Journal of Thrombosis and Thrombolysis (2022) 53:581-585
https://doi.org/10.1007/511239-021-02597-y

=

Check for
updates

The role of lipoprotein(a) in coronavirus disease 2019 (COVID-19)
with relation to development of severe acute kidney injury

Giuseppe Lippi' - Ivan Szergyuk? - Maria Helena Santos de Oliveira® - Stefanie W. Benoit*® - Justin L. Benoit® -
Emmanuel J. Favaloro” - Brandon Michael Henry®®

Accepted: 21 October 2021 / Published online: 28 October 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC, part of Springer Nature 2021

Abstract

Lipoprotein(a) (Lp(a)) is a prothrombotic and anti-fibrinolytic lipoprotein, whose role has not been clearly defined in the
pathogenesis of coronavirus disease 2019 (COVID-19). In this prospective observational study, serum Lp(a) as well as out-
comes were measured in 50 COVID-19 patients and 30 matched sick controls. Lp(a) was also assessed for correlation with
a wide panel of biomarkers. Serum Lp(a) did not significantly differ between COVID-19 patients and sick controls, though
its concentration was found to be significantly associated with severity of COVID-19 illness, including acute kidney failure
stage (r=0.380, p=0.007), admission disease severity (r=0.355, p=0.013), and peak severity (r=0.314; p=0.03). Lp(a)
was also positively correlated with interleukin (IL)-8 (r=0.308; p=0.037), fibrinogen (r=0.344; p=0.032) and creatinine
(r=0.327; p=0.027), and negatively correlated with ADAMTS13 activity/ VWF:Ag (r=— 0.335; p=0.021); but not with
IL-6 (r=0.241; p=0.106). These results would hence suggest that adverse outcomes in patients with COVID-19 may be
aggravated by a genetically determined hyper-Lp(a) state rather than any inflammation induced elevations.
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Highlights e Secondary thrombotic microangiopathy-induced severe
AKI may also be mediated by elevated Lp(a) and IL-8.

e Further research should focus on examining for asso-
ciations between apo(a) gene polymorphisms and
COVID-19 outcomes, as well as elucidating the precise
mechanism of Lp(a) and IL-8 in the pathophysiology of

e Serum Lp(a) elevation is correlated with illness severity
at admission and at peak, as well as acute kidney injury
stage in COVID-19 patients.

e Given no correlation with IL-6, an inherited hyper-Lp(a) COVID-19.
state rather than an inflammation-driven increase may
contribute to enhanced risk of micro- and macro-throm-
bosis in COVID-19 patients.
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Introduction

Multiple organ failure (MOF) in coronavirus disease 2019
(COVID-19) patients has been associated with a dysreg-
ulated immune response and an eventual vasculopathy-
mediated hypercoagulable state called COVID-19 associ-
ated coagulopathy (CAC), often culminating in clinically
apparent thrombosis [1-3]. Klok et al. reported that nearly
one-third of ICU COVID-19 patients developed throm-
botic complications [4], whilst Middeldorp and colleagues
found an 59% incidence of venous thromboembolisms
(VTE) in ICU COVID-19 patients [5]. These findings
have been attributed to a virus-mediated impairment of
endothelial integrity and platelet function, followed by
hemostasis activation and decreased fibrinolysis [6]. No
evidence of a direct effect of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) on atherosclerotic
plaque progression has been found [6]. Previous research
has largely focused on the interplay between SARS-CoV-2
and the most representative subsets of lipid and lipoprotein
(e.g., total cholesterol, triglycerides, high- and low-density
lipoproteins), linking hypolipidemia with disease severity
and length of hospitalization [7-9], however overlooking
other lipids and lipoproteins which may play an equally
important role in this clinical setting.

Given its highly atherogenic and anti-fibrino-
lytic properties [10], and capacity to be activated by
interleukin(IL)-6 [11], lipoprotein(a) (Lp(a)) might be
an important etiological factor in COVID-19 complica-
tions, bridging a dysregulated immune response with
thrombosis. Besides being a well-established risk factor
for cardiovascular disease, particularly through accu-
mulation in arterial intima, and binding of proinflam-
matory oxidized phospholipids [12, 13], Lp(a) has also
been found to increase plasminogen activator inhibitor-1
(PAI-1) expression and antagonize tissue factor pathway
inhibitor. While apolipoprotein(a) (apo(a)), a unique pro-
tein moiety characterizing this lipoprotein, can directly
inhibit the conversion of plasminogen into plasmin, and
the binding of plasminogen to fibrin clots, thus trigger-
ing a highly pathogenic state of concomitant hyperco-
agulation and hypofibrinolysis [14, 15]. A case control
study by von Depka et al. found 3.2-fold increased odds
of elevated Lp(a) levels in patients with VTE compared
to healthy controls [16], while a meta-analysis by Nave
et al. discovered 41% increased odds of Lp(a) elevations
in patients with ischemic stroke [17]. Research on whether
Lp(a) levels increase during inflammatory states is mixed.
Lp(a) levels have been correlated with CRP in rheumatoid
arthritis and dialysis patients [18, 19]. However, a larger
study on a total of 34,829 individuals found that elevated
CRP had only a minimal influence on Lp(a) levels, and did
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not alter the ability of Lp(a) to predict cardiovascular risk
[20]. Nonetheless, in an attempt to help elucidate this mat-
ter, a more recent study found not only that Lp(a) levels
correlated with IL-6, but through transcriptomic analy-
sis and interleukin blockade by tocilizumab uncovered
that the gene encoding for apo(a), LPA, contains an IL-6
responsive element, which when activated during pro-
inflammatory states (e.g., infections), may boost mRNA
expression and liver synthesis of Lp(a) [11]. It is hence
conceivable that the hyperinflammatory state of COVID-
19, involving significant increases in IL-6, may elevate
serum Lp(a), and increase thrombotic risk.

The aim of this study was to measure Lp(a) levels in a
cohort of COVID-19 patients presenting to the emergency
department (ED), and explore its role in the pathophysiology
of the disease by looking for relationships with biomarkers
of inflammation and hemostasis, disease severity, as well as
development of severe acute kidney injury (AKI) given our
previous observations of secondary thrombotic microangi-
opathy (TMA) involving the kidneys [21].

Serum Lp(a) levels were measured in blood samples col-
lected from patients with reverse transcriptase-polymerase
chain reaction (RT-PCR) confirmed SARS-CoV-2 infection,
as well as in matched sick controls (respiratory symptoms
with a non-COVID-19 discharge diagnosis and confirmed
RT-PCR negative), at ED presentation to the University of
Cincinnati Medical Center. Serum Lp(a) was quantified with
an immunonephelometric assay on a Behring Nephelometer
IT System (BN II; Siemens Medical Solutions USA, Inc.).
The primary outcome was development of severe AKI over
the course of illness, defined by Kidney Disease Improving
Global Outcomes (KDIGO) Stage 2 and 3 based on serum
creatinine (SCr) criteria [22]. Secondary outcomes were
need for renal replacement therapy (RRT) within 30 days of
index ED visit, and initial ED and peak COVID-19 sever-
ity, defined as mild (ambulatory), moderate (hospitalized,
no ICU), or severe (ICU or death). Continuous data was
reported as median and interquartile range (IQR). Compari-
son of serum Lp(a) levels between groups was performed
using Mann—Whitney U test. Spearman’s correlation coef-
ficient was used to assess for correlation between Lp(a)
and admission disease severity, peak disease severity, and
KDIGO AKI stage. Additionally, correlations between Lp(a)
and inflammatory, hemostatic, and fibrinolytic biomarkers
such as C-reactive protein (CRP), IL-6, IL-8, IL-10, lactate
dehydrogenase (LDH), fibrinogen, plasminogen, plasmino-
gen activator inhibitor-1 (PAI-1), a disintegrin and metallo-
proteinase with a thrombospondin type 1 motif, member 13
activity to von Willebrand factor antigen ratio (ADAMTS13
activity/ VWF:Ag), D-dimer, platelets, prothrombin time
(PT), as well as kidney function tests, including ED creati-
nine, and serum creatinine (SCr) increase ratio were exam-
ined using Spearman’s correlation coefficient. Statistical
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analysis was performed using R software (version 4.0.2, R
Foundation for Statistical Computing, Vienna, Austria), with
p <0.05 considered significant. This study was approved by
the Institutional Review Board (IRB) of the University of
Cincinnati and received a waiver of informed consent due
to minimal risk to participants. This study was conducted in
accordance with the Declaration of Helsinki, under the terms
of relevant local and national legislation.

A total of 80 patients were enrolled. The COVID-19
cohort included 50 patients, 30 (60%) of whom were males,
with median age of 50.5 (IQR 40.5-66.0) years. Of the 30
sick controls, 20 (66.7%) were males, with median age of
55.5 (IQR 33.2-63.7) years. There were no significant dif-
ferences with regard to sex (p=0.721) or age (p=0.591).
Serum Lp(a) levels didn’t differ significantly between
COVID-19 patients and sick controls (0.1 [IQR 0.03-0.26]
vs. 0.2 [IQR 0.08-0.47] g/L; p=0.098).

Twelve (24%) COVID-19 patients developed severe AKI,
with 8 (67%) needing RRT. At ED presentation, 19 (38%)
patients had mild severity, 25 (50%) moderate severity,
and 6 (12%) severe COVID-19. At peak, 15 (30%) devel-
oped severe disease. Full demographics and comorbidi-
ties are presented in Supplementary Table 1. Lp(a) levels
according to AKI status are presented in Fig. 1. COVID-
19 patients who developed severe AKI had significantly
higher Lp(a) (0.24 [IQR 0.13-0.29] vs 0.07 [0.02-0.21]
g/L; p=0.008) and levels were positively correlated with
KDIGO AKI stage (r=0.380, p=0.007). Patients needing
RRT had elevated Lp(a) levels; however, the difference did
not reach statistical significance (0.21 [IQR 0.13-0.26] vs.
0.08 [IQR 0.03-0.25] g/L, p=0.059). Serum Lp(a) levels
were significantly correlated with admission disease severity
(r=0.355, p=0.013), and peak severity (r=0.314; p=0.03).
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Fig. 1 Lipoprotein(a) levels measured at emergency department pres-
entation according to AKI severity defined by KDIGO. *p=0.007 for
Spearman’s correlation coefficient

Lp(a) was also positively correlated with IL-8 (r=0.308;
p=0.037), fibrinogen (r=0.344; p=0.032) and ED creati-
nine (r=0.327; p=0.027), and negatively with ADAMTS13
activity/ VWF:Ag (r=— 0.335; p=0.021) (Supplemental
Table 2). Notably, Lp(a) and IL-6 levels were not correlated
(r=0.241; p=0.106).

To the best of our knowledge, this study is the first to
report Lp(a) measurements in COVID-19, exploring its rela-
tionship with disease severity. Taken together, our results
demonstrate that elevated Lp(a) in COVID-19 patients is sig-
nificantly correlated with higher admission and peak disease
severity, as well as development of severe AKI. COVID-19
patients with severe AKI are predisposed to significantly
worse outcomes, including prolonged ICU stays and high
rates of mortality [23, 24]. Therefore, findings of elevated
Lp(a) offer valuable insights into therapeutic potential of
Lp(a)-lowering interventions.

Our study also investigated whether Lp(a) could associate
with poor outcomes in COVID-19 patients via aggravating
thrombosis. Moriarty et al. speculated that the hyperinflam-
matory state of COVID-19, particularly with high IL-6 lev-
els, would boost circulating Lp(a), and lead to thrombosis by
disturbing hemostatic balance [14, 15]. We observed that not
only was there an absence of correlations with plasminogen
and PAI-1, but also no correlation with IL-6, which was
hypothesized to bridge the gap between hyperinflammation
and thrombosis via IL-6 responsive elements in the LPA
gene [11]. Notably, the IL-6 values found in our cohort, as
well as those found in other studies, are not extraordinar-
ily high compared to other pathologies accompanied by a
“cytokine storm” (trauma, bacterial sepsis, and so forth)
[25], so that it may be conceivable that this IL-6 boost was
actually too low to significantly raise Lp(a) concentration.
Given the strong genetic basis of circulating Lp(a) (i.e., up to
80-90% of apo(a) concentration is genetically determined)
[26], an inherited hyper-Lp(a) state rather than an inflamma-
tion-driven increase may be a more important contributor to
adverse outcomes in COVID-19.

In support of this hypothesis, Sticchi et al. explored the
potential association between the risk of VTE and quan-
titative (number of KIV-2 repeats) and qualitative (single
nucleotide polymorphisms) LPA gene [27]. A significant
association was found between LPA size polymorphism,
whereby patients in the lower quintile of LPA KIV-2 repeats
(i.e.,<7) had 3.8-fold higher risk of developing VTE than
those in the higher quintile (i.e., >23). Moreover, two spe-
cific LPA haplotypes (i.e., TAAC and TAGT) had border-
line moderate impact on VTE risk (p=0.014 and p=0.033,
respectively). This observation reinforces earlier evidence of
a well-established association between LPA gene size poly-
morphisms and arterial thrombosis, whereby patients with
smaller apo(a) isoforms have increased risk of developing
myocardial infarction [28].
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We also found a correlation between Lp(a) and IL-8,
a proinflammatory, prothrombotic, and proatherogenic
cytokine, which attracts leukocytes, triggers tissue factor
production, and promotes adhesion of monocytes to early
atherosclerotic plaques [29, 30]. In a study by Scipione
et al., Lp(a) directly induced IL-8 expression [29], illus-
trating an important mechanism by which this lipoprotein
may enhance plaque instability, fostering an already ele-
vated cardiovascular risk at baseline in COVID-19. More-
over, IL-8 is a potent activator of neutrophil extracellular
trap (NET) release from granulocytes [31]. These chroma-
tin based extracellular fibers have been strongly implicated
in coronary atherosclerosis, venous thrombosis, as well as
TMA [32-34]. Given our findings of negative correlation
between Lp(a) and ADAMTS13 activity/VWF:Ag, which
suggests an underlying secondary TMA driving progres-
sion to severe AKI in COVID-19 as observed in our prior
research [21], it is tempting to propose that Lp(a) may be
synergistic with secondary TMA in COVID-19 via activa-
tion of IL-8 and subsequent NETosis. However, we can-
not conclude a cause-and-effect relationship based on our
study design, and additional studies should be conducted
to investigate these hypotheses. Nonetheless, we find sup-
port for this in studies demonstrating evidence of lipopro-
tein glomerulopathy leading to TMA, and linking Lp(a) to
elevations in VWF [35, 36].

In conclusion, we observed a significant correlation
between higher serum Lp(a) and worse outcomes in
COVID-19 patients, suggesting a potential role in the
pathogenesis of SARS-CoV-2 infection, such as enhancing
the risk of micro- and macro-thrombosis. This association
may be unrelated to hyperinflammation, but rather geneti-
cally determined. We also found that Lp(a) was positively
correlated with IL-8 and negatively with ADAMTS13
activity/ VWF:Ag, thus underpinning that secondary
TMA-induced severe AKI may also be mediated by ele-
vated Lp(a) and IL-8.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11239-021-02597-y.
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