Dynamics of the B-cell repertoire: shared receptors, shared
fate ?
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- The immune repertoire Clm|
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The immune repertoire Ciml
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The genes coding the receptors
can be sequenced relatively easily.
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Why do we care ? Clm|
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)\ 4,( A\Y = Prognosis ?

= Medical history ?

k\ E JA = |dentify specific antibodies ?
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How is a B cell repertoire made ? QCimI
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V(D)J recombination Bone marrow, early stage of
B-cell development
U
Selection Bone marrow and later life
U
Amplification / Mutation Post antigen encounter

/ Evolution .



= \/(D)J recombination Clml

MIMMUNOLOGY
| E E m _________ . - Generate random genes

(o - 10-100 millions early B-cells

created each day, > 70% die here.
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Positive & Negative Selection

T cell selection

- Both T & B cells undergo
positive and negative

: M M ffi 1 mtermediate uﬂ"inh:.’ too high
selection, different survival ffnity toolow, itermedin
rateS fail to be l :: l
positively EEIELIE(J positively ' pegatively
2 selected : selected
"death by neglect” .;"'-__'feunrive deleted

- T cell specificity/affinity will
also influence differentiation
(T -regs / CD4-8 / MAIT)

frequency of clones

nominal affinity of TCR for "self"

- Less true for B cells



-== Encounter with an antigen

PERIPHERAL LYMPHOID
ORGANS

Encounter with
the antigen

Expansion &
Activation

GERMINAL CENTER
Mutation &
Expansion
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Differentiation & return to
the circulatory system
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What makes the repertoire ?

V(D)J recombination

U
Selection
U

Amplification / Mutation
/ Evolution

What influences the
repertoire the most ?

Ciml

U@ IMMUNOLOGY



What makes the repertoire ?

V(D)J recombination

U
Selection
U

Amplification / Mutation
/ Evolution

What influences the
repertoire the most ?
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Generation probability
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We can compute the probability
that each sequence has of being
generated.
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Generation probability Clml
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We can compute the probability
that each sequence has of being
generated.

P(V,J)P (delV|V) P (delJ|J)

insVJ
XP(iIlSVJ) H PVJ (ni|ni_1)

250 -225 -20.0 -175 -150 -12.5 -10.0 -7.5 =50
10910(Ppost)
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Public vs Private repertoire

Can we extract
information from the
public repertoire ?

We can predict precisely the
number of shared sequences

between individuals

Probability Density

o o
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Public

2 U 22t 2 RSO SiUe —12.5 -10.0 -78 —EHo)
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s o Wnim:
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Sharing number
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So what can we do with the repertoire ?

- As a barcode
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So what can we do with the repertoire ? Ciml
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- As a barcode

- As a way to study B
. R ==
recombination & selection
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So what can we do with the repertoire ?
- As a barcode i

y Y - As a way to study
recombination & selection
%’ A)& JL\ - Progress in prediction /
):( diagnostic

Article Open access = Published: 19 May 2022
Neoantigen quality predicts immunoediting
in survivors of pancreatic cancer

Disease diaQHOStics USing maChine Iearning Of B ce" Marta t uksza &, Zachary M. Sethna, Luis A. Rojas, Jayon Lihm, Barbara Bravi, Yuval
and T cell receptor sequences Elhanati, Kevin Soares, Masataka Amisaki, Anton Dobrin, David Hoyos, Pablo Guasp,

Abderezak Zebboudj, Rebecca Yu, Adrienne Kaya Chandra, Theresa Waters, Zagaa

MAXIM E. ZASLAVSKY . ERIN CRAIG JACKSON K. MICHUDA » NIDHI SEHGAL, NIKHIL RAM-MOHAN JI-YEUN LEE , KHOA D. NGUYEN , RAMONA A. HOH

Odgerel, Joanne Leung, Rajya Kappagantula, Alvin Makohon-Moore, Amber Johns

,THO D. PHAM, [...], AND SCOTT D. BOYD +27 authors Authors Info & Affiliations

Anthony Gill, Mathieu Gigoux, Jedd Wolchok, Taha Merghoub, ... Vinod P. Balachandran
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So what can we do with the repertoire ?

"( y Y = Prognosis ?
/)Ky = Medical history ?

»\ )\:( = |dentify specific antibodies ?
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SARS-CoV-2 repertoire
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X Sample & 1st positive Covid PCR g}g}g} 1st, 2nd and booster vaccination

113408 - - xg}? & X X%

251227 - ® f X X

485912 - & g? X X
2 579992 - & X sese X
@ 614457 - & & P X
2 767515 - & _ X X XX
A 814110 - @- x S X

823855 - @ X &gg} X X

830593 - @ X & X X

997256 - & | X S& X ' X

Jul 2020 Dec 2020 May 2021 Sep 2021
Date

Longitudinal sampling on 10 individuals. Collaboration with
the Yu lab at the Ragon institute, 10° B cellls.
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Panning the shared repertoire Clml
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—== Panning the shared repertoire
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Phenotype measurement

: v (2 Yeast Expression  (3) Sort for | [=l

¢ Myc b
(@) Library construction g,
2 z \ Libraries are
CDR3L CDR3H ?:D é’ Sars-CoV-2 “}J_\%i ‘*‘!‘f' o & I
ScFv structure h— . s = spike pu-otc'n"l;}}g .'f :5 q £ sorted
Light chain Linker Heavy chain il Wig U @ separately
Bottleneck .;},1»;,; S o 2 t led
Golden gate assembly a size = 10"3 ?‘f\ *}._I%Q‘ f'r‘é Expression €n pooie
T Total librar
Naive library smmmm—— —— —— . gy
S e = e 10 @) Tite-Seq (4) Barcode-scFv
; association
Mutated library Total library
_ ——— === jze- =107 High-throughput P scFv barcode _
3VL templates i All observed single mutants ' Kp measurements o ——
T & some double mutants 1 D
1531 variants _ . + Nanopore sequencing
Libiary size=10000 Library size = 68'000

Big in-house experiment that can measure a lot of

antibodies affinities at once
23



Ciml

ve IMMUNOLOGY

Phenotype measurement

g1 My 8,
(@) Library construction £, > (2) Yeast Expressmn (3) Sort for binders
CDR3L CDR3H % g i, ol Libraries are
ScFv structure — — v spike protei n'" * 1rjE_ & sorted
Light chain Linker Heavy chain o Bottleneck * @ separately
Golden gate assembly a size = 10° ﬁ* Expression tri'l pooled
A Total librar
Naive library —— _ 2 : 9‘/
S e E— . S7e10 (® Tite-Seq (4) Barcode-scFv
Mutated library IGHY3-53 Total library association
_ﬂ _— : _.=_ == e =10’ v High-throughput P scFv barcode _
3 VL templates i All observed single mutants 33 variants '.,' K measurements :——-—
I inder & some double mutant 10W I« D
1531 variants _ . + Nanopore sequencing
Hbrspysize=30000 Library size = 68'000

In the original repertoire, < 0.1% of BCRs bind, we get 1in 6

from the sequences we selected.
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Homeostasis of the PBMC repertoire g |mI

5
On long timescales the g4 e
PBMC repertoire is stable. 1
Shared lineages are more Tles
active. g
)20 May 2021 Sep 2021
40 —— Al Date
@ 4% 30 4 Shared
E.g . —}— Shared (long CDR3) On average, Shared
Y lineages increase in size.
- 0 T .- T
®x DL X X £X X
Dec 2020 May 2021 Sep 2021

Date
25




Homeostasis of the PBMC repertoire

Are B-cells evolving the same way
across individuals ?
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Mutational Convergence
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|dentical ancestors share more mutations  |.....l.......
than expected in different individuals 01 ———

T T
Different nailve Same naive
ancestor ancestor
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Shared mutations

Mutational convergence

Expected by chance

What about sequences that are not exactly
shared, but close enough ?
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Similarity between the naive sequences (hamming distance)
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