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COVID-19 induces lower extent of cytokines, but
damages vascular endothelium by IL-6 signaling
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We appreciate the constructive comments by Cheng
et al. (1), who performed an intensive statistical analy-
sis of cytokine levels in patients with COVID-19. Their
work applies the inverse-variance weighted (IVW)
method and anMR-Egger regression on a large number
of patients for a statistical analysis to identify COVID-19
risk factors. Consistent with our previous work (2), the
results of these analyses suggest that the plasma from
patients with COVID-19 has significantly lower levels of
interleukin (IL)-8, IL-10, and monocyte chemoattractant
protein (MCP)-1, compared with that from patients with
other types of cytokine release syndrome (CRS).

Previously, we proposed that the elevation of four
proinflammatory cytokines, that is, IL-6, IL-8, IL-10,
and MCP-1, in combination with the elevation of co-
agulation cascade activator plasminogen activator
inhibitor-1 (PAI-1) is a common feature of different
types of CRS including bacterial sepsis and acute re-
spiratory distress syndrome (ARDS) (2). To understand
the pathogenesis of COVID-19−induced CRS, we an-
alyzed the spectrum of elevated cytokines in seven
patients who were critically ill with COVID-19 and in
healthy controls. We identified that levels of PAI-1
were comparable with those of other CRS types, and
are highly correlated with severity of COVID-19. In
contrast, the levels of the proinflammatory cytokines
including IL-6, IL-8, IL-10, and MCP-1 in COVID-19
cases were not high in comparison with those observed
in bacterial CRS cases. Additionally, we identified that
IL-6 trans-signaling−induced PAI-1 signaling plays a crit-
ical role in the pathogenesis of critically ill COVID-19

patients. This mechanism can explain the death of
COVID-19 patients who presented with endotheliitis
and thrombosis, and it supports observations that treat-
ment with anti−IL-6 receptor monoclonal antibody,
tocilizumab, can be effective for such patients.

The IL-6 concentrations in patients with COVID-19
are significantly lower than those in patients with sep-
sis or ARDS patients (2, 3). COVID-19 patients were
heterogeneous, from critical to severe cases, in the
primary analysis, with a broad range of IL-6 concentra-
tions, from 6.5 pg/mL to 357.2 pg/mL (3). Notably,
severe acute respiratory syndrome coronavirus 2
infection causes pulmonary endothelial injury and
increases IL-6 production by endothelial cells (4).
Moreover, several in vitro data from multiple studies
indicate that IL-6 trans-signaling in vascular endothe-
lial cells can induce the production of IL-6, IL-8, and
MCP-1. The extent to which severe COVID-19 causes
endothelial injury can depend on the site of insult and
the basis of systemic inflammatory profiles (5, 6). Im-
portantly, the levels of acute-phase proteins such as
C-reactive protein, which is induced by IL-6, and
D-dimer were elevated in patients with COVID-19,
and the concentrations of these proteins were compa-
rable between patients with COVID-19 and those with
sepsis. Increasing IL-6 levels might function in endo-
thelial activation and the coagulation cascade in pul-
monary tissue; this possibility supports the findings
of recent clinical trials indicating that IL-6 signaling-
inhibiting therapeutics are beneficial for treating se-
vere cases of COVID-19 (7, 8).
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