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transcriptional co-activator function

through interacting with and co-activating

numerous transcription factors (Fernan-

dez-Marcos and Auwerx, 2011). Interest-

ingly, chromatin immunoprecipitation

(ChIP) assay with anti-PGC-1a antibodies

showed an enrichment of the mtDNA light

strand promoter. Although a putative

PGC-1a consensus site was proposed

to be located in the light strand promoter

of mtDNA, it is still possible that the action

of PGC-1a on circRNA SCAR expression

is indirect. Does PGC-1a function as a

transcriptional co-activator for mitochon-

drial transcription factor A (TFAM) by indi-

rectly promoting the mtDNA transcrip-

tion? (5) What are the mechanisms of

how the ER stress-induced CHOP sup-

presses PGC-1a expression in liver fibro-

blasts? (6) Is the decreased expression of

SCAR in NAFLD/NASH patient liver tis-

sues coupled to decreased expression

of PGC-1a? Does enhancing SCAR levels

in human liver fibroblast mitochondria

improve NASH therapeutic outcomes?

(7) What are the mechanisms driving
how cROS activate liver fibroblasts? The

answers to these questions will yield

new insights and reveal a more compre-

hensive picture of how circRNAs regulate

mitochondrial functions and liver disease.
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Understanding which arms of the immune response are responsible for protection against SARS-CoV-2
infection is key to predicting long-term immunity and to inform vaccine design. Two studies in this issue
of Cell collectively suggest that, although SARS-CoV-2 infection may blunt long-lived antibody responses,
immune memory might still be achieved through virus-specific memory T cells.
Current limited data suggest that SARS-

CoV-2 induces some degree of immunity.

To date, there is only one definitive report

of reinfection within 4 months, proven by

genetic sequencing of the virus (To

et al., 2020), and in one small study rhesus

macaques appeared protected against
reinfection (Deng et al., 2020). Although

it is early days, and this immunity may

not last long, it is good news for the pros-

pects of having an effective vaccine,

which should ideally generate the type of

immune response that affords protection

from reinfection.
CD8+ T cells, CD4+ T cells, and B cells

play important roles in the clearance of

most viral infections, and immunological

T and B cell memory generated after re-

covery is instrumental in protecting the

host from severe disease upon re-expo-

sure. However, the success of most
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effective vaccines to date largely hinges

on the generation of a potent and lasting

antibody response, by virtue of the induc-

tion of memory B cells and long-lived

plasma cells that provide a continuous

supply of high-affinity antibodies that

circulate and survey our bloodstream

and mucosal surfaces. These antibodies

can bind to and neutralize the virus even

at minute concentrations.

While a lot of attention has been placed

in antibody-based immunity, there is

increasing evidence that T cells play a

major role in the resolution of COVID-19

(Chen and John Wherry, 2020), but

whether SARS-CoV-2 generates long-

term memory T cell responses and

whether these are important for lasting

immunity are still unclear. These ques-

tions are important because vaccines

are generally less effective at eliciting

CD8 T cell responses.

In this issue of Cell, two separate

studies address the formation of long-

lived immunity to SARS-CoV-2. Kaneko

et al. report that severe SARS-CoV-2 in-

fections blunt the germinal center

response, which is likely to dampen the

generation of long-lived antibody re-

sponses (Kaneko et al, 2020). The authors

set out to establish the root cause of the

reported short-lived humoral response to

SARS-CoV-2, which was also character-

istic of related coronaviruses causing se-

vere infection in humans such as SARS

and MERS. For SARS infections, this

was thought to be caused by a lack of

germinal center (GC) responses (Gu

et al., 2005). GCs are transient microana-

tomical environments that form after anti-

gen-activated B cells receive help from a

specialized CD4 T cell subset known as

follicular T helper (TFH) cells. Within GCs,

B cells undergo clonal expansion and af-

finity maturation and receive further help

from TFH cells to differentiate into memory

B cells or long-lived plasma cells.

Kaneko et al. investigate GC B cell re-

sponses in individuals succumbing to

SARS-CoV-2. The authors conducted

extensive multicolor histological assess-

ments of post-mortem thoracic lymph no-

des and spleens. As for SARS, they found

that GCs were also largely absent during

the acute phase of COVID-19. The lack

of GCs was accompanied by an absence

of BCL6-expressing B cells or TFH cells,

which are indispensable for the genera-
14 Cell 183, October 1, 2020
tion of GCs. Furthermore, an analysis of

CD4 T cell composition in situ revealed

an enrichment of TBET-expressing

T cells with a concomitant increase of

TNF-a.

The authors speculate that excessive

TNF-a hampers the formation of GC re-

sponses in COVID-19 through blocking

TFH cell differentiation and promoting

TH1 responses. Precedents for TNF-

mediated GC blockade have been re-

ported in the context of Ehrlichia muris

infection (an intracellular bacterial dis-

ease) (Popescu et al., 2019) as well as in

severe malaria (Ryg-Cornejo et al.,

2016). In both infection models, TNF-a

blockade restores GC responses.

Although TNF-a is indispensable for GC

responses in vivo, this is explained by its

role in lymphoid development and in es-

tablishing the architecture of secondary

lymphoid organs (Pasparakis et al.,

1996). Thus, the findings by Kaneko and

colleagues suggest that TNF-a blockade

in severe COVID-19 infection may not

only prevent excessive inflammation but

also enable development of long-lived,

GC-derived, antibody responses.

Altogether, their data suggest that a

lack of GC responses may account for

the variable and often low and short-lived

antibody responses observed in COVID-

19 patients. Nonetheless, given that all

their analyses were conducted using tis-

sue obtained from fatal COVID-19 cases,

whether GCs are also abrogated in the

average milder COVID-19 infections re-

mains unknown. It is possible that the

short-lived B cell antibody responses are

the result of thymus-independent (TI) B

cell activation. Although the authors inter-

pret the presence of AID+ B cells as a sign

of robust T:B cell interactions, TI re-

sponses can also be isotype switched,

are short lived, and can be induced by

highly repetitive epitopes coating viral

capsids or by activation of Toll-like recep-

tors binding to viral nucleic acids.

In their complementary study, Sekine

and colleagues conduct an extensive

characterization of T cell immunity in pa-

tients suffering from COVID-19 of various

degrees of disease severity and at various

stages post infection (Sekine et al., 2020).

They find SARS-CoV-2-specific memory

T cells in most convalescent individuals,

including asymptomatic cases and those

with undetectable antibody responses.
In individuals with acute infection,

T cells displayed an activated phenotype,

whereas convalescent patients harbored

SARS-CoV-2-specific CD8 T cells with a

phenotype reminiscent to early differenti-

ated memory T cells. Expression of TCF-

1 by these cells suggests that they may

possess a stem cell-like phenotype that

endows them the ability to differentiate

into multiple effector T cell subsets upon

re-infection. Thus, a second SARS-CoV-

2 encounter could potentially mount

effective GC responses should these

memory T cells give rise to TFH cells.

Interestingly, SARS-CoV-2-specific

memory T cells were detected in exposed

seronegative healthy individuals (relatives

of confirmed cases), indicative of asymp-

tomatic infection. Remarkably, �93% of

‘‘exposed asymptomatic’’ individuals

mounted detectable T cell responses to

SARS-CoV-2 despite only 60% of cases

being seropositive (Figure 1). This sug-

gests that asymptomatic infections may

be more common than current data sug-

gest and that immunosurveillance

through antibody testing alone may un-

derestimate infection prevalence or popu-

lation immunity. The presence of SARS-

CoV-2-specific T cells in the majority of

convalescent patients is a promising

sign that infection may give rise to immu-

nity, but whether these T cells afford pro-

tection from reinfection remains to be

tested.

A smaller but consistent fraction of

samples collected in mid-2019 (i.e., ‘‘un-

exposed individuals’’) also revealed

SARS-CoV-2-reactive memory T cells,

which was not entirely unexpected. There

are currently four known strains of coro-

naviruses that circulate seasonally

throughout the population (Moriyama

et al., 2020), and extensive T cell cross

reactivity across these strains of viruses

has been documented (Mateus et al.,

2020). Unexposed individuals that harbor

cross-reactive T cells may be protected

from severe disease, but whether the

presence of these cells may negatively in-

fluence the generation of protective im-

munity remains to be tested.

On the basis of these results, it is

tempting to speculate that although

optimal protective immunity induced by

COVID-19 infection may rely on the pro-

duction of both memory T cells and GC-

derived long-lived plasma cells, either



Figure 1. Seropositivity to SARS-CoV-2 May Underestimate COVID-19 Prevalence or

Immunity
Quantification of the percentage of individuals with detectable T cell responses, serum antibodies, or
germinal centers across SARS-CoV-2-exposed individuals (either asymptomatic or those with mild or
severe COVID-19 symptoms) or two cohorts of seemingly healthy unexposed individuals (blood samples
collected either before or during the COVID-19 pandemic). Serum antibodies and T cell responses are
found in most patients with either severe or mild COVID-19. GC responses are absent in severe cases of
COVID-19, but whether they are detectable in mild or asymptomatic individuals remains unknown. Most
asymptomatic COVID-19 cases showed strong T cell responses even if only �60% of these individuals
were seropositive for SARS-CoV-2.
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response alone may confer some protec-

tion against severe disease. There is

abundant evidence of redundancy and di-

versity in the immune system that ensures

a level of protection against infection

in situations in which a branch of immunity

is compromised. Finding potent memory

CD8+ and CD4+ T cell responses elicited

during asymptomatic infections even in

the absence of detectable antibody re-

sponses increases our hopes of protec-

tive immunity post-SARS-CoV-2 infec-

tion. However, robust memory CD8+

T cell responses may be difficult to reca-

pitulate with vaccination, which will likely
be more reliant on the induction of potent

high-affinity neutralizing antibodies.
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