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Objectives

|. Discuss the diversity and characterization of human B
cell differentiation pathways. Differentiation between
memory and effector responses

2. Characteristics of B cell responses and repertoire
features in severe COVID-[9 infection

3. Molecular regulation of abnormal B cell responses in
SLE



Cellular Components and Phenotypic Definition of
the Human Extra-Follicular B cell Pathway

Transcriptional Distance Between
Human B cell Populations
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Activated naive B cells
(aN) and DN2 cells are
very closely related to
DN2 cells (45 DEGS)

Switched memory and
DN1 are almost
identical (22 DEGs)
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CD19++ |gD+/- CD27- CXCR3- CD62L-
CD11c++ T-bet++ CD21- (ABC-like)
PD-1++ SLAM-F7++
CD23- CD24- CD38- CD22+ CD32b+

DN2 are isotype-switched and
somatically mutated

- SHM in DN2 << SM
- SHM in PB << SM (in SLE)

Isotype switch and/or SHM should
not be used to assign a memory

phenotype

The EF pathway is major contributor
to PB expansions in SLE 5 10 20 30 40
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The extra-follicular pathway in human SLE

Naive B cell activationin SLE

Contribute to large ASC expansions
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EF Effectors primed

Different pathways contribute to
B cell hyperactivity in SLE

Extra-Follicular Pathway
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The extra-follicular pathway in human SLE

Extra-follicular
Activation Pathway
Bap4$
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Activated naive Bcells = DN2 - Plasmablasts
* CXCRS5-CD11c++ CD21 - T-bet++ FcRL5++ SLAM-F7++ PD1+

* SLE DN2 cells are deficientin the expression/function of regulatory receptors:
A20, TRAF5, CD22 - Etsl

* Increased viral RNA sensors: TLR7, IFIH1; dsDNA sensors: TRIM56 (STING inducer)

DN2 cells are epigenetically primed to differentiate into antibody-
secreting PB

Naive = DN2 cells are responsible for a large autoantibody
fraction in flaring SLE
TLR7-induced, IFNy and IL-21-dependent

Hyper-responsive to TLR7 (TRAF5 deficiency), IL-10 and IFNA but not to CD40L
(TRAFS deficiency)

Produce anti-RNA and RNA-binding protein antibodies: Ro, Smith/RNP
Differentiation from naive B cells in inhibited by IL-4

Highly enriched in:
* African-American
* Active SLE and Lupus Nephritis
* Poor disease outcome
* Anti-RNAand RBP serum autoantibodies



The relevance of extrafollicular naive B cell
differentiation in autoimmunity and infection

Exprossion

Lo e T Why are naive B cells important and competitive
with pre-established autoimmune memory cells?
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DN2 B cells are uniquely expanded in active childhood SLE
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CD86 high activated naive B cells and early Lupus flare

-Immunologic findings precede rapid'
lupus flare after transient steroid
therapy

Rufei Lu'?, Joel M. Guthridge™?, Hua Chen?, Rebecka L. Bourn?, Stan Kamp?,
Melissa E. Munroe!, Susan R. Macwana®, Krista Bean’, Sudhakar Sridharan®, Joan T. Merrill* &
Judith A. James (%2
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scRNA-seq Synovial Cell Types

ORIGINAL ARTICLE

RNA Identification of PRIME Cells Predicting Rheumatoid Arthritis Flares

Dana E. Orange, M.D., Vicky Yao, Ph.D., Kirsty Sawicka, Ph.D., John Fak, M.S., Mayu O. Frank, N.P,, Ph.D., Salina Parveen, M.A., Nathalie E. Blachere, Ph.D., Caryn Hale, Ph.D.,
Fan Zhang, Ph.D., Soumya Raychaudhuri, M.D., Ph.D., Olga G. Troyanskaya, Ph.D., and Robert B. Darnell, M.D., Ph.D.
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e B cell activation preceded the expansion of circulating pre-inflammatory
mesenchymal (PRIME) cells prior to RA flares (1-2 weeks)
* PRIME cells may be activated by B cells before migrating into the synovium



ARTICLE | VOLUME 52, ISSUE 6, P1022-1038.E7, JUNE 16, 2020

Plasmacytoid Dendritic Cells and Type | Interferon Promote
Extrafollicular B Cell Responses to Extracellular Self-DNA

Chetna Soni = Oriana A. Perez « William N. Voss « . Gregory C_ Ippolito = Vanja Sisirak 2 =1

Boris Reizis 2 7 Show all authors = Show footnotes

Published- May 25, 2020 + DOI" https://doi org/10. 1016/j immuni 2020.04 015

Extrafollicular B cell differentiation into short-
lived AFCs as a key mechanism of anti-DNA
autoreactivity and reveal a major contribution
of pDCs, endosomal Toll-like receptors
(TLRs), and IFN-I to this pathway.

Highlights
« Anti-DNA antibody response is driven by T-dependent extrafollicular plasmablasts
» IFN-I signaling propagates anti-DNA responses and SLE-like disease

« IFN-I produced by pDCs promotes plasmablast proliferation and differentiation

» TLRY drives anti-DNA responses and autoimmunity redundantly with TLR7
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Atypical Memory B cells are not

atvoical and mostlv non-memor Oyerexpressionlof T-bet in HIV infgction is_associated
¥YP y y with accumulation of B cells outside germinal centers

Can we now move on? and poor affinity maturation
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IMMUNOLOGY

Expression of inhibitory receptors by B cells in chronic Accumulation of T-bet+ B cells in
i Ao human infectious diseases restricts responses non-GC areas of LN in HIV infection
to membrane-associated antigens
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(B)

Chronic human infectious diseases, including malaria, are associated with a large expansion of a phenotypically and
Eaéehﬁs.ggrr:gggcﬂggdias transcripti y distinet sub lation of B cells distinguished by their high expression of a variety of inhibitory

receptors in:lnding FoyRIB. Because these B cells, termed atypical memory B cells (MBCs), are unable to respond
—— Pathogen load to scluble antigens, it was suggested that they contributed to the poor of in chronic infecti
Here, we show that the high expression of FcyRIIB restricts atypical MBC 1o b lated
that function to actively exclude FcyRIIB from the B cell immune synapse and include the co-receptor CD19, allow-
ing B cell antigen receptor signaling and diﬁ iation toward plasma cells. Thus, chronic infectious diseases
result in the expansion of B cells that rok it igens that associate with cellsurfaczs, such as antigens
in immune complexes, but are unable to respond to fully soluble g such as self-
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SIGNAL B CELL SUBSET

Exhaustion may not be in the human B cell

IL-21 oot vocabulary, at least not in malaria
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————» CXCR5

Distinct B cell abnormalities in SLE revealed by multidimensional FCM

SLE is characterized by expansion of
CXCR5-negative activated naive (aN) and DN2 cells

aN and DN2
extended phenotype

CXCR5- CD62L- CD11c++ CD19++
T-bet++
CD23- CD24- CD38-
PD-1++ CD22+ CD32b+
FcRL4- FcRLS+

CXCR5- aN and DN2 cells are the dominant
CD11c Meh T-pet Nigh B cells in SLE

» CXCR5

SWM DN Cells NAV

J’ SWM+ ' DN1 \1
o .1 L 'y @.\u -1
g - ~ - - ;
O, |SWM- . .1 aNAv
| 268 . 122
. W w ]
g. " .
& . -
2 - - -
" T-bet " T'bet
1200+ D vs aNAV
1000 p vs DN2 Cells
800
E *hkk
=600 ook
g o o
=400 *kk
200] ** s w &
" INAV aNAV SWM SWM-DN1 DN2 PC
Cells Cells




T-bet bright B cells are predominantly CD27-, CXCR5-, CD11c++ -
Only activated naive cells and DN2 cells are T-bet bright

CD19+ B cells | rNAV | DN2 SWM DN Cells NAV

maw
O DN2

[y

B.0K 1 T-bet- T-bet+
.80.2 19.8

6.0K =

L -

4.0K =

« 5 8 s u i

s 2 2 s 8 ¥

" Tbet

aNAV = DN2
aNAV 12007 p vs aNAV
p vs DN2 Cells CD21-

10004 SWM

R ano.
' =600 o
B s B .

N o]

- 400 o ki

kR ok
2004 ::: Rk *kk “

& ¢

SWM

o 8 & B 8 §
P P S T

0 + + - : : :
S rNAV aNAV SWM SWM-DN1 DN2 PC
T-bet

Oonz

%™ CXCR5- SWM T-bet+/CD21- B cells

. / t-bet low

relative to
DN2/aNAV

CXCR5-
SWM

ABC (Age-Associated B cells)

ABC (Activated B cells) —LLPC precursors
CD21- Activated Memory B cells
CD21- Naive B cells
Exhausted Memory Cells
Atypical Memory Cells
TLR7-activated T1 cells

DN1 _ CD11c- CXCRS+ | 10° -_!—0011::2: 2;{CR5+

CXCR5

© 3¢D11c++ CXCRS-,
: 94.8
S :
Srggray gt o gy

0 w0* 1t DN2

9 3cp11c++ CXCR5--
ai 7.70

Mice & Humans Humans Mice




% of CD19+
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Predominance of DN cells in SLE (African-American) Patients
Clinical Associations

SLE1: Rochester, Hopkins (40% AA)
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Resting Naive Cells are epigenetically primed in SLE
The epigenetic Lupus signature is “transmissible” to other B cell subsets
with accentuation in the aNAV = D2 pathway

BCR (NR4A1-Nur77) and TLR activated genes (NR4A3)

are induced in rN B cells in SLE
Resting naive B cells
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Chromatin accessibility in DN2 B cells is driven by T-BET,
AP-1 and EGR transcription factors
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T-bet Transcription Factor Promotes Antibody-
Secreting Cell Differentiation by Limiting the
Inflammatory Effects of IFN-y on B Cells

T-BET upregulated and more accessible in aNAV/DN2 B cells
irrespective of disease status

Regulates other characteristic aNAV/DN2 markers including CD11c

T-BET binds to its own gene, suggesting positive autoregulation in

these cells
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Dominant EF B cell responses correlate with poor clinical outcomes in severe
COVID-19 infection despite robust production of neutralizing aantibodies

nature
immunology -

/doi.org/10.1038/541590-020-00814-z

ARTICLES
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Extrafollicular B cell responses correlate with
neutralizing antibodies and morbidity in COVID-19

Matthew C. Woodruff®'2%, Richard P. Ramonell %, Doan C. Nguyen©®3, Kevin S. Cashman®’,
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Mild COVID-19
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Germline clonotypes dominate the COVID-19 ASC repertoire

yet, also evolve by isotype switch and SHM
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Substantial naive B cell contribution to circulating ASC is also supported by much lower levels of SHM
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ASC in Severe COVID-19 are enriched in 1gM and IgG1

Isotype Expression in Resting HC ASC 3 died, 2 survived
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IlgM ASC express very low mutation rate in severe COVID-19
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ASC - V gene usage (All Isotypes)
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V genes significantly increased in COVID-19 ASC: VH5-51

V genes significantly increased in HC: VH1-3, VH3-7, VH4-31



ASC - V gene usage (lgG1)
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lgG1 and IgM in COVID19 samples show less selection pressure than healthy and

healthy vaccinated samples (COVID19 n = 4, healthy n = 2, health vax n = 1)
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BASELINe quantifies selection pressure by calculating the posterior probability
density function (PDF) based on observed mutations compared to expected
mutation rates derived from an underlying SHM targeting model.

Selection is quantified via the following steps:
Bayesian Estimation of Antigen-Driven Selection in Immunoglobulin Sequences 1. CalCUlate the SeleCtiOn scores for individual seguences.

2. Group by relevant fields for comparison and convolve individual selection
Yaari et al. 2012; 2013 PDFs.

3. Plot and compare selection scores of different groups of sequences.



VH4-34 expression is over-
represented in IgG1 over other

switched isotypes
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Decreased “redemption” is similar to SLE
SLE ASC have higher overall FR1 mutation

-Increased + selection of GL autoreactivity in SLE
-Lack of selection in COVID-19?



lgM and 1gG1 compartments display significant
clonal connectivity in COVID-19 ASC
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Summary-2

* In COVID-19 ICU patients, there is an expansion of IgM+ and IgG1+ ASCs
0 IgM and IgG1 ASCs display significantly decreased SHM
O The IgG1 compartment shows increased usage of IGHV4-34

O The IgM and IgG1 compartments are clonally connected, with the highest connectivity between germline
clones

O Naive B cells showed significant clonal expansions, as large in some patients as 4-5% of the entire population

O DN and Switched memory B cells had very similar clonality between COVID and healthy, flu vaccinated
samples

O There was unusually high connectivity between Naive B cells and ASC in COVID-19 patients.
¢+ High naive = ASC connectivity also characteristic of active SLE but not of healthy, vaccinated subjects

e BASELINe analysis
O selection pressure in COVID-19 IgG1 and IgM CDR << HC and vaccinated HC
0 COVID-19 samples had slightly less hotspot mutability relative to HC

 VH4-34 FR1 GL AVY was retained in higher frequency in 2/3 COVID-19 subjects examined (the
subjects with extremely low SHM). The other subject contributed to lack of significance when

comparing the groups.
s Is the frequency/pattern of VH4-34 redemption a cause and/or marker of different autoreactivity in COVID-19?
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