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The health of insulin-producing B cells is critical for normoglycemia. Wu et al.” and Tang et al.? provide evi-
dence in vitro that B cells can be infected by SARS-CoV-2 virus, possibly contributing to worsening hypergly-
cemia seen during the COVID-19 pandemic.

The SARS-CoV-2 virus has created the
COVID-19 global pandemic, leading to
over 4 million deaths worldwide, accord-
ing to the World Health Organization.
Whereas the acute respiratory effects
of SARS-CoV-2 infection are apparent,
the long-term consequences of the
virus remain unknown. Since the initial
months of the pandemic, there has
been much discussion of the relationship
between SARS-CoV-2 and diabetes.
Studies have highlighted the increased
COVID-19 severity and mortality in pa-
tients with diabetes.> Moreover, there
appear to be higher rates of hyperglyce-
mia and diabetic ketoacidosis in patients
with diabetes who develop CovID-19.*
However, what remains unclear at pre-
sent is whether infection with SARS-
CoV-2 might itself precipitate new-onset
diabetes, or possibly predispose patients
to the development of diabetes in the
longer term. Regardless, a key aspect
of either exacerbation or initiation of
diabetes is the health and viability of islet
B cells, the relatively small number of
which are responsible for the secretion
of insulin. The loss or dysfunction of B
cells is considered an underlying feature
of all forms of diabetes, and therefore
the potential that SARS-CoV-2 might
infect these cells becomes salient with
respect to both short- and long-term
sequelae of COVID-19. Prior studies
have demonstrated expression of the
major SARS-CoV-2 entry factors ACE2
and TMPRSS2 in human B cells.> How-
ever, in the absence of functional data, it
has remained speculative if levels of
these entry factors correlate with the
ability of the virus to infect B cells.

Two studies published recently by Wu
etal.” and Tang et al.? address the poten-
tial for B cell infection by SARS-CoV-2.
The authors of both studies asked several
key questions: Do B cells contain factors
conducive to viral entry? Can the virus
enter B cells under conditions in vitro?
What is the consequence of viral infection
with respect to B cell function and sur-
vival? In the studies of Wu et al., the au-
thors confirm the previously identified
low levels of ACE2 and TMPRSS2 in B
cells®” but suggest that additional entry
factors—NRP1 and TRFC—may provide
conduits for viral entry. The authors
show that infection of isolated human is-
lets with SARS-CoV-2 virus results in viral
entry and islet dysfunction, as evidenced
by reduced insulin secretion to glucose
(Figure 1, left arm). Phosphoproteomics
analysis revealed that the mitogen-
activated protein kinase (MAPK)/c-Jun
N-terminal kinase (JNK) pathways are
subsequently activated and contribute to
apoptosis of B cells. The importance of
NRP1 as an entry factor was supported
by experiments showing that its chemical
inhibition partially reversed the dysfunc-
tion seen upon viral infection.

The studies of Tang et al. also demon-
strate the presence of entry factors—
ACE2 and NRP1—in human B cells and
show that B cells can be infected by
SARS-CoV-2 in vitro. Additionally, these
authors show that reduced insulin levels
in infected cells are accompanied by in-
creases in glucagon (a characteristic of o
cells) and trypsin1 (a characteristic of
exocrine cells) (Figure 1, right arm). This
phenotypic alteration, or transdifferentia-
tion, appears to be mediated by the acti-

vation of the kinase PKR and its inhibition
of the translation factor elF2a—events
collectively referred to as the integrated
stress response. An inhibitor of this
response, trans-ISRIB, attenuated trans-
differention and restored insulin produc-
tion in B cells following infection.

Limitations should be noted in these
studies. Both were conducted using
human islets infected in vitro, and it is
unknown if conditions conducive to
viral entry into B cells exist in vivo in indi-
viduals with COVID-19. Although both
studies demonstrated evidence of viral
antigens in some autopsy samples from
COVID-19 patients, the possibility that
this represents uptake of viral debris
(rather than actual virus) cannot be
excluded. Also, given the heterogeneity
of human islets, it remains possible that
infectivity observed in vitro might be
restricted to certain individuals. In this
regard, not all autopsy samples interro-
gated in these studies showed clear
evidence of viral particles in  cells. There-
fore, a clearer understanding of the clin-
ical characteristics of individuals who
might be more susceptible to B cell infec-
tion should be investigated.

Collectively, the studies by Wu et al.
and Tang et al. and another recent study
by Miiller et al.® highlight several key
concepts that have arisen about current
perspectives on the pathogenesis of
diabetes: First, it has been proposed
that viral infection may be a trigger that
initiates development of autoimmunity
against B cells in type 1 diabetes. In a
recent publication, Qadir et al.” demon-
strated pancreatic fibrosis and throm-
bosis accompanying new-onset diabetes
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Figure 1. SARS-CoV-2 virus infects human B cells, causing cell death and trans-
differentiation leading to reduced insulin output

Upon infection with SARS-CoV-2 virus, human islets activate the mitogen-activated protein kinase (MAPK)
signaling pathway (left) and the integrated stress response pathway (right), highlighted by key phos-
phorylation events (indicated by orange circles on JNK/p38, PKR, and elF2alpha). Activation of these
pathways lead to B cell apoptosis and transdifferentiation, respectively, resulting in decreased j cell insulin
levels and lower glucose-stimulated insulin secretion. JNK, c-Jun N-terminal kinase; PAK, p21-activated
kinase; PKR, protein kinase R; elF2alpha, eukaryotic translation initiation factor 2 alpha.

in both human patients and non-human
primates with COVID-19. Despite these
findings, there does not appear to be a
clear increase in type 1 diabetes inci-

dence during the pandemic.’® Because
type 1 diabetes develops months to years
after the initiation of autoimmune B
cell destruction, longer-term follow-up
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studies of COVID-19 patients are needed
to determine the effect of infection upon
development of type 1 diabetes. Second,
in the case of type 2 diabetes, exacerba-
tion of the disease is thought to be closely
related to the death and/or phenotypic
alteration of B cells. Both of these pro-
cesses were observed in the studies
noted here (see Figure 1), and both
studies showed evidence of viral pres-
ence in B cells in autopsy specimens,
lending credence to the notion that direct
infection of B cells by SARS-CoV-2 might
be exacerbating hyperglycemia. Finally,
these studies emphasize potential thera-
peutic approaches in the setting of acute
COVID-19, whereby therapies targeting
viral entry and/or the integrated stress
response might attenuate short-term hy-
perglycemia and possibly longer-term
sequelae on B cells that are yet to be
defined.
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