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SUMMARY

HIV gp120 engineered outer domain germline-targeting version 8 (eOD-GT8) was designed
specifically to engage naive B cell precursors of VRCO1-class antibodies. However, the frequency
and affinity of naive B cell precursors able to recognize eOD-GT8 have been evaluated only

in U.S. populations. HIV infection is disproportionally concentrated in sub-Saharan Africa, so
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we seek to characterize naive B cells able to recognize eOD-GT8 in sub-Saharan cohorts. We
demonstrate that people from sub-Saharan Africa have a higher or equivalent frequency of naive
B cells able to engage eOD-GT8 compared with people from the U.S. Genetically, the higher
frequency of eOD-GT8-positive cells is accompanied by a higher level of naive B cells with gene
signatures characteristic of the VRCOL1 class, as well as other CD4bs-directed antibodies. Our
study demonstrates that vaccination with eOD-GT8 in sub-Saharan Africa could be successful at
expanding and establishing a pool of CD4bs-directed memory B cells from naive precursors.

In brief

Germline-targeting HIV vaccine strategies depend on the frequency of vaccine-specific naive B
cell precursors. Matassoli et al. show that the frequency and immunoglobulin signature of B cells
binding the immunogen eOD-GT8 in sub-Saharan African cohorts are higher or equivalent to
those of a U.S. cohort, suggesting that it could prove effective in Africa.
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INTRODUCTION

To date, VRCO1-class antibodies are some of the broadest and most potent anti-HIV broad
neutralizing antibodies (bnAbs) isolated from chronically infected HIV patients.1=3 All
VRCO01-class antibodies use the variable heavy chain (HC) gene VH1-2*02 paired with

a light chain (LC) harboring an unusually short complementarity determining region 3
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(CDRL3) of 5 amino acids (aa).1* Unlike most antibodies that use mainly the CDRH3
region to bind to the cognate epitope, VRCO1-class antibodies primarily use CDRH2 regions
to bind the HIV Env CD4 binding site (CD4bs) epitope, mimicking how the CD4 receptor
binds to this region.3-> To achieve high neutralization breadth of HIV isolates, VRCO1-
class antibodies typically have high levels of somatic hypermutation (SHM). It has been
estimated that it took more than a decade for VRCO1 to mature into a potent bnAb from

its unmutated common ancestor (UCA).8 Several full-length or truncated HIV glycoprotein
(gp) monomers and stabilized trimers have been engineered to specifically elicit this class
of CD4bs antibodies as potential vaccine immunogens.’:8 However, although most of these
HIV proteins can be recognized by mature bnAbs, they fail to bind their UCAs or inferred
germline (iGL) versions,®10 questioning their function as an immunogenic antigen capable
of efficiently engaging and activating naive B cells precursors to bnAbs in HIV-uninfected
individuals.

Evolution of several bnAbs has been successfully tracked from HIV-infected people.11-13
This comprehensive understanding of their ontology from UCA to potent bnAb has aided
the design of new immunogens modified to bind naive B cell precursors with the intent of
driving antibody lineages with successive immunogens to become broadly neutralizing.14
The design of immunogens that can engage the UCA/iGLs and initiate the process has
focused on the removal of key glycans that partially interfere with antibody accessibility

to a potentially neutralizing epitope.’15:16 HIV gp120 engineered outer domain germline-
targeting version 8 (eOD-GT8) has been successfully designed to specifically engage the
iGL of VRCO01.17 Immunization with eOD-GT8 in VH1-2 transgenic mice led to activation
and development of functional VRCO1-like antibodies.18:19 Studies in HIV-uninfected
humans demonstrated that eOD-GT8 hinds naive B cells with the canonical VRCO01
immunoglobulin (1g) gene signature,17-20 along with other members of the VRCO1 class
(VRC23, N6, and PCING3) and other CD4bs non-VRCO01-class antibodies.?! Furthermore, a
phase I clinical trial conducted in the U.S. using eOD-GT8 as immunogen demonstrated
that it is highly capable of engaging and expanding VRCO01-class naive precursors in

the human population?? (NCT03547245). This suggests that eliciting VRCO01-like bnAbs
from naive precursors with sequential immunization may be feasible. However, both
precursor frequency and immunization studies with eOD-GT8 were conducted in a U.S.
population. The burden of the HIV pandemic is much more concentrated in sub-Saharan
Africa, accounting for approximately 70% of all people living with HIV and 65% of new
HIV infections worldwide.23 Therefore, evaluating the naive B cell compartment in this
population is important to understand whether a similar vaccine strategy would be equally
successful. Here, we compared the frequency and Ig repertoire of eOD-GT8 naive B cells
in HIV-negative human volunteers from the U.S. and different countries of sub-Saharan
Africa (South African, Uganda, Rwanda, Tanzania, and Kenya), as well as Thailand, which
has medium HIV incidence globally but has one of the highest HIV incidence rates

in Asia.2* We found that individuals from Thailand and sub-Saharan Africa have equal

or higher frequency of circulating eOD-GT8-specific naive B cells than U.S. donors. In
addition, repertoire analysis showed a higher frequency of known CD4bs subclass antibody
signatures in individuals from sub-Saharan African countries, including non-VH1-2 CD4bs
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antibodies. This suggests that vaccine strategies designed to elicit VRCO01-like bnAbs could
be successful in regions with the highest HIV burden.

Frequency of HIV CD4bs-specific naive B cells is high in donors living in sub-Saharan

Africa

To detect eOD-GT8-specific naive B cells binding the HIV Env CD4bs, we enriched for
total B cells from about 1 x 108 peripheral blood mononuclear cells (PBMCs) from each
individual donor separately and stained them with fluorescently labeled eOD-GT8 and a
mutated version of eOD-GT8 with the CD4bs epitope knocked out (KO11). Using flow
cytometry, we measured the frequency of live CD14— CD56— CD3— CD19+ CD20+
IgD+ KO11— eOD-GT8++ naive B cells able to specifically recognize the CD4bs epitope
(CD4bs specific) on eOD-GT8 (Figures 1A and S1). Interestingly, apart from Rwanda,
individuals from sub-Saharan African countries had significantly higher frequencies of
CD4bs-specific naive B cells compared with U.S. donors (Figure 1B). Samples from
Thailand had similar frequencies as the U.S. cohort (Figure 1B).

VRCO01-class signatures are enriched in sub-Saharan African cohorts

To better understand the differences among CD4bs-specific naive B cells from different
cohorts, we single-cell-sorted all eOD-GT8 double-positive naive B cells from each
individual donor separately (Figure S1), and amplified and sequenced the Ig genes to
analyze the Ig repertoire. VRCO01-class antibodies are characterized by a VH1-2*02 or
VH1-2*04 allele paired with an LC containing a CDRL3 with 5 aa. The distribution of the
VH gene use among CD4bs-specific naive B cells showed VH1-2 as a predominant gene
family in all groups, with increased frequencies in the South African and Rwanda cohorts
(Figure 2A, left panel). However, a variety of other Ig HC variable genes could also be
observed (Figure 2A, left panel). Fifteen percent to 30% of all VH1-2 HCs were paired
with a CDRL3 5 aa long kappa chain (Figure 2A, middle and right panels). An LC with a
CDRL3 of 5 aa is rare in the human repertoire, and almost all 5 aa CDRL3 chains recovered
from all cohorts were paired with a VH1-2 HC gene (Figure S2). Most non-VH1-2 HCs
were paired with the usual 9 aa CDRL3 (Figure S2). Interestingly, many of the kappa LC

5 aa CDRL3s paired with VH1-2 HCs had the amino acid sequence “QQYET,” especially
in the Rwanda and Tanzania cohorts (Figure 2B). Mature VRCO01-class antibodies harbor

a consensus “QQYEF” in the CDRL3,4 indicating that these cells are close to the mature
bnAb CDRL3. The frequency of VRCO1-class naive B cells was estimated by multiplying
two frequencies: (1) the frequency of CD4bs-specific (KO—/eOD-GT8++) naive B cells
among all naive B cells sorted by fluorescence-activated cell sorting (FACS) and (2) the
frequency of VRCO1-class B cell receptors (BCRs) among all CD4bs-specific naive B cells
with sequenced BCRs. Both frequencies were significantly higher in South Africa, Uganda,
and Kenya cohorts compared with the U.S. cohort (Figures 2C and 2D). Together, these
data indicate that CD4bs-specific eOD-GT8+ naive B cells from sub-Saharan cohorts are not
only in higher frequency in the periphery, but also include many B cells expressing Igs with
genetic characteristics of VRCO01-class germline precursors.
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VH1-2 HC genes make up 3%—4% of the circulating B cell repertoire in the U.S.
population.25:26 To confirm that the enrichment of VVH1-2 gene use among eOD-G T8+
naive B cells from sub-Saharan African cohorts was not due to higher overall VH1-2

use, we bulk-sorted total gD+ naive B cells (Figure S1) from 5 individuals from African
countries (Uganda, Kenya, and Tanzania) and 5 from U.S. donors and used 10X Genomics
to sequence the 1g repertoire. We recovered 2,981 productive paired HC and LC from the
U.S. cohort and 1,983 from the sub-Saharan African cohort (Figure S3A). Overall, we
observed similar VH gene use between the two cohorts, with about 3% VH1-2 use in both
populations (Figure S3A). The CDRL3 length of LCs paired with a VH1-2 HC was also
similar in both cohorts, with a 9-aa-long CDRL3 accounting for about 50% of all LCs in
both cohorts (Figure S3B). Thus, the higher frequency of VH1-2 HC with a 5 aa CDRL3 in
eOD-GT8+ naive B cells in the sub-Saharan cohort was specific to the CD4bs-specific naive
B cells and not a general characteristic of the naive B cell repertoire.

Naive B cells with other CD4bs bnAb signatures are engaged by eOD-GT8 in sub-Saharan
African cohorts

Although eOD-GT8 was specifically designed to bind VRCO1-class naive B cells, it also
engages other CD4bs Ig class signatures in the U.S. population.2! To more comprehensively
investigate the CD4bs Ig gene signatures in our dataset, we concatenated Ig HC and

LC sequences from naive epitope-specific eOD-GT8-positive B cells and performed
phylogenetic analyses with respect to known CD4bs antibody gene signatures, including
dissecting the VRCOL1 class into sub-classes.3 We were able to identify several paired

Ig sequences classified as IOMA and VRC23 in addition to a few additional signatures
linked to VRC16 (Figure 3A). Importantly, within the VRCOL1 class, we also identified N6,
which, as a mature antibody, has a neutralization breadth near 100%.1 We next divided

the Ig sequences into two groups, those from sub-Saharan African or non-African cohorts
and assessed whether the different signatures identified were differentially represented in
naive B cells from the two groups. We observed in the CD4bs-specific eOD-GT8+ Ig
sequences from sub-Saharan Africans a significantly higher frequency of VRCO01 and HJ16
Ig classes compared with Ig sequences from non-Africans (Figures 3B and 3C). There was
no appreciable difference in the distribution of the other Ig gene signatures across the two
groups (Figures 3B and 3C). Thus, although there were numerically more Igs with known
CD4bs signatures isolated from sub-Saharan Africans, the overall CD4bs-specific antibodies
classes identified from eOD-GT8+ naive B cells was similar in the two groups.

Precursor VRCO01-class antibodies from sub-Saharan African and U.S. cohorts bind to
eOD-GT8 with similar affinity

Finally, we expressed a few monoclonal antibodies (mAbs) from VRCO01-class signature
(VH1-2 paired with an LC with 5 aa CDRL3) (Figure 4A) and other CD4bs epitope-specific
classes isolated from naive B cells in both U.S. and sub-Saharan African individuals (Figure
4B) and tested their affinity for eOD-GT8. All mAbs produced and tested were able to bind
eOD-GT8 with a wide range of affinities for eOD-GT8 (Figure 4). In addition, there was no
overall difference in the binding affinity of genetically diverse CD4bs epitope-specific mAbs
isolated from the U.S. or African individuals (Figure 4). Thus, CD4bs epitope-specific naive
precursors from the two cohorts appeared to engage eOD-GT8 with similar affinity.

Cell Rep. Author manuscript; available in PMC 2024 February 23.
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DISCUSSION

Germline-targeting and sequential immunization strategies are designed to target and expand
rare naive B cells and lead to development of bnAbs by gradually educating them to
recognize epitopes as displayed on wild-type HIV.16:27.28 This complex approach is required
for the development of HIV bnAbs because conserved epitopes targeted by neutralizing
antibodies are generally not accessible to germline Igs expressed by naive B cells.2%:30
Promising results in micel8.28:31 and human B cell repertoire analyses’21 led to a phase

I human vaccine trial in healthy volunteers with a eOD-GT8 60-mer nanoparticle vaccine
designed to bind the inferred UCA of the CD4bs bnAb VRCO01.22 Recent results from this
trial conducted in the U.S. showed that eOD-GT8 vaccination successfully induces a pool of
CD4bs-specific memory B cells with VRCO01 and other HIV bnAb signatures.?2

The success of the eOD-GT8 immunogen is due in part to a relatively large naive precursor
frequency of VRCO1-class CD4bs-specific naive B cells in most immunized participants
from the U.S. However, little is known about precursor frequencies in genetically diverse
populations from other parts of the world. Here, we investigated the frequency and Ig
repertoire of CD4bs-specific naive B cells engaged by eOD-GT8 in individuals living in
low-risk (U.S.), medium-risk (Thailand), and high-risk (sub-Saharan Africa countries) areas
for HIV infection. Results showed that VRCO01, IOMA, and other classes of CD4bs gene
signatures can be found in donors from all groups, with even higher frequencies in donors
living in sub-Saharan Africa compared with donors living in the U.S. and Thailand. This
suggests that vaccination with eOD-GT8 of populations living in areas with a much higher
burden of HIV infection could prove successful at expanding bnAb precursors.

Frequencies of naive B cells able to bind eOD-GT8 from donors living in the U.S. in

this study are overall in line with previous work.1” Furthermore, the increase in CD4bs

Ig signatures in the sub-Saharan African individuals was not due to overall populational
repertoire difference, as the HC gene use among total naive B cells from African individuals
aligned with gene use in the U.S. population.25-26 Moreover, many of the VRCO1-class
precursor naive B cells that we identified presented with a 5 aa CDRL3 sequence motif

of “QQYET,” which is only 1 aa “away” from the “QQYEF” motif present in the same
region of the mature VRCOL1. This may facilitate progression of these cells toward broad
neutralization. A considerable portion of the VRCO01-class precursor signatures that we
identified showed relation to N6, which is by far one of the broadest CD4bs-specific bnAbs,
with neutralization breadth near 100%.1 In addition, analyses on mAbs expressed from naive
B cells showed that eOD-GT8+ B cells from the sub-Saharan African cohort bound the
immunogen with the same affinity as B cells from the U.S. population. This affinity level has
been shown to be sufficient to induce a pool of memory B cells upon eOD-GT8 nanoparticle
vaccination.22

It is unclear why CD4bs-specific naive B cells are more frequent in donors living in
sub-Saharan Africa. One hypothesis is that living in an environment with overall higher
antigenic burden32-34 might lead the naive cell pool to evolve toward broader antigenic
coverage. If this is the case, a naive B cell pool shaped to cover a greater variety of antigens
might result in a circumstantial increase of rare combinations of Ig HC and LC genes, such

Cell Rep. Author manuscript; available in PMC 2024 February 23.
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as the VRCOL1 class. Future studies analyzing naive B cell compartment repertoire will add
insight into populations living in different parts of the world.

In conclusion, our study indicates that targeting and developing VRCO01-class CD4bs-
specific naive B cell precursors into B cells expressing broadly neutralization antibodies
is a possible strategy in sub-Saharan African countries with high incidence of HIV.

Limitations of the study

This study describes increased frequency of eOD-GT8-specific naive B cells in cohorts
from sub-Saharan Africa countries compared with the U.S. However, we acknowledge that
sub-Saharan Africa comprises 46 countries with several ethnicities, and our study is limited
to only 6 countries in that region. In addition, we did not investigate deeply the genetic
differences that could explain the reason for this specificity difference among cohorts.
Future studies are needed to understand the molecular basis behind these observations.

STARXMETHODS
RESOURCE AVAILABILITY

Lead contact—*Further information and requests for resources and reagents should
be directed to and will be fulfilled by the Lead Contact, Sarah F. Andrews
(sarah.andrews2@nih.gov).

Materials availability—This study did not generate new unique reagents.

Data and code availability

. Antibody sequence data have been deposited at GenBank and are publicly
available as of the date of publication.

. This paper does not report original code.

. Any additional information required to reanalyze the data reported in this work
paper is available from the lead contact upon request.

EXPERIMENTAL MODEL AND STUDY PARTICIPANT DETAILS

Study design and cohorts—The study was designed to assess whether human
volunteers of different regions of the world living in both low and high-risk areas for HIV
infection (USA, Thailand and sub-Saharan Africa) (Table S1) would be equally suitable

for vaccination with eOD-GT8 and to collect useful information for possible future trial
design with eOD-GT8 to be conducted in HIV-endemic areas. For those purposes, a large
number of cryopreserved PBMC were obtained from HIV-negative individuals living in
USA either from the National Institutes of Health (NIH) blood bank or the PBMC repository
at the Duke University; South Africa samples were obtained from FRESH cohort in Durban,
South Africa?%; Rwanda samples from International AIDS Vaccine Initiative (IAVI); Uganda
samples from either 1AV or Military HIV Research Program (MHRP); Tanzania, Kenya and
Thailand samples obtained from MHRP (Table S1). All individuals tested negative for HIV
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at the time of sampling and none of them was previously enrolled in any HIV vaccine trial or
had an HIV-positive partner.

METHOD DETAILS

Fluorophore-conjugation of eOD-GT8 and KO11—Biotinylated eOD-GT8 and eOD-
GT8-KO11 were produced as previously described.1” Conjugation with a fluorophore was
done by mixing 2.5ug of eOD-GT8 with 1pg of either Streptavidin-PE (Life Technologies)
or Streptavidin-BV711 (BD Biosciences) in a final volume of 15pg diluted in PBS for at
least 45 min at 4°C protected from light. The KO11 was conjugated with Streptavidin-APC
(Life Technologies) following the same protocol.

B cell enrichment, flow cytometry and sorting of single eOD-GT8+ naive B
cells—Cryopreserved PBMCs were thawed, treated with Benzonase nuclease (Millipore
Corp.), washed with PBS, and enriched for B cells by magnetic negative selection using

the Human Pan-B cell Enrichment Kit (Miltenyi) according to manufacturer’s instruction.
Enriched B cells were then washed with PBS and first stained with viability dye Aqua
Fluorescent Reactive (ThermoFisher) for 2 min followed by staining with the following
human antibodies: IgM BB700 (customized from BD Bioscience), CD21-PE594 (BD
Bioscience), CD22-PECY5 (Biolegend), CD20-APCH7 (BD Bioscience), IgG-BUV395
(BD Bioscience), CD38-BUV661 (BD Bioscience), CD19-BUV805 (BD Bioscience), IgD-
BV570 (BD Bioscience), CD27-BV605 (Biolegend), CD56-BV510 (Biolegend), CD14-
BV510 (Biolegend) and CD3-BV510 (Biolegend) in addition to the conjugated eOD-GT8
and KO-11, all diluted in Brilliant stain Buffer (BD Bioscience) for 30 min at 4°C protected
from light. Cells were washed twice with PBS containing 0.1% BSA and analyzed on
FACS Symphony A5 (BD Biosciences) using Diva software. Cells were gated on live
singlets CD3~ CD14~ CD56~ CD19* CD38!° CD27+ CD20* 1gG-lgD+ KO- and all double-
positive eOD-GT8 cells were single cell sorted (Figure S1) into 96-well plates coated with
5uL of TCL buffer (Qiagen) containing 1% of 2-Mercaptoethanol (Sigma-Aldrich). After
sorting, plates were sealed and immediately frozen at —80°C until further processing. Flow
cytometry analyses were performed by using the Flow-Jo software (Three Star Inc).

Sequencing and analysis of immunoglobulin genes of eOD-GT8+ naive B
cells—Single sorted eOD-GT8-specific naive B cell Ig sequencing was done fallowing
the adapted version of the SMARTSeq-V4 protocol by 5 RACE published before.35
Briefly, single cell RNA was purified using magnetic beads (RNAclean beads — Beckman
Coulter), followed by incubation with TSoligo2_polydT and subsequent cDNA synthesis
with a template switching oligo (TSO) was performed using SMARTseq reagents. cDNA
was then amplified using TSO primers. Excess oligos and dNTPs were removed from
amplified cDNA with EXO-CIP cleanup kit (New England BioLabs). HC and LC were
then enriched by amplifying cDNA with TSO forward and 1gG/IgM revere or 1gK/IgL
reverse primer pools. Ig amplicons were used to prepare Illumina-ready libraries using
Nextera XT reagents (doi: https://doi.org/10.1038/s41467-022-35456-2). We obtained
paired heavy and light chain Ig sequences from an average of 70% of the single cells.

Ig sequences were assembled using BALDR (https://doi.org/10.1186/s13073-018-0528-3)
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and filtered (https://github.com/scharch/filterBALDR). V(D)J were annotated using SONAR
v4.3 (https://doi.org/10.3389/fimmu.2016.00372) in single cell mode.

Bulk sort and Ig sequencing of total naive B cells—Cryopreserved PBMC

were thawed, treated with Benzonase nuclease (Millipore Corp.), washed with PBS

and each donor was individually stained with a different TotalSeq anti-human Hashtag
(Biolegend) for 15min. Cells were washed with PBS containing 0.1% BSA and then

stained with viability dye Aqua Fluorescent Reactive (Invitrogen) for 2 min followed

by staining with the following human antibodies: IgM BB700 (customized from BD
Bioscience), CD21-PE594 (BD Bioscience), CD22-PECY5 (Biolegend), CD20-APCH7
(BD Bioscience), 1gG-BUV395 (BD Bioscience), CD38-BUV661 (BD Bioscience), CD19-
BUV805 (BD Bioscience), IgD-BV570 (BD Bioscience), CD27-BV605 (Biolegend), CD56-
BV510 (Biolegend), CD14-BV510 (Biolegend) and CD3-BV510 (Biolegend) for 30 min at
4°C protected from light. Cells were washed twice with PBS containing 0.1% BSA and
analyzed on FACS Symphony A5 (BD Biosciences) using Diva software. Cells were gated
on live singlets CD3~ CD14~ CD56~ CD19* CD38!° CD27* CD20* 1gG-lgD+ and all IgD+
naive B cell were bulk sorted in a 1.5mL tube containing RPMI with 10% FBS.

After sorting, cDNA from bulk-sorted total naive B cells was immediately made following
10X Genomics Chromium Next GEM Single Cell 5" v1 Kit according to manufacturer’s
instructions. VDJ genes were amplified from cDNA and libraries were made following
manufacturer’s instructions. VDJ libraries were sequenced on Novaseq (Illumina) targeting
at least 10,000 reads per cell.

Phylogenetic analysis of CD4bs sequences—Stand alone IgBlast was used to assign
antibody V/(D)J germline gene.36 Paired heavy and light chain germline gene and CDRL

3 length were used as criteria to assign different CD4bs antibody classes (Table S2). A
neighbor joining tree was built based on protein sequences of isolated antibodies with
ClustalW.37 Dendroscope was used to visualize assigned CD4bs antibodies on neighbor
joining trees.38

Monoclonal antibody expression from eOD-GT8-specific haive B cells—Paired
HC and LC sequences from eOD-GT8-specific naive B cells were cloned and synthesized by
Genscript. Expi293 cells (Thermo Fisher) were co-transfected with plasmids encoding both
HC and LC with ExpiFectamine (Thermo Fisher). After 6 days of expression, monoclonal
antibodies were purified from the cell supernatant using protein A Sepharose (Pierce).

eOD-GT8 binding assay—Kinetics and affinity of antibody-antigen interactions were
measured on Carterra LSA using HC30M Sensor Chip (Carterra) and 1x HBS-EP+ pH
7.4 running buffer (20x stock from Teknova, Cat. No H8022) supplemented with BSA at
1 mg/mL. The chip surface was prepared for ligand capture following Carterra software
instructions. Approximately 2000-3000 RU of capture antibody (SouthernBiotech Cat no
2047-01) in 10 mM Sodium Acetate pH 4.5 was amine coupled to the chip. Phosphoric
Acid 1.7% was used as a regeneration solution with 30 s contact time and injected three
times per each cycle. Solution concentration of ligands were at 1 zg/mL and contact

time was 5 min. Raw sensograms were analyzed using Kinetics software (Carterra) using
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interspot and blank double referencing, Langmuir modeling. Analyte concentrations were
quantified on NanoDrop 2000c Spectrophotometer using absorption signal at 280 nm.

QUANTIFICATION AND STATISTICAL ANALYSIS

Statistical analyzes was performed using Prism8 software. Specific statistical tests used for
datasets is indicated in the figure legends. p values equal or less than 0.05 was considered
significant.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

Sub-Saharan African cohorts have high frequencies of eOD-GT8-specific
naive B cells

eOD-GT8-specific naive B cells in this cohort express VRCO1-class antibody
precursor genes

IOMA, VRC23, and VRC16 HIV CD4bs-specific antibody signatures are also
detected
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Figure 1. African cohorts harbor higher frequencies of eOD-GT8+ cells among naive IgD+ B

cells

(A) Schematic representation of the cohorts used and gate strategy.
(B) Frequencies of circulating eOD-GT8+ IgD+ naive B cells among different cohorts.
Statistical significance was determined using the two-tailed Mann-Whitney test. Each dot
represent a individual donor (for the number of donors analyzed from each location, see

Table S1).
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Figure 2. Increased VRCO01-class gene signature among African cohort
(A) Pie chart of VH use among eOD-GT8+ naive B cells from different cohorts; blue slices

indicate the VH1-2 gene, and gray shades indicate the other most frequent VH genes (left
panel). VH1-2+ sequences paired with a 5 aa L-CDR3 (red, middle panel) and VRCO1-class
naive B cells expressing kappa (x) or lambda (A) LCs among total VRCO1-class naive B
cells. Total B cell sequences are indicated at the center of each pie chart.

(B) Weblogo comparing L-CDR3 sequences of VRCO1-class naive B cells from all different
cohorts.
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(C) Frequency of VRCO1-class signatures among eOD-GT8+ naive B cells for each cohort.
(D) Frequency of VRCO01-class signatures among total gD+ naive B cells for each cohort.
Statistical significance was determined using the two-tailed Mann-Whitney test.
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(C). Number indicates total number of sequences analyzed, and colors further delineate the
CD4bs antibody lineage as indicated in the legend. Statistical significance was determined

using the two-sided Fisher’s exact test.
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Figure 4. Affinity of CD4bs antibodies for eOD-GT8
(A) Monovalent affinities of VRC01-class Abs (VH1-2 paired with 5 aa CDRL3) derived

from eOD-GT8+ naive B cells isolated from non-African(7 antibodies) and sub-Saharan
African (15 antibodies) individuals.
(B) Monovalent affinities of different CD4bs antibody classes derived from eOD-GT8*
naive B cells isolated from non-African and sub-Saharan African individuals.
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KEY RESOURCES TA

BLE

REAGENT or RESOURCE

SOURCE

IDENTIFIER

Antibodies

Anti-Human IgM
Anti-Human CD21
Anti-Human CD20
Anti-Human 1gG
Anti-Human CD38
Anti-Human CD19
Anti-Human IgD
Anti-Human CD22
Anti-Human CD27
Anti-Human CD56
Anti-Human CD14
Anti-Human CD3
Anti-Human Hashtag 1
Anti-Human Hashtag 2
Anti-Human Hashtag 3
Anti-Human Hashtag 4
Anti-Human Hashtag 5
Anti-Human Hashtag 6
Anti-Human Hashtag 7
Anti-Human Hashtag 8
Anti-Human Hashtag 9
Anti-Human Hashtag 10

BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
BD Biosciences
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend
Biolegend

Custom, Clone G20-127
RRID: AB_2738231
RRID: AB_1727449
RRID: AB_2738683
Cat# 612969

RRID: AB_2873553
Custom, Clone 1A6-2
RRID: AB_2074592
RRID: AB_2561450
RRID: AB_2561944
RRID: AB_2561946
RRID: AB_2561943
RRID: AB_2801031
RRID: AB_2801032
RRID: AB_2801033
RRID: AB_2801034
RRID: AB_2801035
RRID: AB_2820042
RRID: AB_2820043
RRID: AB_2820044
RRID: AB_2820045
RRID: AB_2820046

Biological samples

Human PBMC from US NIH Blood bank and Duke University =~ N/A

Human PBMC from South Africa  FRESH Cohort N/A

Human PBMC from Rwanda 1AVI N/A

Human PBMC from Uganda 1AVl and MHRP N/A

Human PBMC from Tanzania MHRP N/A

Human PBMC from Kenya MHRP N/A

Human PBMC from Thailand MHRP N/A
Chemicals, peptides, and recombinant proteins

Streptavidin PE ThermoFisher Cat# S21388
Streptavidin APC ThermoFisher Cat# S32362
Streptavidin BV711 BD Biosciences Cat# 563262
Fixable live/dead stain ThermoFisher Cat# L34957
Brilliant Stain Buffer BD Biosciences Cat# 563794
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REAGENT or RESOURCE

SOURCE

IDENTIFIER

Protein A Sepharose

GE LifeSciences

Cat# 17-1279-03

2-Mercaptoethanol ThermoFisher Cat# 21985023
dNTPs ThermoFisher Cat# 18427088
TCL Buffer Qiagen Cat# 1031576
Critical commercial assays

Expi293 Expression System Kit ThermoFisher Cat# A14635
RNA Clean XP Beads Beckman Coulter Cat# A63987
10x Lysis Buffer Clontech Cat# 635013
SMARTScribe RT Clontech Cat# 639538
RNAse Inhibitor Clontech Cat# 2313B
SeqAmp PCR Buffer Clontech Cat# 638509
SeqAmp DNA Polymerase Clontech Cat# 638509
AMPure XP Beads Beckman Coulter Cat# A63881
EXO-CIP Cleanup kit New England Biolabs Cat# E1050L
Experimental models: Cell lines

Human Expi293F ThermoFisher Cat# A14527

Software and algorithms

Flowjo 10

Prism 7/8

Seaview
Standalone IgBlast

Kinetics software

FlowJo

Graphpad

NCBI

Carterra

https://www.flowjo.com

https://www.graphpad.com/

RRID: SCR_015059

https://www.ncbi.nlm.nih.gov/igblast/

https://carterra-bio.com/resources/kinetics-software/
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