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Antibody evolution is a collective phenomenon
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How does the immune system represent the environment?

How does adaptation propagate across scales?



Counteracting tremendous antigenic variability

* Broadly neutralizing antibodies (bnAbs) to HIV-1: ‘sites of vulnerability’
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Difficult yet accessible



Viral diversification precedes breadth acquisition
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= Extensive escape-generated epitope
diversification
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= Plasma breadth evolved in the
presence of highly diverse forms of
the epitope contact regions
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Paths to potent bNADbs are often long and few

Persistence is needed

Correlation btw mutation load & breadth

* Breadthis progressively acquired

GL reversion abolishes breadth

* Lineages can affect one another

Helper lineage selects breadth-driving mutants

BnAb lineages can be activated, and
yet do not readily expand.

Development of broad HIV-1-neutralizing
antibody lineage by longitudinal sampling from
time of infection
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Germinal center reaction: affinity maturation of B cells

Presentation of multiple Ag variants on FDCs Ge,
5 FDC “ /Oe/C
. b X 3 5u © sl i
Agent-based model of GC reaction e 3L ¥* 4
\h\\\_’/‘,/ ) .\\,{‘,; o |L . J—> ﬁ
. . . Replication \.@ N~ \.f’g e
% Deleterious mutations more likely /Mutation - Selection for higher
affinity mutants
% Stochastic clonal selection PN / \
o %}L ./4 Helper T cell
- competition for Ag and T help . Vot poa
) e :.,-”\ 3 \_\J,J \\ * ./j H o
affinity-dependent death rate 313{'/"\_ _ % &
% Time-varying B cell population size Rda | TN
ﬁ .Recyclipg{f %]
Y Parallel populations Differentiation

(

Activationé *_ r
‘e &

& J_nY

Naive B cell N

g Plasma cell
Memory B cell



Learning by examples

Frustrated affinity maturation
Mutationally distant targets
Spatial heterogeneity => temporal variation

B cell lineages either go extinct or stay specific

* Dynamic programming

Acquiring new reactivity without degrading
earlier ones

Extracting recurrent patterns

An evolvable solution
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Sequential Immunization Elicits Broadly Neutralizing
Anti-HIV-1 Antibodies in Ig Knockin Mice
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e Mouse antibodies elicited by sequential immunization
resemble human antibodies

Sequential immunization
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Distracting epitopes

Antigen variants with complex epitopes

V1: T1+D1+D2+D3 V2: T2+0D1+D2+D3

@ Highly conserved region of target epitope

OO Distracting

epitopes o Diversified variable region
O of target epitope

G: germline-activating reference strain
V1 & V2: target-epitope variants
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Minimal distraction under optimal frustration
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Diversity loss mitigates memory dominance

Full diversity Reduced diversity
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Host-pathogen co-adaptation

- Conserved dimension & Germline B cell
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Initial Ag diversity

Host-pathogen co-adaptation
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Ecological feedback

‘Sphere of influence’ in the shape space
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Mapping the evolutionary landscape
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Collaborating thoughts

Relative age of host and pathogen
Memory renewal against aging; modulating memory-naive competition

Vaccine-driven viral evolution for delayed aging;
how may HIV differ from flu (HCV, Ebola, etc.)?

Spatially varying selection pressure: coevolution on the move



