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Objectives

1. 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-19 infection

3. Molecular regulation of abnormal B cell responses in 
SLE



Extra-Follicular                   
B cell Pathway

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

PB/PC

Bmem

Tipton et al.  Nat Immunol 2015; J
enks et al.  Immunity 2018; Scharer et al.  
Nat Immunol 2019

Human Extra-Follicular 
B cell Pathway

- Activated naïve B cells
(aN) and DN2 cells are
very closely related to
DN2 cells (45 DEGs)

- Switched memory and
DN1 are almost
identical (22 DEGs)

- 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

Human Post-GC 
B cell pathway



Different pathways contribute to             
B cell hyperactivity in SLE

The extra-follicular pathway in human SLE



Tipton et al.  Nat Immunol 2015; Jenks et al.  Immunity 2018;                  
Scharer et al. Nat Immunol 2019; Woodruff et at. Nat Immunol 2020
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The relevance of extrafollicular naïve B cell 
differentiation in autoimmunity and infection 

Why are naïve B cells important and competitive 
with pre-established autoimmune memory cells?

• High % of autoreactive naive B cell (30%) 

↑↑ total numbers > autoreactive memory cells
• Powerful generation of autoreactive ASCs through 

an EF pathway devoid of tolerance checkpoints?
• Adept at generating GCs
• May generate long-lived memory and PC



DN2 B cells are uniquely expanded in active childhood SLE



CD86 high activated naïve B cells and early Lupus flare



• 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



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.



Accumulation of T-bet+ B cells in 
non-GC areas of LN in HIV infection

James W. Austin et al., Sci Transl Med 2019

Atypical Memory B cells are not 
atypical and mostly non-memory

Can we now move on?



Distinct B cell abnormalities in SLE revealed by multidimensional FCM



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

T-bet+/CD21- B cells

ABC (Age-Associated B cells)
ABC (Activated B cells) –LLPC precursors

CD21- Activated Memory B cells
CD21- Naïve B cells

Exhausted Memory Cells
Atypical Memory Cells
TLR7-activated T1 cells

Mice & Humans  Humans Mice



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



Resting Naïve 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

Scharer at el.  Nat Immunol 2019



Chromatin accessibility in DN2 B cells is driven by T-BET, 
AP-1 and EGR transcription factors

• 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

Sustained NF-κB Signaling in Be1 
Cultures Prevents ASC Development.  

Stone et al (Lund) 
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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

Matt Woodruff Rich Ramonell



9G4 Autoantibodies



Severe COVID-19 

Mild COVID-19 



Germline clonotypes dominate the COVID-19 ASC repertoire 
yet, also evolve by isotype switch and SHM 



Substantial naïve B cell contribution to circulating ASC is also supported by much lower levels of SHM

Tipton et al.              
Nat Immunol 2015



Isotype Expression in Resting HC ASC 

Isotype Expression in COVID-19 ICU ASC 

ASC in Severe COVID-19 are enriched in IgM and IgG1

Matt Woodruff

Chris Tipton



IgM ASC express very low mutation rate in severe COVID-19

IgG1 ASC express very low mutation rate in severe COVID-19



ASC - V gene usage (All Isotypes)

• ALL ISOTYPES
• 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 (IgG1)

IgG1
• V genes significantly increased in COVID-19 ASC: VH2-5
• V genes significantly increased in HC: VH1.3, VH3.15, VH3.33, VH4.30.2, VH4-31, VH4-61



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:
1. Calculate the selection scores for individual sequences.
2. Group by relevant fields for comparison and convolve individual selection 
PDFs.
3. Plot and compare selection scores of different groups of sequences.

IgG1 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)

Yaari et al.  2012; 2013

IgG1

IgM



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

switched isotypes 

AVY unmutated VH4-34 is over-
represented in COVID vs HC ASC 

• 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?



IgM and IgG1 compartments display significant 
clonal connectivity in COVID-19 ASC

IgM  IgG1 connectivity is disproportionally 
contributed by low mutation clones 

Connectivity metric: 
Simpson index subtracted 
from 1 (x = 1 - Simpson Index)



Summary-2
• In COVID-19 ICU patients, there is an expansion of IgM+ and IgG1+ ASCs

o 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 naïve ASC connectivity also characteristic of active SLE but not of healthy, vaccinated subjects

• BASELINe analysis
o selection pressure in COVID-19 IgG1 and IgM CDR << HC and vaccinated HC
o 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.

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