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A Cytokine/Bradykinin Storm Comparison: What Is the
Relationship Between Hypertension and COVID-19?

Stephanie A. Wilczynski,' Camilla F. Wenceslau,? Cameron G. McCarthy,? and R. Clinton Webb'

As we witness the rapidly climbing
number of cases of coronavirus di-
sease 2019 (COVID-19), clinical trials
are underway for monoclonal antibody
treatments and a handful of potential
vaccines. Yet, nearly nine months into
this deadly pandemic, the Center for
Disease Control (CDC) COVID-19
Data Tracker reports that the United
States is approaching 14 million cases
and 300,000 deaths. Despite the growing
concern about the coming winter
months that will inevitably lead to ele-
vated case numbers, there is still no clear
understanding of the relationship be-
tween the severe acute respiratory syn-
drome of coronavirus 2 (SARS-CoV-2)
and the complications observed in the
renal, cardiovascular, and respiratory
systems. There are currently two pop-
ular hypotheses among researchers: (i)
the cytokine storm theory; and (ii) the
bradykinin storm theory. From the cyto-
kine storm perspective, upregulation of
cytokines is triggering the multi-system
pathological manifestations of COVID-
19, including acute lung damage and res-
piratory distress syndrome in severely
diseased patients. The newer bradykinin
storm theory stresses the importance of
the decreased angiotensin-converting
enzyme 2 (ACE2) availability within
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the epithelial cells of the lungs, leading
to an inability to degrade bradykinin
analog, des-Arg9-BK within normal
margins. ACE2 and bradykinin are both
known components of the renin-angio-
tensin aldosterone system and now are
uniquely tied into the pathophysiology
of SARS-CoV-2. This sheds an inter-
esting light on the noticeable proportion
of patients that have hypertension listed
as a comorbidity. The intricacies of these
two hypotheses have crucial overlap that
can lead to the understanding of the pa-
thology of the SARS-CoV-2 and how it
relates to the virus in severely diseased
patients.

In patients that have developed severe
cases of COVID-19, there is evidence of
a cytokine storm. Common immune re-
sponse mediators such as chemokines,
leukocytes, interferons, interleukins
(ILs), or tumor necrosis factors are ac-
tivated. These cytokines are released in
response to the viral infection and are
employed to trigger and mediate the
response to the viral infection. Studies
have identified that the cytokine inter-
leukin-6 (IL-6) is expressed at higher
levels.! In addition to IL-6 and IL-1p,
the IL-1 receptor is also present. This
large increase of immune cell recruit-
ment is what has been coined the cy-
tokine storm, leading to uncontrolled
inflammation and increased activation
of the cytokines in question. This in-
flammation within COVID-19 target
tissues can lead to vascular leakage
and further immune cell infiltration,
worsening vascular permeability and
potentially leading to edema forma-
tion. The proinflammatory cytokines
that are upregulated in sick patients
contribute to the leaky vasculature and
cell necrosis, together with antibodies
that were also found to be increased
during the course of the illness that
have effects on cardiac function and
that trigger an immune procoagulant
microvascular endotheliopathy.> This
could suggest that the cytokines follow

304 American Journal of Hypertension 34(4) APRIL 2021

an autoinflammatory pathway leading
to the production of pro-inflammatory
cytokines IL-6 and IL-18, which re-
sult in the severe pathophysiological
manifestations of COVID-19.2 Twenty-
three cytokines have been identified
in patients with different severity
of the disease that are differentially
expressed in COVID-19.2 Other signif-
icant cytokines such as tumor necrosis
factor-a and IFN-y are also increased in
patients with the SARS-CoV-2 infec-
tion.>* In patients treated with the anti-
viral agent Remdesivir, a decrease in the
levels of IL-6 in the plasma has been
demonstrated.? The use of Remdesivir
has had positive therapeutic advantages,
but it has not been a dramatically ef-
fective treatment for all symptomatic
patients. This could mean that there
could be other significant pathways
causing severe illness, and therefore
there could be additional therapeutic
targets.?

ACE2 is responsible for converting
angiotensin II (Ang II) to angiotensin
1-7 (Ang 1-7), leading to opposite
effects than those induced by Ang II,
since the latter is vasoconstrictor and
pro-inflammatory, and Ang 1-7 is vas-
odilator and anti-inflammatory. The
downregulation of ACE2 not only
increases the levels of Ang II, but it also
leads to increased levels of des-Arg(9)-
bradykinin (DABK) which is associated
with acute lung damage and inflam-
mation.” The subsequent dysregulation
allows for a bradykinin storm to occur;
with the lack of breakdown of DABK
via ACE2, there will be high levels of
free BK available to act on target cells
(Figure 1). Bradykinin (BK) is crucial in
causing vasodilation and hypotension.
Rarely, there are urticarial reactions and
a few cases of angioedema have been re-
ported, mostly in patients taking ACE
inhibitors, which can occur in absence of
COVID-19. DABK is known to bind to
not only bradykinin-1 receptors (B,Rs),
but also to bradykinin-2 receptors
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(B,Rs) (Figure 1).° IL-1 and IL-6 are
upregulated by SARS-CoV-2 infec-
tion, and their effects are added to the
actions induced by the enhanced gener-
ation of BK in the lungs and throughout
the body.? IL-1 and IL-6 also stimulate
the expression of B;Rs and can subse-
quently lead to the bradykinin storm
that may be critical in the severity and
wide-spread symptoms of COVID-19.
Additionally, in patients who have been
admitted to the ICU, there has been ev-
idence of reduced amounts of serpin
family A member 12 (SERPINA12) and
dipeptidyl peptidase-4 (DPP4). These
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factors are normally responsible for
suppression of kallikrein-mediated in-
flammation. However, with decreased
levels of SERPINA12 and DPP4 in
COVID-19 patients, the kallikrein-
kinin system becomes even more active,
supplementing the bradykinin storm
and triggering the symptoms associ-
ated with more severe disease.® With
enhanced generation of BK, the conse-
quence will be severe multisymptomatic
COVID-19 pathological changes.® With
COVID-19 impacting the kallikrein-
kinin system in a major way, there are
many mediators that can influence the
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severity of the disease. Some of these
must be addressed when discussing
the impact on those patients who are
hypertensive.

In the heat of the pandemic, there
was growing concern about the use of
ACE inhibitors in patients who became
COVID positive; while this has since
been discounted, there are still plenty of
unanswered questions when it comes to
the relationship between cardiovascular
disease and COVID-19. Those who are
on a regimen of ACE inhibitors are nor-
mally at risk for angioedema by an in-
crease in BK levels. When considering the
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Figure 1. ACE2 is present in the alveolar epithelium and is the receptor for SARS-CoV-2 via the spike protein. Following binding, there is decreased
availability of ACE2 and therefore decreased activity. This downregulation of ACE2 by COVID-19 results in increases in the substrates of ACE2, Angll and
BK.6 COVID-19 infection also shows evidence of an increase in HA synthase 2 expression which will upregulate the production of HA and can lead to
fluid retention and decreased gas permeability and acute respiratory distress syndrome often seen in COVID-19 patients.® In response to the infection,
the pro-inflammatory cytokine, IL-6, is upregulated. This overexpression of IL-6 indirectly causes an increase in B1Rs on the cell surface and also indi-
rectly causes the downregulation of SERPINA12, a suppressor for bradykinin, subsequently increasing the cell’s affinity for the uninhibited bradykinin.
Abbreviations: ACE2, angiotensin-converting enzyme 2; Ang ll, angiotensin II; AT,R, angiotensin Il receptor type 1; AT,R, angiotensin Il receptor type 2;
BK, bradykinin; B;R, bradykinin-1 receptor; B,R, bradykinin-2 receptor; COVID-19, coronavirus disease 2019; HA, hyaluronic acid; HMW, high molecular
weight; IL-6, interleukin-6; SARS-CoV-2, severe acute respiratory syndrome of coronavirus 2; SERPINA12, serpin family A member 12.'2
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mortality from severe cases of COVID-
19, it has been reported that nearly 30%
of the deaths share hypertension as a co-
morbidity.” Additionally, within the pop-
ulation of patients with severe disease
that experienced acute respiratory dis-
tress syndrome and died, almost 27% of
those patients were hypertensive.”

The cytokine and bradykinin storm
theories offer intriguing explanations to
the diverse array of symptoms and organ
systems affected after SARS-CoV-2 in-
fection. They offer crucial novel ther-
apeutic targets to prevent multi-organ
failure in patients most severely affected
by the virus, including hypertensive
patients.
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