested and did not show concentration-dependent neutralization of VSV-IND. Additional
serial dilution neutralization assays will be required to determine whether the remaining
single-point candidates show reproducible neutralization activity and measurable 1C50

values.

4.7. Immunoglobulin Gene Usage, CDR Length, and CDR
Sequence Features Associated with Binding and
Single-Point Neutralization Outcomes

4.7.1. Sequence-Analysis Groups and Overview

Sequence analyses were performed to assess whether antibody variable-region
features were associated with binding and single-point neutralization outcomes. The
features examined included VH gene usage, light-chain gene usage and type, HCDR3
length, LCDR3 length, and CDR sequence patterns across HCDR1, HCDR2, HCDR3,
LCDR1, LCDR2, and LCDRS3.

The primary outcome comparisons were GT8 ELISA binders versus GT8 ELISA
non-binders, GT8 BLI binders versus mAbs with no measurable GT8 binding, and mAbs
that met the = 20% single-point neutralization follow-up threshold versus below-threshold
mAbs. Where useful, threshold-positive mAbs were further separated into mAbs that met
the threshold against both HIV-1-45 WT and HIV-1-45 K278T and mAbs that met the
threshold against K278T only.

Additional analyses were performed to assess whether sequence features were
associated with stronger binding or neutralization outcomes. These included

comparisons of high-AUC versus non-high-AUC GT8 ELISA binders, lower-KD versus
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higher-KD GT8 BLI binders, and mAbs with higher versus lower single-point inhibition
values. Analyses were first performed across the pooled mAb dataset and were then
examined within individual immunization regimens where sample size allowed.

Regimen-level analyses were interpreted cautiously when subgroup sizes were small.

4.7.2. VH Gene Usage

VH gene usage was examined to determine whether specific VH genes were
associated with GT8 ELISA binding, GT8 BLI binding, KD, or single-point neutralization
outcomes. After excluding one mAb for which VH gene was not identifiable, 106 mAbs
were included in the VH gene analysis. Across the full cloned mAb panel, IGHV3-23 was
the most frequently used VH gene, accounting for 66 of 106 mAbs (62.3%). The
remaining VH genes ranged from 1 to 15 mAbs per gene (0.9% to 14.2% of the panel).
IGHV3-23 usage was also compared across immunization regimens. In R1, 32 of 44
mADbs (72.7%) used IGHV3-23, compared with 11 of 21 mAbs (52.4%) in R2 and 23 of
41 mAbs (56.1%) in R3. Although IGHV3-23 usage was highest in R1, the distribution of
IGHV3-23 versus other VH genes did not differ significantly across regimens. Because
IGHV3-23 was the dominant VH gene in the overall panel, statistical comparisons
focused on IGHV3-23 versus all other assigned VH genes. The absence of IGHV1-2
usage from the cloned mAb panel was also noted, as VRCO1-class bnAbs are restricted

to this VH gene.

This comparison was also examined within each regimen. In R1, IGHV3-23 was
used by 30 of 42 GT8 ELISA binders (71.4%) and 2 of 2 GT8 ELISA non-binders
(100.0%). In R2, IGHV3-23 was used by 9 of 17 GT8 ELISA binders (52.9%) and 2 of 4
GT8 ELISA non-binders (50.0%). In R3, IGHV3-23 was used by 23 of 38 GT8 ELISA
binders (60.5%), whereas none of the 3 GT8 ELISA non-binders used IGHV3-23. No
regimen comparison reached statistical significance. These regimen-level analyses were

interpreted cautiously because the number of GT8 ELISA non-binders was small.

VH gene usage was next compared with GT8 ELISA AUC among GT8 ELISA
binders to determine whether IGHV3-23 was associated with stronger ELISA
binding. Among GT8 ELISA binders, mAbs using IGHV3-23 had significantly higher
GT8 ELISA AUC values than mAbs using other VH genes (Figure 4.12). The median
GT8 ELISA AUC was 11.40 for IGHV3-23 mAbs, compared with 4.23 for mAbs using

67



other VH genes (Mann-Whitney test, p = 0.0034). This indicates that IGHV3-23 usage
was associated with higher GT8 ELISA binding magnitude among GT8 ELISA binders,
even though it did not significantly distinguish GT8 ELISA binders from non-binders in

the cloned mAb panel.

GT8 ELISA AUC by VH Gene Category
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Figure 4.12. VH gene usage and GT8 ELISA binding magnitude.

(A) GT8 ELISA AUC values grouped by VH gene category. The x-axis shows VH gene category,
with mAbs separated into IGHV3-23 and other VH genes. The y-axis shows GT8 ELISA binding
magnitude as AUC. Purple circles represent IGHV3-23 mAbs, and green triangles represent
mADbs using other VH genes. Each point represents one mAb, and horizontal lines indicate
median values.

Regimen-level analysis showed that the association between IGHV3-23 usage
and GT8 ELISA AUC was not uniform across all regimens. R1 and R2 did not show
significant differences in GT8 ELISA AUC between IGHV3-23 mAbs and mAbs using
other VH genes (R1, p = 0.5129; R2, p = 0.3213). In R3, however, IGHV3-23 mAbs had
significantly higher GT8 ELISA AUC values than mAbs using other VH genes, with
median AUC values of 19.36 and 2.56, respectively (Mann-Whitney test, p = 0.0079).
Therefore, the pooled association between IGHV3-23 usage and higher GT8 ELISA
AUC appeared to be driven primarily by R3.

IGHV3-23 usage was also compared between high-AUC and non-high-AUC GT8
ELISA binders to determine whether IGHV3-23 was specifically overrepresented among
the strongest ELISA binders. High-AUC mAbs were defined as those with GT8 ELISA
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AUC values 220.18, corresponding to the cutoff used to identify the top 25% of GT8
ELISA binders. Among high-AUC mAbs, 18 of 25 (72.0%) used IGHV3-23, compared
with 44 of 72 non-high-AUC mAbs (61.1%). This difference was not statistically
significant (Fisher’s exact test, p = 0.4689). Thus, IGHV3-23 usage was associated with
higher GT8 ELISA AUC across the full binder population, but it was not significantly
concentrated within the top 25% of GT8 ELISA binders.

High-AUC status was also examined within each regimen. In R1 and R2, IGHV3-
23 usage was similar between high-AUC and non-high-AUC mAbs, with frequencies of
approximately 70% in R1 and 50% in R2. Neither comparison reached statistical
significance. In R3, IGHV3-23 usage was higher among high-AUC mAbs than non-high-
AUC mAbs, with 8 of 10 high-AUC mAbs (80.0%) using IGHV3-23 compared with 15 of
28 non-high-AUC mAbs (53.6%). However, this difference did not reach statistical
significance (Fisher's exact test, p = 0.2588). Therefore, no regimen comparison had a

significant association between IGHV3-23 usage and high-AUC status.

Because BLI testing was prioritized using a GT8 ELISA-derived cutoff, VH gene
usage was compared between mAbs that did or did not meet the BLI testing cutoff. The
BLI testing cutoff was defined as a blank-corrected GT8 ELISA OD value 20.4 at the
highest antibody concentration. Among mAbs that met the BLI testing cutoff, 40 of 56
(71.4%) used IGHV3-23, compared with 26 of 50 mAbs that did not meet the cutoff
(52.0%). This difference was statistically significant (Fisher’s exact test, p = 0.0465),
consistent with the association between IGHV3-23 usage and higher GT8 ELISA AUC.

This association was then examined within each regimen. In R1, IGHV3-23
usage was similar between mAbs that met the BLI testing cutoff and those that did not,
with IGHV3-23 used by approximately 70% of mAbs in both groups. In R2, IGHV3-23
was used by 5 of 7 cutoff-positive mAbs (71.4%) and 6 of 14 cutoff-negative mAbs
(42.9%). Although IGHV3-23 usage was numerically higher among cutoff-positive mAbs
in R2, this difference did not reach statistical significance, likely reflecting the small
number of R2 mAbs in the cutoff-positive group. In R3, the same directional pattern was
stronger: IGHV3-23 was used by 16 of 22 cutoff-positive mAbs (72.7%) compared with 7
of 19 cutoff-negative mAbs (36.8%), and this difference was statistically significant
(Fisher’s exact test, p = 0.0296). Thus, the pooled association between IGHV3-23 usage
and meeting the BLI testing cutoff appeared to be driven primarily by R3.
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Among mAbs that met the BLI testing cutoff and were tested against GT8,
IGHV3-23 usage was compared between GT8 BLI binders and mAbs with no
measurable GT8 binding. IGHV3-23 was used by 18 of 25 GT8 BLI binders (72.0%) and
15 of 17 mAbs with no measurable GT8 binding (88.2%). This difference was not
statistically significant (Fisher’s exact test, p = 0.2708), indicating that IGHV3-23 usage
did not distinguish GT8 BLI binders from mAbs with no measurable GT8 binding. No

regimen-level comparison reached statistical significance.

IGHV3-23 usage was also compared with KD among GT8 BLI binders with
determined KD values. IGHV3-23 was used by 4 of 5 low-KD binders and 11 of 15
higher-KD binders, and this difference was not statistically significant (Fisher’s exact
test, p = 1.0000). KD values were also not significantly different between IGHV3-23
mAbs and mAbs using other VH genes, with median KD values of 11.0 nM and 38.0 nM,
respectively (Mann-Whitney test, p = 0.2942). No regimen-level comparison reached

statistical significance.

VH gene usage was then compared with single-point neutralization outcomes
among the 42 mAbs included in the primary HIV-1 single-point neutralization analysis.
This analysis included 26 mAbs using IGHV3-23 and 16 mAbs using other VH genes.
The = 20% follow-up threshold against either HIV-1-45 WT or HIV-1-45 K278T was first

used to classify mAbs as threshold-positive or below threshold.

Among mAbs that met the = 20% follow-up threshold, 15 of 20 (75.0%) used
IGHV3-23, compared with 11 of 22 below-threshold mAbs (50.0%). Although IGHV3-23
usage was more frequent among threshold-positive mAbs, this difference did not reach
statistical significance (Fisher’s exact test, p = 0.1212). No regimen-level comparison

reached statistical significance.

Single-point neutralization outcomes were then separated into three categories:
mADbs that met the threshold against both HIV-1-45 WT and HIV-1-45 K278T, mAbs that
met the threshold against K278T only, and mAbs that remained below threshold against
both pseudoviruses (Figure 4.13A). In this analysis, all 10 mAbs in the both-virus group
used IGHV3-23. In comparison, IGHV3-23 was used by 5 of 10 K278T-only mAbs
(50.0%) and 11 of 22 below-threshold mAbs (50.0%). The distribution of IGHV3-23
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versus other VH genes differed significantly across the three single-point neutralization

categories (Fisher-Freeman-Halton exact test, p = 0.0138).
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Figure 4.13. VH gene usage and single-point neutralization outcomes

(A) Distribution of single-point neutralization categories by VH gene category. The x-axis shows
VH gene category, with mAbs grouped as IGHV3-23 or other VH. The y-axis shows the
percentage of mAbs within each VH gene category. Purple indicates mAbs that met the = 20%
neutralization threshold against both HIV-1-45 WT and HIV-1-45 K278T, pink indicates mAbs that
met the threshold against K278T only, and light blue indicates mAbs that remained below
threshold against both pseudoviruses. Numbers inside the bars indicate mAb counts, and total
group sizes are shown above each bar. (B) Single-point neutralization values grouped by
pseudovirus and VH gene category. The x-axis shows four groups: WT IGHV3-23, WT other VH
genes, K278T IGHV3-23, and K278T other VH genes. The y-axis shows percent neutralization at
50 pg/mL. Pink circles represent WT neutralization by IGHV3-23 mAbs, orange triangles
represent WT neutralization by mAbs using other VH genes, purple circles represent K278T
neutralization by IGHV3-23 mAbs, and green triangles represent K278T neutralization by mAbs
using other VH genes. Each point represents one mAb, horizontal lines indicate median values,
and the dashed horizontal line indicates 0% neutralization.

Pairwise comparisons showed that the significant category-level association was
driven mainly by the both-virus group. IGHV3-23 usage was significantly more frequent
in the both-virus group than in the below-threshold group after correction for multiple
comparisons (adjusted p = 0.0181). The comparison between the both-virus and K278T-
only groups showed the same direction, but did not reach significance after correction
(adjusted p = 0.0650). IGHV3-23 usage did not differ between the K278T-only and

below-threshold groups. Thus, IGHV3-23 usage was not significantly associated with
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meeting the = 20% threshold, but it was associated with the more restricted outcome of

reaching the threshold against both HIV-1 pseudoviruses.

The three-category neutralization analysis was also examined within each
regimen. In R1, all 5 mAbs in the both-virus group used IGHV3-23, compared with 1 of 4
K278T-only mAbs and 7 of 11 below-threshold mAbs. This pattern approached but did
not reach statistical significance (Fisher-Freeman-Halton exact test, p = 0.0649). R2 and
R3 did not show significant regimen-level associations. These analyses were interpreted

cautiously because subgroup sizes were small.

VH gene usage was also compared with the magnitude of single-point
neutralization against each HIV-1 pseudovirus (Figure 4.13B). Against HIV-1-45 WT,
mAbs using IGHV3-23 had significantly higher neutralization values than mAbs using
other VH genes, with median values of 12.7% and -11.15%, respectively (Mann-
Whitney test, p = 0.0134). Against HIV-1-45 K278T, IGHV3-23 mAbs also had
significantly higher neutralization values than mAbs using other VH genes, with median
values of 23.65% and 1.15%, respectively (Mann-Whitney test, p = 0.0234).

Regimen-level comparisons of neutralization magnitude showed limited evidence
of VH-associated differences after stratification. In R1, IGHV3-23 mAbs had significantly
higher HIV-1-45 WT neutralization values than mAbs using other VH genes, with median
values of 14.9% and -31.0%, respectively (Mann-Whitney test, p = 0.0456). The
corresponding K278T comparison in R1 was not significant. In R2, neither WT nor
K278T neutralization differed significantly between IGHV3-23 mAbs and mAbs using
other VH genes. In R3, WT neutralization also did not differ significantly by VH gene
category. K278T neutralization in R3 was numerically higher among IGHV3-23 mAbs
than among mAbs using other VH genes, with median values of 31.2% and 3.9%,
respectively, but this difference did not reach statistical significance (p = 0.0712). These

regimen-level analyses were interpreted cautiously because subgroup sizes were small.

Because IGHV3-23 usage was associated with higher WT and K278T
neutralization values but did not significantly distinguish mAbs that met the = 20% follow-
up threshold from below-threshold mAbs, an additional high-neutralization analysis was
performed. For each pseudovirus, mAbs were classified according to whether their

single-point neutralization values fell within the top 25% of the tested panel. This

72



analysis was used to determine whether IGHV3-23 usage was associated with the
highest neutralization values, rather than only with crossing the operational follow-up
threshold.

For HIV-1-45 WT, the top-25% neutralization cutoff was 17.98%. Among mAbs in
the top 25% for WT neutralization, 10 of 11 (90.9%) used IGHV3-23, compared with 16
of 31 mAbs (51.6%) outside the top 25%. This difference was statistically significant
(Fisher’s exact test, p = 0.0304). For HIV-1-45 K278T, the top-25% neutralization cutoff
was 31.43%. Similarly, 10 of 11 mAbs (90.9%) in the top 25% for K278T neutralization
used IGHV3-23, compared with 16 of 31 mAbs (51.6%) outside the top 25% (Fisher’s
exact test, p = 0.0304). When mAbs were classified according to whether they were in
the top 25% for both WT and K278T neutralization, all 9 mAbs in this group used IGHV3-
23, compared with 17 of 33 mAbs (51.5%) outside this group (Fisher’s exact test, p =
0.0078).

The frequency of top-25% neutralizers did not differ significantly among regimens
for WT, K278T, or the combined WT/K278T top-25% classification. In addition, no within-
regimen comparison showed a significant association between IGHV3-23 usage and
top-25% neutralization status. Therefore, the association between IGHV3-23 usage and

high neutralization magnitude was strongest in the pooled analysis.

Overall, IGHV3-23 was the dominant VH gene in the cloned mAb panel and was
associated with stronger GT8 ELISA binding magnitude. IGHV3-23 usage was also
associated with meeting the ELISA-derived cutoff used to prioritize mAbs for BLI testing,
particularly in R3. However, IGHV3-23 usage did not significantly distinguish GT8 BLI
binders from mAbs with no measurable GT8 binding and was not significantly associated
with KD among GT8 BLI binders. In contrast, IGHV3-23 usage was associated with
stronger single-point neutralization outcomes. IGHV3-23 mAbs had higher neutralization
values against both HIV-1-45 WT and HIV-1-45 K278T, all mAbs that reached the = 20%
threshold against both pseudoviruses used IGHV3-23, and all mAbs in the top 25% of
neutralization values for both pseudoviruses also used IGHV3-23. Together, these
findings suggest that IGHV3-23 usage was linked more clearly to ELISA binding
magnitude and stronger single-point neutralization than to BLI-confirmed GT8 binding

status or KD.
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4.7.3. Light-Chain Type and Light-Chain Gene Usage

Light-chain type and light-chain gene usage were examined to determine
whether light-chain features were associated with immunization regimen, GT8 binding,
BLI outcome, KD, or single-point neutralization. Across the cloned mAb panel, kappa
light-chain usage was more frequent than lambda light-chain usage, with 81 of 106
mADbs (76.4%) using kappa light chains and 25 of 106 mAbs (23.6%) using lambda light
chains. Kappa predominance was observed across all three regimens, with kappa usage
detected in 32 of 44 R1 mAbs (72.7%), 16 of 21 R2 mAbs (76.2%), and 33 of 41 R3
mAbs (80.5%). However, the distribution of kappa versus lambda usage did not differ

significantly among regimens.

Specific light-chain gene usage was then compared across immunization
regimens (Table 4.4). Unlike light-chain type, light-chain gene distribution differed
significantly among regimens (Fisher-Freeman-Halton exact test, p = 0.0001). R1
showed greater usage of light-chain genes that were less prominent in R2 and R3,
including IGKV1-9, IGLV2-11, and IGKV2D-24. In contrast, R2 and R3 showed greater
usage of IGKV3D-7, which was not detected among R1 mAbs. Pairwise comparisons
showed that light-chain gene distribution differed significantly between R1 and R2 (p =
0.0001) and between R1 and R3 (p = 0.0001), whereas R2 and R3 did not differ
significantly (p = 0.1058). Thus, light-chain gene usage showed a regimen-associated

pattern, even though overall kappa versus lambda usage was similar across regimens.
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Table 4.4. Light-chain gene usage across immunization regimens.

Light-chain gene R1n (%) R2 n (%) R3 n (%)

IGKV1-6 10 (22.7%) 0(0.0%) 6 (14.6%)
IGKV3D-7 0(0.0%) 5 (23.8%) 11 (26.8%)
IGLV8-61 4 (9.1%) 2 (9.5%) 8 (19.5%)
IGKV1-9 9 (20.5%) 0 (0.0%) 3 (7.3%)

IGLV2-11 6 (13.6%) 0(0.0%) 0(0.0%)

IGKV1-17 0(0.0%) 3 (14.3%) 3 (7.3%)

IGKV2D-24 5 (11.4%) 0(0.0%) 0(0.0%)

Other 10 (22.7%) 11 (52.4%) 10 (24.4%)
Total 44 21 M

Light-chain gene usage was summarized for mAbs from each immunization regimen. Values indicate the number and
percentage of mAbs using each light-chain gene within each regimen. Low-frequency light-chain genes were grouped
as “Other.”

Light-chain type was next compared with binding and neutralization outcomes.
Kappa versus lambda usage was not significantly associated with GT8 ELISA binder
status, GT8 ELISA AUC, high-AUC GT8 binding, GT8 BLI binding outcome, KD, or
single-point neutralization outcome. Kappa usage was numerically more frequent among
mAbs that met the ELISA-derived BLI testing cutoff, but this comparison did not reach
statistical significance. Therefore, although light-chain gene distribution differed by
immunization regimen, light-chain type did not explain the major GT8 binding, BLI, KD,

or neutralization differences observed in the cloned mAb panel.

4.7.4. HCDR3 and LCDR3 Length

HCDR3 and LCDR3 lengths were examined to determine whether CDR length
differed among immunization regimens or was associated with GT8 ELISA binding, GT8
BLI binding, KD, or single-point neutralization outcomes. HCDR3 length was available
for all 107 mAbs. LCDR3 length was available for 106 mAbs, with one mAb excluded
from LCDR3 analyses because its LCDR3 sequence was only partially identified. Across
the mAb panel, the median HCDR3 length was 16 amino acids (IQR, 15-18; range, 6—
23), whereas the median LCDR3 length was 9 amino acids (IQR, 9-9; range, 7-11).

75



HCDR3 length differed significantly among immunization regimens (Figure 4.14).
The median HCDR3 length was 16 amino acids in R1 (n = 44; IQR, 15-19), 15 amino
acids in R2 (n = 22; IQR, 14-16), and 16 amino acids in R3 (n = 41; IQR, 15-18)
(Kruskal-Wallis test, p = 0.0222). Holm-adjusted pairwise comparisons showed that
HCDR3 length was significantly shorter in R2 than in R1 (adjusted p = 0.0223). HCDR3
length did not differ significantly between R1 and R3 or between R2 and R3. LCDR3
length did not differ significantly among regimens, with a median of 9 amino acids in R1,
R2, and R3 (Kruskal-Wallis test, p = 0.0715).
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Figure 4.14. HCDRS3 length across immunization regimens.

HCDRa3 length is shown for mAbs from R1, R2, and R3. R1 indicates GT8 prime/GT8 boost, R2
indicates GT8 prime/NVT boost, and R3 indicates NIK prime/NVT boost. The x-axis indicates
immunization regimen, and the y-axis shows HCDR3 length in amino acids. Magenta circles
represent R1 mAbs, green squares represent R2 mAbs, and purple triangles represent R3 mAbs.
Each point represents one mAb. Black horizontal lines indicate median values, and vertical
dashed lines separate the regimen groups.

HCDRS3 and LCDR3 lengths were then compared with GT8 ELISA binding
outcomes. Across the pooled mAb panel, HCDR3 length did not significantly distinguish
GT8 ELISA binders from non-binders, although non-binders showed a numerically
longer median HCDR3 length than binders (18 versus 16 amino acids; Mann-Whitney
test, p = 0.0851). LCDR3 length did not differ significantly between GT8 ELISA binders
and non-binders. Among GT8 ELISA binders, neither HCDR3 nor LCDR3 length was
significantly associated with GT8 ELISA AUC or high-AUC status in the pooled analysis.
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Although pooled GT8 ELISA analyses did not show a significant HCDR3-length
association, a significant R1-specific pattern was observed. Within R1, high-AUC GT8
ELISA binders had shorter HCDR3s than non-high-AUC binders, with median HCDR3
lengths of 15 and 18 amino acids, respectively (Mann-Whitney test, p = 0.0029). HCDR3
length also showed a weak but significant negative correlation with GT8 ELISA AUC
within R1 (Spearman r = -0.3145, p = 0.0425; Figure 4.15A). This pattern was not
observed significantly in R2 or R3. LCDR3 length was not significantly associated with
high-AUC status in R1, R2, or R3.

However, an R1-specific pattern was observed. Within R1, high-AUC GT8 ELISA
binders had shorter HCDR3s than non-high-AUC GT8 ELISA binders, with median
HCDR3 lengths of 15 and 18 amino acids, respectively (Mann-Whitney test, p = 0.0029).
HCDR3 length also showed a weak but significant negative correlation with GT8 ELISA
AUC within R1, indicating that shorter HCDR3s were associated with higher GT8 ELISA
AUC values (Spearman r = —0.3145, p = 0.0425; Figure 4.15A). This pattern was not
observed significantly in R2 or R3. LCDR3 length was not significantly associated with

high-AUC status in any regimen.
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Figure 4.15. HCDRS3 length and GT8 binding outcomes within R1.
(A) Relationship between HCDR3 length and GT8 ELISA AUC within R1. R1 indicates GT8
prime/GT8 boost. The x-axis shows HCDR3 length in amino acids, and the y-axis shows GT8
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ELISA AUC. Each purple open circle represents one R1 mAb. (B) HCDR3 length by GT8 BLI
outcome within R1. The x-axis shows GT8 BLI outcome, and the y-axis shows HCDR3 length in
amino acids. Green circles indicate GT8 BLI binders, and red circles indicate mAbs with no
measurable GT8 binding. Each point represents one mAb, horizontal lines indicate median
values, and the dashed vertical line separates outcome groups.

HCDR3 length was not significantly associated with KD among GT8 BLI binders
with determined KD values. HCDR3 length did not differ between low-KD and higher-KD
binders and was not significantly correlated with KD values. LCDR3 length also did not
differ significantly between low-KD and higher-KD binders. However, a nominal positive
correlation was observed between LCDR3 length and KD (Spearman r = 0.4607, p =
0.0409), suggesting that longer LCDR3s were associated with higher KD values among
GT8 BLI binders with determined KD values. This result was interpreted cautiously

because LCDR3 length showed very limited variation in this subset.

HCDR3 and LCDR3 lengths were also compared with single-point neutralization
outcomes. HCDRS length was not significantly associated with the = 20% follow-up
threshold, the three-category neutralization outcome, or single-point neutralization
magnitude against HIV-1-45 WT or HIV-1-45 K278T. LCDR3 length was also not
significantly associated with the = 20% follow-up threshold, WT or K278T neutralization
magnitude, or top-25% neutralization status. The three-category comparison for LCDR3
length approached but did not reach statistical significance (Kruskal-Wallis test, p =
0.0558).

Together, these analyses showed that HCDR3 length differed modestly among
immunization regimens, with shorter HCDR3s observed in R2 than in R1. However,
HCDR3 length was not consistently associated with GT8 ELISA binding, GT8 BLI
binding, KD, or single-point neutralization across the full cloned mAb panel. The
strongest HCDR3-associated pattern was restricted to R1, where shorter HCDR3s were
associated with higher GT8 ELISA AUC and measurable GT8 binding by BLI. In
contrast, LCDR3 length did not differ significantly among regimens and showed no
consistent association with binding or neutralization outcomes. Overall, CDR length
alone did not broadly explain differences in mAb binding or neutralization, although
shorter HCDR3 length may be linked to stronger GT8 binding within R1.
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4.7.5. Heavy- and Light-Chain CDR Sequence Features Associated
with Binding and Neutralization Outcomes

CDR amino-acid sequences were examined to determine whether recurrent
sequence motifs, shared residues, or broader amino-acid enrichment patterns were
associated with immunization regimen, GT8 ELISA binding, GT8 BLI binding, KD, or
single-point neutralization outcomes. This analysis included HCDR1, HCDR2, HCDR3,
LCDR1, LCDR2, and LCDR3 sequences. Motif analysis was first used to identify
repeated CDR sequence patterns and outcome-associated motif enrichment. Amino-
acid composition was then examined to determine whether broader residue classes,
including glycine/serine-rich, acidic, charged, aromatic, hydrophobic, or small-residue

features, differed across regimens or functional outcome groups.

Recurrent CDR sequence patterns were observed across the cloned mAb panel.
The most frequent shared sequences included the HCDR1 sequence GFTFSSYA, which
was present in 54 of 107 mAbs (50.5%), and the HCDR2 sequence ISGSGGST, which
was present in 35 of 107 mAbs (32.7%). Several recurrent HCDR3 sequences were also
identified, including ARDGGTTGTGYYFYYMDV in 15 of 107 mAbs (14.0%),
AKGGNRVYVMGDYYYYMDV in 14 of 107 mAbs (13.1%), and AKWDCSSTSCYAPDV
in 11 of 107 mAbs (10.3%). Recurrent light-chain CDR patterns were also detected,
including the LCDR2 sequence AAS in 42 of 107 mAbs (39.3%) and the LCDR3
sequence LQDYNYPRT in 10 of 107 mAbs (9.3%). These repeated sequences show
that the cloned panel contained recurrent CDR sequence families, particularly within
HCDRS.

The strongest sequence-pattern differences were associated with immunization
regimen. R1 was enriched for an HCDR3 sequence family related to
AKGGNRVYVMGDYYYYMDYV. This full HCDR3 sequence was detected in 14 of 44 R1
mAbs (31.8%) and was absent from R2 and R3 (Fisher exact test, p = 9.45 x 1077; BH-
adjusted q = 5.50 x 107®). Closely related overlapping motifs from the same HCDR3
family, including NRVY, RVYVM, YVYMGD, and MGDY, were detected in 16 of 44 R1
mADbs (36.4%) and were also absent from R2 and R3 (Fisher exact test, p = 9.61 x 1078,
BH-adjusted q = 8.82 x 107¢). R3 was enriched for a distinct HCDR3 sequence family
related to ARDGGTTGTGYYFYYMDV. This full HCDR3 sequence was detected in 12 of
41 R3 mAbs (29.3%) compared with 3 of 66 non-R3 mAbs (4.5%; Fisher exact test, p =
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0.0009; BH-adjusted q = 0.0110). Thus, the clearest CDR sequence differences were
regimen-associated and were driven primarily by distinct recurrent HCDR3 sequence
families in R1 and R3.

Sequence-pattern analysis did not identify a motif that significantly distinguished
GT8 ELISA binders from non-binders. The HCDR2 ISGSGGST/SGSGG sequence
family was present in some non-binders and was not significantly associated with GT8
ELISA binder status after correction for multiple testing. Among GT8 ELISA binders,
however, the exact HCDR2 sequence ISGSGGST was associated with higher GT8
ELISA AUC, with motif-positive mAbs showing a median AUC of 19.41 compared with
5.55 for mAbs lacking this motif (Mann-Whitney test, p = 0.00034; BH-adjusted q =
0.0265). Shorter related motifs within this HCDR2 sequence family showed similar
trends, but mAbs carrying only the shorter motifs were too few to support an
independent association. Using the high-AUC cutoff of GT8 ELISA AUC = 20.18,
ISGSGGST was also enriched among high-AUC binders, occurring in 15 of 25 high-AUC
binders (60.0%) compared with 19 of 73 non-high-AUC binders (26.0%; Fisher exact
test, p = 0.00327). The ISGSGGST sequence was not significantly enriched in a specific
immunization regimen, although it was numerically less frequent in R2. Thus,
glycine/serine-rich HCDR2 sequence patterns were associated with GT8 ELISA binding
magnitude among binders but did not determine GT8 ELISA binder status.

Targeted follow-up analysis was then used to determine whether the GT8 AUC-
associated HCDR2 glycine/serine-rich sequence family translated to BLI or
neutralization outcomes. This motif family did not significantly distinguish GT8 BLI
binders from mAbs with no measurable GT8 binding, and it was not associated with low-
KD status among GT8 BLI binders with determined KD values. However, the broader
HCDR2 SGG motif was associated with stronger single-point neutralization outcomes.
SGG was present in all 10 mAbs that reached the =2 20% threshold against both HIV-1-
45 WT and HIV-1-45 K278T, compared with 15 of 32 other neutralization-tested mAbs
(Fisher exact test, p = 0.0026). It was also present in all 9 mAbs in the top 25% for both
WT and K278T neutralization, compared with 16 of 33 mAbs outside this group (Fisher
exact test, p = 0.0060). These results suggest that the HCDR2 glycine/serine-rich
sequence family was linked most strongly to GT8 ELISA binding magnitude, with
supportive targeted evidence for association with stronger single-point neutralization, but
not with GT8 BLI binding outcome or KD.
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CDR amino-acid composition was then examined to determine whether broader
residue-level features supported the sequence-pattern analysis. This analysis
considered individual amino acids and amino-acid classes across HCDR1, HCDR2,
HCDR3, LCDR1, LCDR2, LCDR3, combined heavy-chain CDRs, combined light-chain
CDRs, and all CDRs combined.

Amino-acid composition differed significantly among immunization regimens, with
the strongest differences observed in heavy-chain CDRs. In HCDR3, glycine/serine
content and alanine/glycine/serine/threonine content differed by regimen and remained
significant after Benjamini-Hochberg correction (Kruskal-Wallis test, BH-adjusted q =
0.00020 for both features). R3 showed the highest median HCDR3 glycine/serine
content, whereas R2 showed the lowest. Additional regimen-associated differences were
detected in leucine and glutamic-acid content across combined CDRs and heavy-chain
CDRs, with higher median values in R2. Selected light-chain CDR features also differed
by regimen, including LCDR2 tyrosine/glycine/serine content (BH-adjusted g = 0.00026).
Thus, amino-acid composition varied by immunization regimen, with differences
involving both heavy- and light-chain CDRs, although the strongest sequence-pattern

findings were concentrated in heavy-chain CDRs.

Amino-acid composition did not significantly distinguish GT8 ELISA binders from
non-binders after correction for multiple testing. Among GT8 ELISA binders, however,
higher GT8 ELISA AUC was significantly associated with HCDR2 glycine/serine-rich
composition. Specifically, higher AUC correlated with greater glycine/serine content,
serine content, tyrosine/glycine/serine content, and alanine/glycine/serine/threonine
content within HCDR2 (Spearman correlation, BH-adjusted q = 0.0027 for each feature).
In contrast, higher charged amino-acid content across heavy-chain CDRs and higher
acidic amino-acid content across all CDRs were associated with lower GT8 ELISA AUC.
These residue-level findings support the motif analysis, in which the HCDR2
ISGSGGST/SGSGG sequence family was associated with stronger GT8 ELISA binding

magnitude among binders.

In contrast, amino-acid composition did not identify a feature that distinguished
GT8 BLI binders from mAbs with no measurable GT8 binding. Among GT8 BLI binders
with determined KD values, amino-acid composition also did not reveal a clear low-KD-

associated pattern. Light-chain CDR composition was examined across the same
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outcomes, but no robust LCDR amino-acid feature was associated with GT8 ELISA
binder status, GT8 ELISA AUC, GT8 BLI outcome, KD, or single-point neutralization

after correction for multiple testing.

Amino-acid composition was also compared with single-point neutralization
outcomes. Higher HIV-1-45 WT neutralization values were associated with lower heavy-
chain aspartate content (Spearman r = —-0.567), lower heavy-chain acidic amino-acid
content (Spearman r = -0.517), and lower LCDR3 arginine content (Spearman r =
-0.525). However, these features did not clearly distinguish mAbs that met the = 20%
neutralization threshold from those below the threshold and did not show the same
pattern for HIV-1-45 K278T. Thus, amino-acid composition was associated with WT
neutralization magnitude but did not define neutralization status across the single-point

assay.

Overall, CDR sequence-feature analysis showed that sequence differences were
most strongly associated with immunization regimen and GT8 ELISA binding magnitude.
Regimen-associated HCDR3 sequence families were identified in R1 and R3, but these
patterns were not clearly linked to binding or neutralization outcomes. Targeted follow-up
analyses also identified limited associations with stronger dual-virus single-point
neutralization and WT neutralization magnitude. However, CDR sequence features did

not define a single sequence signature for BLI binding, KD, or neutralization status.

4.7.6. Targeted Analysis of Sequence Features Within IGHV3-23-Using
mAbs

Because IGHV3-23 was the dominant VH gene in the cloned panel and was
associated with stronger GT8 ELISA binding magnitude in the broader analysis, IGHV3-
23-using mAbs were examined separately to determine whether additional sequence
features distinguished stronger from weaker functional outcomes within this VH gene
group. This targeted analysis included light-chain type, light-chain gene usage, HCDR3
and LCDR3 length, recurrent CDR motifs, and amino-acid composition. Functional
outcomes were examined sequentially, beginning with GT8 ELISA binder status,
followed by GT8 ELISA AUC, GT8 BLI binding outcome, KD, and single-point

neutralization outcomes.
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Within IGHV3-23-using mAbs, 62 of 66 mAbs were GT8 ELISA binders and only
4 were non-binders. Because the non-binder group was very small, binder-versus-non-
binder comparisons were treated as a screen for candidate features. HCDR3 length was
numerically longer among non-binders than binders, with median lengths of 19.5 and 15
amino acids, respectively, but this difference did not reach statistical significance (Mann-
Whitney test, p = 0.059). No other tested sequence feature significantly distinguished
IGHV3-23 GT8 ELISA binders from non-binders.

GT8 ELISA binding magnitude was then examined among the 62 IGHV3-23 GT8
ELISA binders, including 18 high-AUC and 44 non-high-AUC binders. The HCDR2
sequence ISGSGGST was associated with higher GT8 ELISA AUC, with median AUC
values of 19.41 for mAbs containing this sequence and 6.56 for those lacking it (Mann-
Whitney test, p = 0.0107). ISGSGGST was also more frequent among high-AUC
binders, occurring in 15 of 18 high-AUC mAbs compared with 19 of 44 non-high-AUC
mAbs (Fisher exact test, p = 0.00491). A related SGSGG-containing pattern showed the
same direction of association, but only three mAbs carried SGSGG without the full
ISGSGGST sequence, so the shorter motif was not interpreted as an independent

feature.

GT8 BLI outcomes were then examined within IGHV3-23 mAbs that were tested
by BLI. Among 43 IGHV3-23 mAbs tested against GT8, 18 showed measurable GT8
binding and 25 showed no measurable GT8 binding. GT8 BLI binders had higher GT8
ELISA AUC than mAbs with no measurable GT8 binding, with median AUC values of
25.58 and 9.16, respectively (Mann-Whitney test, p = 0.0070). Light-chain type differed
by GT8 BLI outcome within IGHV3-23 mAbs. Kappa light chains were used by 17 of 18
GT8 BLI binders compared with 16 of 25 mAbs with no measurable GT8 binding;
conversely, lambda light chains were used by 1 of 18 GT8 BLI binders compared with 9
of 25 mAbs with no measurable GT8 binding (Fisher exact test, p = 0.0284). A broader
SGSGG-containing HCDR2 pattern was more frequent among IGHV3-23 GT8 BLI
binders than among mAbs with no measurable GT8 binding, occurring in 16 of 18
binders compared with 12 of 25 mAbs with no measurable binding (Fisher exact test, p =
0.0088). This pattern was interpreted as an association with an HCDR2 glycine/serine-

rich sequence family within IGHV3-23 mAbs.
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Within IGHV3-23 mAbs, additional BLI-associated sequence features were
identified. HCDR2 GGR and GGGR motifs were enriched among mAbs with no
measurable GT8 binding. GGR was present in 1 of 18 GT8 BLI binders compared with
10 of 25 mAbs with no measurable binding (Fisher exact test, p = 0.0137), and GGGR
was present in 1 of 18 binders compared with 9 of 25 mAbs with no measurable binding
(p = 0.0284). In contrast, LCDR3 NSY/NSYP-containing motifs were enriched among
GT8 BLI binders, occurring in 7 of 18 binders compared with 1 of 25 mAbs with no
measurable binding (p = 0.0058). GT8 BLI binders also had lower charged amino-acid
content across heavy-chain CDRs than mAbs with no measurable binding, with median
values of 0.097 and 0.143, respectively (Mann-Whitney test, p = 0.0020). No sequence

features showed a clear association with KD values among IGHV3-23 GT8 BLI binders.

Single-point neutralization outcomes were examined within 26 IGHV3-23 mAbs
tested against HIV-1-45 WT and HIV-1-45 K278T. Of these, 10 mAbs reached the =
20% threshold against both viruses, 5 reached the threshold against K278T only, and 11
were below threshold against both viruses. Light-chain pairing was associated with the
K278T-only neutralization category, with lambda light chains present in 4 of 5 K278T-
only mAbs compared with 3 of 21 other neutralization-tested IGHV3-23 mAbs (Fisher
exact test, p = 0.0104). The lambda gene IGLV8-61 showed a similar association,
occurring in 3 of 5 K278T-only mAbs compared with 1 of 21 other mAbs (p = 0.0144).
LCDR3 length was also longer among K278T-only mAbs than among the other
neutralization-tested IGHV3-23 mAbs, with median lengths of 10 and 9 amino acids,
respectively (Mann-Whitney test, p = 0.00535). No other tested sequence feature

showed a significant association with neutralization outcome in this subset.
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Chapter 5. Discussion

5.1. Overview and Principal Findings

This study characterized mAb responses generated by three GT8-based
immunization regimens in human-antibody transgenic TRIANNI mice. The study
examined whether the recovered mAbs recognized GT8 and modified antigen variants,
retained binding to soluble monomeric antigen, showed detectable inhibition of HIV-1

pseudoviruses, and possessed sequence features associated with these outcomes.

Overall, all three regimens generated antigen-reactive mAbs, but no clear
regimen-level differences were identified across the major binding or single-point
neutralization outcomes. Nanoparticle ELISA reactivity did not consistently translate into
measurable monomeric binding by BLI, and monomeric GT8 binding status and KD did
not clearly distinguish mAbs with detectable HIV-1 inhibition. The recovered response
also did not follow the canonical VRCO1-class pathway, as no IGHV1-2-using mAbs
were identified. Instead, the response was dominated by IGHV3-23, with selected
binding and sequence features associated with stronger nanoparticle GT8 reactivity and
single-point HIV-1 inhibition. Despite representing a noncanonical response, selected
mAbs showed detectable HIV-1 inhibition, including weak concentration-dependent
neutralization by one mAb, indicating that the alternative antibody populations retained
potentially relevant functional activity. Together, these findings show that the GT8-based
regimens generated heterogeneous, noncanonical antibody responses with potentially
relevant binding and inhibitory properties. These findings provide a basis for determining
whether these alternative responses can be further guided toward native Env recognition

and bnAb-relevant activity.

5.2. Antigen Binding and Antigen Presentation Across
ELISA and BLI

5.2.1. ELISA Binding Profiles Across Immunization Regimens

ELISA screening showed that the cloned mAb panel contained high frequencies
of mAbs that bound nanoparticle-displayed GT8, NVT, and KO. Across all regimens,
91.6% of mAbs bound GT8, 90.7% bound NVT, and 86.9% bound KO. The sorting
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strategy was designed to enrich GT8-reactive memory B cells, and the high frequency of
GT8-binding mAbs suggests that this workflow was successful. The high frequency of
NVT binding in R2 and R3 was expected because both regimens included NVT as the
booster immunogen. However, the similarly high NVT binder frequency in R1 was
notable because these mice were immunized only with GT8 and were therefore not
exposed to the N276 glycan during immunization. A previous study found that mAbs
elicited by GT8 immunization retained binding to a GT8 antigen containing the N276
glycan, although binding was generally weaker in the presence of the glycan.® This
suggests that some GT8-¢elicited mAbs can possess an intrinsic capacity to tolerate
N276.% The R1 response may therefore have elicited antibodies with similar glycan
tolerance despite the absence of N276 from the immunization regimen. More broadly,
the high frequency of NVT binding across all three regimens indicates that many
recovered mAbs tolerated the N276-associated modification under the ELISA conditions
used. This tolerance may reflect intrinsic binding-site features, mutations acquired during
the immune response, or both. However, because mutation levels relative to inferred
germline sequences were not analyzed, NVT binding alone cannot establish that these
antibodies underwent maturation specifically associated with N276 accommodation. The
high KO binder frequency was unexpected because the GT8*/KO™ sorting strategy was
designed to select memory B cells that bound GT8 but not KO. This suggests that the
recovered mAbs may recognize antigenic surfaces retained on the KO nanoparticle,
including off-target regions outside the CD4bs or epitopes that overlapped only partly
with the disrupted site. Off-target recognition is plausible because previous GT8 studies
have shown that GT8 can elicit antibodies against surfaces outside the intended VRCO01-
class epitope.®® However, assay-related factors may also have contributed to the
observed KO binding.

Binder frequencies were high across all regimens and did not differ significantly
by antigen or regimen, indicating that each immunization strategy produced recoverable
antigen-reactive mAbs. However, several consistent trends were observed. R1 had the
highest observed binder frequency for each antigen, whereas R2 had the lowest. The R1
pattern may reflect repeated exposure to the same GT8-based nanoparticle, which
would be expected to favour the continued selection and recovery of antibodies capable
of recognizing that antigen. This is consistent with the general principle that antigen re-

exposure can expand or recall antigen-specific memory B-cell responses.®”:%
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Regimen-level binding magnitude also did not differ significantly, but similar
patterns were observed. R2 had the lowest median AUC values for all three antigens,
whereas R3 had the highest median AUC values for NVT and KO. High-AUC binders,
defined using the antigen-specific 75th percentile, were found in all three regimens and
did not differ significantly in frequency. However, R3 had the highest observed frequency
of high-AUC binders for each antigen, whereas R2 had the lowest.

Although these observations did not reach statistical significance, the consistent
patterns across binder frequency, median AUC, and high-AUC binder frequency could
suggest that the recovered mAb populations were not identical across immunization
regimens. The limited and unequal sample sizes may have reduced the ability to detect
significant differences, as only 22 R2 mAbs were tested compared with 44 in R1 and 41
in R3. These observations could point to the NIK/NVT regimen shifting the recovered
mAb response toward stronger NVT and KO ELISA reactivity, while the GT8/NVT
regimen may have shifted the response toward weaker ELISA reactivity. However, these
interpretations remain speculative because the observed differences were not

statistically significant and may have been influenced by sample size.

5.2.2. Monomeric GT8 and KO Binding by BLI

BLI was used to determine whether mAbs that met the ELISA-derived testing
cutoff retained concentration-dependent binding to soluble monomeric GT8 and KO
outside the nanoparticle format. NVT was not included because sufficient purified
antigen was unavailable during the testing period. Among the 42 mAbs that met the
ELISA-derived BLI prioritization cutoff of a blank-corrected OD 2 0.4 at the highest
antibody concentration, 25 showed measurable monomeric GT8 binding, whereas 17

showed no measurable GT8 binding.

Monomeric GT8 binders were recovered from all three regimens. GT8 binding
was expected in R1 and R2 because both regimens included GT8 as the priming
immunogen, with R1 also receiving GT8 as the boost. Recovery of GT8-binding mAbs
from R3 was also consistent with the close similarity among the immunogens, because
NIK and NVT are GT8 variants that differ only at residues surrounding position 276. The
remaining antigen sequence is shared with GT8, so antibodies elicited by NIK and NVT

are expected to retain substantial cross-reactivity with GT8.
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Among the cutoff-positive mAbs tested by BLI, R2 had the highest observed
frequency of GT8 binders, with 4 of 5 mAbs showing measurable binding, compared with
14 of 24 in R1 and 7 of 13 in R3. This pattern could suggest that a greater proportion of
R2 mAbs that bound GT8 by ELISA also recognized soluble monomeric GT8
independently of multivalent nanoparticle presentation. However, the difference among
regimens was not statistically significant, and the R2 binder frequency was based on
only five tested mAbs. Interpretation was further limited by the 14 cutoff-positive mAbs
that remained untested, including nine from R3, meaning that the final regimen-level
proportions could change substantially. The current data therefore cannot establish that
the R2 immunization, consisting of GT8 priming followed by an NVT boost, was more

effective than the other regimens at eliciting monomeric GT8 binders.

KD values were determined for 20 GT8 binders, including 13 from R1, 4 from R2,
and 3 from R3. Affinities ranged from 1.8 to 110 nM, indicating that the recovered GT8-
binding population was heterogeneous rather than characterized by a single affinity
profile. This variability could reflect differences in antibody lineage, binding mode,
degree of affinity maturation, or a combination of these factors, although KD values
alone cannot distinguish among these possibilities. The recovery of several low-
nanomolar binders suggests that the immunization regimens could generate mAbs with
relatively strong recognition of soluble monomeric GT8, demonstrating that binding by

these mAbs did not depend on multivalent nanoparticle presentation.

R1 showed the lowest median KD and contained 4 of the 5 mAbs that fell within
the low-KD quartile, defined as the 25% of binders with the lowest KD values in the
current dataset. This pattern could suggest that repeated exposure to GT8 favored the
recovery of stronger GT8-binding antibodies. However, neither KD distributions nor low-
KD binder frequencies differed significantly among regimens. Interpretation was further
limited by the small and unequal numbers of mAbs with determined KD values,
particularly in R2 and R3. This limitation was especially pronounced for R3 because
several mAbs showed measurable concentration-dependent GT8 binding but did not
produce curves that could be fit reliably. The current data therefore does not establish
that homologous GT8 priming and boosting produced higher-affinity monomeric GT8

binders than the heterologous immunizations.
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In contrast, none of the tested mAbs showed measurable binding to monomeric
KO by BLI, including all 25 GT8 binders. This differed from the high KO-binding
frequency observed by nanoparticle ELISA. A similar antigen-format-dependent
reduction in KO binding was observed for the mature VRC01 bnAb, which bound
nanoparticle KO but showed only low-level binding to monomeric KO by ELISA. This
pattern suggests that the KO mutations weakened CD4bs-dependent binding without
eliminating all residual interaction. When KO was displayed at high density on the
nanoparticle, simultaneous engagement of multiple KO copies and repeated rebinding
may have increased avidity enough to produce a detectable ELISA signal. The binding
of VRCO1 to nanoparticle KO is consistent with this interpretation. Thus, KO reactivity by
ELISA does not necessarily indicate recognition of an off-target surface outside the
CD4bs. For the recovered mAbs, measurable binding to monomeric GT8 but not
monomeric KO is consistent with recognition of an epitope affected by the CD4bs-
disrupting substitutions and therefore supports the possibility of CD4bs-directed binding.
However, this pattern does not establish CD4bs specificity because direct epitope-

mapping and competition experiments were not performed.

5.2.3. Differences Between ELISA and BLI Binding

ELISA binding did not consistently translate into measurable monomeric GT8
binding by BLI. Among the 42 mAbs that met the ELISA-derived BLI testing cutoff, 25
bound monomeric GT8, whereas 17 showed no measurable GT8 binding. This

discordance likely reflects differences in antigen format and assay configuration.

In ELISA, GT8 was displayed multivalently on a lumsyn nanoparticle immobilized
on the plate, the antibodies were tested across a dilution series, and binding was
detected using an HRP-amplified signal. ELISA AUC therefore reflects the entire
antibody concentration—response curve and can be influenced by the maximum signal,
the rate at which signal decreases with dilution, antigen density, avidity, and signal
amplification. The multivalent format may also have increased the detection of
interactions that would be weaker against monomeric antigen. Repeated presentation of
GT8 on the 60mer nanoparticle creates a high local epitope density and may permit
bivalent engagement of adjacent antigen copies by an IgG, thereby increasing avidity
and promoting antibody retention during washing. HRP-based amplification may further

enhance weak signals by allowing relatively small amounts of retained antibody to
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produce a detectable optical-density response. ELISA could therefore detect weak or
avidity-supported interactions that might not remain measurable when GT8 was

presented as a soluble monomer.

In BLI, the mAbs were tested against soluble monomeric GT8 rather than
nanoparticle-displayed antigen. This format did not provide the avidity associated with
repeated antigen presentation and did not use enzyme-based signal amplification.
Measurable BLI binding therefore required a concentration-dependent interaction with

monomeric GT8 under the conditions tested.

These assay differences may explain why ELISA AUC and BLI outcome were not
directly related. A high ELISA AUC could reflect persistent reactivity to densely displayed
nanoparticle antigen, potentially supported by avidity and amplified detection, without
necessarily indicating measurable recognition of soluble monomeric GT8. Conversely,
an mAb with a lower ELISA AUC could still bind monomeric GT8 by BLI if it produced a
strong ELISA signal at high antibody concentrations but lost signal rapidly upon dilution.
Because the antibody was held at a fixed loading concentration during BLI while the
antigen was titrated, BLI did not reproduce the antibody concentration—response

relationship summarized by ELISA AUC.

The BLI testing cutoff was therefore not based on ELISA AUC. Instead, mAbs
were prioritized using a blank-corrected ELISA optical density of at least 0.4 at the
highest antibody concentration tested. This cutoff served as a practical screening
criterion for identifying mAbs with sufficient detectable reactivity to the immunogen for
subsequent analysis, rather than as a predictor of monomeric binding or affinity.
However, this approach also represents a limitation because the cutoff was derived from
a single high-concentration measurement obtained using a sensitive, multivalent
nanoparticle ELISA format. It may therefore have prioritized some mAbs whose reactivity
depended on avidity, antigen density, or amplified detection and did not translate into
measurable monomeric binding. Nevertheless, the cutoff was appropriate for the
intended purpose of broadly screening whether the recovered mAbs recognized the
immunogen. BLI then provided a separate assessment of whether this nanoparticle

ELISA reactivity was retained against soluble monomeric GT8.
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5.3. Neutralization Outcomes and Their Relationship to
Binding

The single-point neutralization screen identified 20 of 42 mAbs that reached the
>20% follow-up threshold against at least one HIV-1-45 pseudovirus at 50 ug/mL.
However, these findings should be interpreted as detectable inhibition at the screening
concentration rather than confirmed neutralizing activity. Testing at a single antibody
concentration does not demonstrate a concentration-dependent response or permit
determination of neutralization potency. In addition, apparent inhibition was observed
against VSV-IND in the bnAb controls and in both blank wells, indicating that moderate
single-point values could be influenced by background variability or assay interference.
The = 20% threshold was therefore appropriate as an operational criterion for identifying

mADbs for further testing, but not as evidence of confirmed neutralization.

No significant differences in single-point neutralization outcome were detected
among the three immunization regimens. Similar proportions of mAbs from R1, R2, and
R3 reached the follow-up threshold, and the distribution of mAbs classified as both-virus,
K278T-only, or below threshold also did not differ among regimens. These findings
provide no evidence within the tested panel that one immunization sequence generated
greater neutralization activity than the others. However, the screened panel was
determined partly by antibody availability and contained unequal numbers of mAbs from
each regimen, particularly the small number from R2. The absence of significant
regimen-level differences should therefore not be interpreted as demonstrating that the

regimens produced equivalent neutralizing responses.

A consistent difference was observed between the two HIV-1-45 pseudoviruses.
Single-point neutralization values were significantly higher against HIV-1-45 K278T than
against HIV-1-45 WT, and more mAbs reached the follow-up threshold against K278T.
Among the 20 threshold-positive mAbs, 10 reached the threshold against both viruses
and 10 reached it against K278T only, whereas no mAbs were classified as WT only. All
mADbs that reached the threshold against WT also reached it against K278T. The positive
correlation between WT and K278T neutralization values indicates that mAbs producing
greater inhibition of one virus generally also produced greater inhibition of the other.
However, the trend of higher K278T values suggests that the K278T virus was more

sensitive to inhibition by the tested mAbs under the assay conditions.
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The greater inhibition of HIV-1-45 K278T suggests that introduction of the N276
glycan did not prevent recognition by the mAbs that showed detectable HIV-1 inhibition.
All mAbs that reached the follow-up threshold against WT also reached it against K278T,
whereas no WT-only mAbs were identified. This pattern is consistent with the possibility
that at least some of the recovered mAbs possessed an intrinsic capacity to
accommodate the N276 glycan or had acquired antibody features that permitted
recognition in its presence. Accommodation of N276 is an important feature acquired
during the maturation of CD4bs-directed antibody lineages, although the present data do
not establish that the recovered mAbs were CD4bs-directed or that glycan

accommodation resulted from somatic hypermutation.

The presence of 10 K278T-only mAbs suggests preferential inhibition of the
N276-containing virus by a subset of the recovered mAbs. However, because this
classification was based on an operational 20% threshold, some mAbs may have shown
activity against both viruses but crossed the threshold only against K278T. The single-
point results therefore do not establish glycan-dependent neutralization. Serial dilution

testing would be required to determine whether the K278T-only pattern is reproducible.

The relationship between immunogen binding and single-point neutralization was
also dependent on the binding measurement examined. GT8 and NVT ELISA AUC
values were positively associated with K278T neutralization in the pooled analysis,
whereas neither measure was significantly associated with WT neutralization. Among
the mAbs that reached the follow-up threshold, those classified in the both-virus group
also had significantly higher GT8 and NVT AUC values than those classified as K278T
only. These patterns suggest that stronger or more persistent ELISA reactivity to the
GT8-based immunogens was associated with greater inhibition of K278T and with the

ability to reach the follow-up threshold against both related pseudoviruses.

However, ELISA AUC alone was not sufficient to identify mAbs with single-point
neutralization activity. As discussed previously, AUC reflects the overall antibody
concentration—response profile against nanoparticle-displayed immunogen and is not a
direct measure of affinity or viral inhibition. The antigen presented in the ELISA also
differed from the antigen encountered during neutralization. GT8 and NVT were
displayed multivalently on lumsyn nanoparticles, whereas neutralization required

recognition of Env trimers presented on the surface of the pseudovirus. Binding to a
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nanoparticle immunogen may not translate directly to viral inhibition because the
corresponding antibody-binding surface may be presented differently or may be less
accessible on viral Env. Higher GT8 or NVT AUC values may therefore reflect stronger
or more persistent immunogen binding, but they cannot alone determine whether a mAb
will inhibit HIV-1.

The positive association between NVT ELISA AUC and HIV-1-45 K278T
inhibition is notable because NVT binding assesses recognition of an immunogen
containing the N276 glycan, whereas the K278T substitution introduces the N276
glycosylation motif into the pseudovirus Env. This association may therefore suggest
that mAbs with stronger NVT reactivity were more likely to retain recognition when N276
was present on the viral Env. However, GT8 AUC was similarly associated with K278T
inhibition even though GT8 lacks the N276 glycan. The relationship may therefore reflect
stronger overall reactivity to the GT8-based immunogens rather than a specific capacity
to accommodate N276. In addition, binding to nanoparticle-displayed NVT does not
directly establish recognition of the N276-containing Env presented on the pseudovirus.
The observed association is therefore consistent with, but does not demonstrate, N276

glycan accommodation.

In contrast to the ELISA findings, neither GT8 BLI binding status nor GT8 KD
was significantly associated with single-point neutralization outcome. A greater
proportion of GT8 BLI binders reached the follow-up threshold than mAbs with no
measurable GT8 binding, and neutralization values were numerically higher among BLI
binders, particularly against K278T. However, these differences did not reach statistical
significance. KD values also did not differ significantly between threshold-positive and
below-threshold mAbs and were not correlated with neutralization against either
pseudovirus. Thus, within the tested panel, neither measurable monomeric GT8 binding

nor stronger GT8 KD values clearly distinguished mAbs with detectable HIV-1 inhibition.

This lack of association likely reflects the different antigen formats evaluated by
BLI and neutralization. BLI measured binding to monomeric GT8, whereas neutralization
required recognition of Env presented on the pseudovirus surface. The corresponding
antibody-binding surface may differ in accessibility or presentation between monomeric
GT8 and viral Env. A mAb could therefore bind monomeric GT8 with a relatively low KD

without showing measurable HIV-1 inhibition. Conversely, apparent inhibition by mAbs
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with no measurable GT8 binding by BLI may reflect recognition not adequately captured
by monomeric GT8 or variability in the single-point neutralization screen. These findings
do not indicate that affinity is unimportant for neutralization, but rather that affinity for

monomeric GT8 alone did not determine whether a mAb inhibited HIV-1.

Serial dilution analysis provided a more stringent assessment of the two mAbs
tested. 10285 clI39 showed concentration-dependent inhibition of both HIV-1-45
pseudoviruses and reached 50% neutralization against K278T, with an 1C50 of 43.3
Mg/mL. Against WT, neutralization approached but did not reach 50% at the highest
concentration tested, resulting in an IC50 of > 50 yg/mL. These findings support weak
neutralizing activity, with greater activity against K278T than WT. In comparison, 8886
cl92 showed weaker inhibition and did not reach 50% neutralization against either
pseudovirus. Neither mAb showed concentration-dependent inhibition of VSV-IND,
supporting the interpretation that the HIV-1 inhibition observed in the serial dilution

assays was not due to nonspecific inhibition.

The different outcomes of these two mAbs were consistent with the observation
that stronger monomeric GT8 affinity did not correspond to greater neutralization in the
tested panel. Both mAbs bound monomeric GT8 and showed no measurable binding to
monomeric KO, yet 8886 cl92 had the lower GT8 KD despite showing weaker HIV-1
inhibition. In contrast, 10285 cl39 had higher GT8 and NVT ELISA AUC values and was
the only one of the two mAbs to reach 50% neutralization. This pattern is consistent with
the positive associations observed between ELISA AUC and K278T inhibition in the
single-point panel. However, because only two mAbs were evaluated by serial dilution,
their differing binding and neutralization profiles cannot establish that ELISA binding
magnitude predicts neutralization or identify the features responsible for the activity of
10285 cl39.

5.4. Sequence Features and Alternative Antibody
Responses

Sequence analysis showed that the recovered antibody response did not follow
the canonical VRCO01-class pathway targeted by GT8. VRCO01-class antibodies are
defined by IGHV1-2 usage together with compatible light-chain features that permit

recognition of the CD4bs and eventual accommodation of the N276 glycan. However,
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none of the cloned mAbs in the present study used IGHV1-2. The recovered panel
therefore did not contain canonical VRCO01-class antibodies, despite the use of GT8-
based immunogens designed to activate this class of naive B-cell precursor. Instead, the
response was dominated by IGHV3-23, which accounted for more than half of the
cloned mAbs and was the most frequently used VH gene in all three immunization

regimens.

Previous studies have also shown that GT8 can recruit antibody responses that
do not follow the canonical VRCO01-class pathway.®® The predominance of IGHV3-23 in
the present study may therefore reflect recruitment and expansion of alternative GT8-

reactive B-cell lineages within the repertoire available in the TRIANNI mice.

The absence of IGHV1-2 antibodies cannot be attributed to a single cause from
the current data. Compatible VRCO01-class precursors may have been absent or present
at very low frequency in the TRIANNI mice used, allowing more abundant non-IGHV1-2
B-cell populations to dominate the response. It is also possible that IGHV1-2-expressing
cells were present but were outcompeted during expansion or were not recovered
through the antigen-specific sorting and cloning workflow. Although TRIANNI mice
express human immunoglobulin variable-region genes, the frequency and composition
of specific precursor populations may not reproduce the human naive B-cell repertoire.
The present findings therefore show that canonical VRC01-class mAbs were not
recovered, but do not establish whether compatible VRCO1-class precursors were

entirely absent from the mice.

The predominance of IGHV3-23 indicates that an alternative response was
repeatedly recruited across the three regimens. However, IGHV3-23 usage was not
simply associated with whether a mAb bound GT8. IGHV3-23 did not significantly
distinguish GT8 ELISA binders from non-binders and did not distinguish monomeric GT8
BLI binders from mAbs with no measurable GT8 binding. In contrast, among GT8 ELISA
binders, IGHV3-23 mAbs had significantly higher GT8 AUC values than mAbs using
other VH genes. IGHV3-23 was also enriched among mAbs that met the ELISA-derived
cutoff used to prioritize BLI testing. These findings suggest that IGHV3-23 usage was
associated more strongly with the magnitude of nanoparticle GT8 reactivity than with the

presence or absence of GT8 binding itself.
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The relationship between IGHV3-23 usage and GT8 ELISA AUC was not uniform
across immunization regimens. The significant pooled association appeared to be driven
primarily by R3, in which IGHV3-23 mAbs had substantially higher GT8 AUC values than
mADbs using other VH genes. This suggests that the relationship between IGHV3-23
usage and nanoparticle GT8 binding magnitude may have depended on the
immunization regimen or on the IGHV3-23 antibody populations expanded within R3. R3
differed from the other regimens by using NIK for priming and NVT for boosting, and
these antigen exposures may have favoured the expansion of IGHV3-23 mAbs with
stronger nanoparticle GT8 reactivity. This does not indicate that R3 generated a greater
overall proportion of IGHV3-23 mAbs, but rather that the IGHV3-23 mAbs recovered
from R3 may have had different binding properties from R3 mAbs using other VH genes.

IGHV3-23 usage was associated with stronger single-point HIV-1 inhibition.
IGHV3-23 mAbs had significantly higher inhibition values against both HIV-1-45 WT and
HIV-1-45 K278T than mAbs using other VH genes. All mAbs that reached the follow-up
threshold against both pseudoviruses used IGHV3-23, and all mAbs within the top 25%
of inhibition values for both viruses also used IGHV3-23. However, IGHV3-23 mAbs did
not have significantly lower GT8 KD values than mAbs using other VH genes. Together,
these findings suggest that IGHV3-23 usage was associated with stronger inhibition
across the paired HIV-1-45 pseudoviruses, and that this association was not explained
by greater measured affinity for monomeric GT8. The single-point assay does not,

however, establish confirmed neutralization potency.

The distribution of individual light-chain genes differed significantly among the
immunization regimens. R1 showed greater usage of several light-chain genes that were
less prominent in R2 and R3. In contrast, R2 and R3 showed greater usage of IGKV3D-
7, which was not detected among R1 mAbs, and had more similar overall light-chain
gene distributions. This pattern suggests that the different immunization sequences
expanded distinct antibody populations despite their use of related GT8-based
immunogens. The similarity between R2 and R3 may be related to their shared NVT
boost, whereas the distinct R1 profile may reflect repeated exposure to GT8. However,
these regimen-associated patterns do not establish that individual light-chain genes

were directly selected by a particular immunogen.
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HCDR3 length differed by immunization regimen, with shorter HCDR3s observed
in R2 than in R1. Within R1, shorter HCDR3s were associated with both higher GT8
ELISA AUC and measurable monomeric GT8 binding by BLI. This suggests that, within
the repeated GT8 immunization regimen, antibodies with shorter HCDRS3 loops may
have approached or engaged GT8 more effectively than antibodies with longer HCDR3s.
Shorter loops may have reduced steric interference or supported a binding orientation
more compatible with GT8 engagement. However, because the same relationship was
not observed in R2, R3, or the pooled antibody panel, shorter HCDR3 length was not
sufficient on its own to explain stronger GT8 binding. Its effect likely depended on the
surrounding heavy-chain sequence, light-chain pairing, or the antibody populations

expanded in R1.

Among GT8 BLI binders, longer LCDR3s were associated with higher KD values,
suggesting that longer light-chain CDR3 loops may have been less favourable for strong
monomeric GT8 binding in this subset. Longer LCDR3s may have introduced greater
steric interference or supported a less favourable orientation for GT8 engagement.
However, LCDR3 length varied over a narrow range, and the association was based on
a small number of BLI binders. It should therefore be viewed as a possible structural

trend rather than evidence that LCDR3 length directly determined affinity.

R1 and R3 contained different recurrent HCDR3 sequence families. The R1-
associated family was not detected in R2 or R3, whereas the R3-associated family was
much less frequent in R1 and R2. This suggests that the different immunization
sequences expanded distinct antibody populations. However, these HCDR3 families
were not clearly associated with stronger GT8 binding or single-point HIV-1 inhibition.
Their enrichment therefore appears to reflect regimen-specific expansion of particular
antibody families rather than a sequence feature that consistently provided a functional

advantage.

The association between glycine/serine-rich HCDR2 features and stronger GT8
ELISA binding suggests that the composition of HCDR2 may have contributed to
productive engagement of GT8. Glycine can increase conformational flexibility, whereas
glycine and serine provide small side chains that limit steric bulk within antigen-binding
loops.?*-1°1 Their enrichment may therefore have allowed HCDR2 to adopt a

conformation or approach more compatible with the GT8 surface. This interpretation is
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consistent with the association of the recurrent ISGSGGST sequence with higher GT8
ELISA AUC and its enrichment among high-AUC binders. However, structural studies
would be required to determine whether this sequence directly altered HCDR2 flexibility

or its interaction with GT8.

However, the ISGSGGST sequence was not associated with GT8 BLI binding or
KD, indicating that it was not a general determinant of GT8 recognition or affinity. Its
association with ELISA AUC may therefore have been specific to recognition of
nanoparticle-displayed GT8, potentially because the sequence supported a binding
mode that benefited from the multivalent antigen format. Alternatively, its effect may
have depended on compatible surrounding heavy-chain residues and light-chain pairing.
The higher ELISA AUC associated with ISGSGGST should therefore be interpreted as a
feature of the complete antibody and assay context, rather than as an independent effect

of the HCDR2 sequence alone.

The targeted analysis within IGHV3-23 mAbs supported the importance of
combined heavy- and light-chain features. Within this dominant VH group, measurable
monomeric GT8 binding was associated not only with a glycine/serine-rich HCDR2
pattern, but also with kappa light-chain usage, selected LCDR3 motifs, and lower
charged-residue content across the heavy-chain CDRs. Lower charge and greater
glycine/serine content may together have produced a less bulky or more
conformationally adaptable antigen-binding surface, although these structural effects
were not directly tested. The association with selected light-chain features further
suggests that productive GT8 recognition depended on the complete paired antigen-

binding site rather than on IGHV3-23 or the HCDR2 sequence alone.

Different light-chain features were associated with the K278T-only single-point
inhibition category, including lambda usage, IGLV8-61, and longer LCDR3s. This pattern
raises the possibility that a distinct subset of IGHV3-23 antibodies used alternative light-
chain-mediated binding configurations that were more compatible with inhibition of
K278T than WT. However, only 5 IGHV3-23 mAbs were included in the K278T-only
group, and the activity was identified using a single-point assay. These features should
therefore be considered candidate characteristics of this subgroup rather than

established determinants of preferential K278T inhibition.
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5.5. Study Limitations

Several limitations should be considered when interpreting the findings of this
study. First, the number of recovered mAbs was relatively small and unequal across the
three immunization regimens. Differences in the numbers of mice, sorted B cells,
successfully recovered antibody sequences, and purified mAbs contributed to unequal
sample sizes throughout the study. Statistical power was further reduced when mAbs
were divided according to regimen, binding profile, sequence feature, or neutralization
outcome. This limited the interpretation of regimen-level differences, associations
between binding and neutralization, and sequence features identified within smaller
subgroups, including the targeted IGHV3-23 analyses. The absence of significant
differences therefore does not demonstrate that the compared groups generated
equivalent responses, whereas numerical differences and subgroup associations should
be interpreted as patterns within the recovered panel rather than definitive evidence of

biological differences.

The recovered mAb panel may not fully represent all antigen-specific antibodies
generated by each regimen. Not every sorted B cell yielded recoverable paired heavy-
and light-chain sequences, and not every recovered antibody could be successfully
expressed and purified. Antibody availability also determined which mAbs could be
evaluated by BLI and neutralization. The resulting panel was therefore shaped by
sequence-recovery and antibody-production efficiency and may have excluded antigen-
specific antibodies that were present in the immunized mice but could not be recovered

or produced in sufficient quantities for analysis.

The use of TRIANNI mice represents an additional limitation. Although these
mice provide access to a human immunoglobulin variable-gene repertoire, they do not
fully reproduce the frequency, composition, selection, or maturation of human B-cell
populations. This limitation, together with the available data, prevents determination of
whether compatible VRCO01-class precursors were absent, present at very low
frequency, outcompeted by other B-cell populations, or not recovered through the
experimental workflow. The absence of canonical VRCO01-class mAbs should therefore
not be interpreted as evidence that the GT8-based immunogens or immunization

regimens were unable to elicit a VRCO01-class response, because this outcome may
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instead have reflected the availability or recovery of compatible precursor B cells within
the TRIANNI model.

The neutralization analysis was exploratory. Most mAbs were evaluated at a
single concentration against only two related HIV-1-45 pseudoviruses, and the = 20%
threshold was intended to identify candidates for follow-up rather than confirm
neutralizing activity or potency. Only two mAbs were subsequently tested across serial
dilutions, leaving the activity of the remaining single-point candidates unresolved. The
restricted virus panel also prevented assessment of neutralization breadth and did not
establish whether the greater inhibition of K278T would extend to unrelated N276-

containing viruses.

Finally, the binding sites of the recovered mAbs were not directly determined.
Binding to monomeric GT8 but not monomeric KO is consistent with recognition of a
surface affected by the KO substitutions, but it does not establish CD4bs specificity.
Consequently, the IGHV3-23-dominated response cannot currently be classified as
either noncanonical CD4bs-directed or directed toward another GT8 surface. Direct
epitope-mapping or competition studies would be required to distinguish between these

possibilities.

5.6. Future Directions

Future studies should build on the immunization strategies evaluated in this study
by introducing a third immunization with a native-like Env trimer. The purpose of this
experiment would be to determine whether the antibody responses generated by the
GT8-based prime and boost regimens can be advanced beyond recognition of
engineered outer-domain immunogens toward recognition of the CD4bs in the structural
context of the HIV-1 Env spike. Because no clear regimen-level differences were
detected in the present study, the findings do not identify a single immunization
sequence that should be preferentially advanced. A future experiment could therefore
compare the addition of a native-like trimer boost across the different prime—boost

regimens.

GT8 is an engineered outer-domain immunogen containing the CD4bs, but it is

not a native-like Env trimer. Binding to GT8 therefore does not necessarily translate into
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recognition of the CD4bs on trimeric Env, where antibody access is influenced by
surrounding glycans, Env conformation, and quaternary structure. Recognition of the
CD4bs in this native-like context is important for neutralization.’”:1% A trimer boost
would therefore test whether the recovered responses can be advanced beyond binding
to engineered outer-domain immunogens or whether additional intermediate

immunogens are required.

Comparison with the current antibody panel would help determine whether the
additional boost improves native-like Env recognition, N276 accommodation, and HIV-1
neutralization. Neutralization would be particularly important for establishing whether
improved antigen binding translated into greater antibody function. Improved Env binding
and stronger or broader neutralization following the trimer boost would support continued
development of this sequential immunization approach. In contrast, limited improvement
would suggest that the antigenic transition to native-like Env was too large and that
additional intermediate immunogens may be required to guide the response toward
bnAb development. These outcomes would help determine how the immunization

sequence should be advanced or modified.

5.7. Significance and Conclusions

This study showed that GT8-based immunization in TRIANNI mice generated
diverse antibody responses but did not recover the intended canonical VRCO01-class
antibodies. Instead, the response was dominated by alternative IGHV3-23-using
antibodies with distinct binding, sequence, and single-point inhibition profiles. Selected
binding and sequence features were associated with stronger HIV-1 inhibition, but these
relationships were not consistent across all measurements. This heterogeneity suggests
that greater inhibitory activity may have arisen through different combinations of binding,
affinity, and sequence properties, such that a feature associated with activity in one

antibody population was not necessarily shared by another.

These findings support previous evidence that GT8-based immunogens can
recruit noncanonical antibody responses.®® In the present study, the absence or low
frequency of compatible VRCO01-class precursors within the available TRIANNI
repertoire may have contributed to the expansion of an alternative response dominated

by IGHV3-23 rather than IGHV1-2. These alternative responses should not automatically
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be considered irrelevant, because selected mAbs showed monomeric antigen binding
and detectable HIV-1 inhibition, including weak concentration-dependent neutralization
by one mAb. The identification of an IGHV3-23-dominated response broadens
understanding of the antibody pathways that can emerge following GT8-based
immunization and highlights the importance of determining whether alternative antibody

populations can progress toward native Env recognition and improved neutralization.

Overall, this work provides a detailed characterization of the relationships among
antibody binding, affinity, sequence features, and HIV-1 inhibition following GT8-based
immunization. It shows that binding to engineered GT8-based immunogens does not by
itself establish that the elicited response can progress toward recognition of native-like
Env or effective neutralization. The findings also identify alternative antibody populations
with potentially relevant binding and inhibitory properties, providing a basis for
determining whether these responses can be further guided toward native Env
recognition and bnAb-relevant activity. More broadly, this study informs the refinement of
sequential immunization strategies by showing that binding to engineered GT8-based
immunogens did not consistently translate into monomeric antigen binding or HIV-1
inhibition. These findings highlight the need for future studies to determine whether the
elicited antibody responses can progress toward recognition of native-like Env trimers

and improved HIV-1 neutralization.
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