
4/21/2023

1

Has it already been 3 years? 
NETs in APS and COVID and 

back again

Jason S. Knight, MD, PhD

@jasonsknight

None relevant to this talk
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Brief background including some history of APS

Let’s talk about neutrophils and NETs!

APS pathogenesis—and what it can potentially teach us 
about COVID-19

For fun: some ginger with that?

Outline

lupUS + APS = USAlupusAPS
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1999  2006 2023?

Clinical criteria

1. Thrombosis: arterial / venous / microvascular, or

2. Obstetric morbidity: especially after the first trimester

AND
Laboratory criteria

1. Lupus anticoagulant: by functional assay, or

2. Anticardiolipin antibodies: IgG or IgM, or

3. Anti-beta-2 glycoprotein-I antibodies: IgG or IgM

Antiphospholipid syndrome (APS)

30-40% of 
cases linked 

to lupus

Other manifestations of APS

intimal 
hyperplasia

livedo tracks with 
many systemic 
manifestations

thrombocytopenia, 
AIHA, etc.

white matter 
hyperintensities

valve 
disease

alveolar 
hemorrhage

avascular 
necrosis
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Clinical criteria

1. Blood clots: arterial / venous / microvascular, or

2. Pregnancy loss: especially after the first trimester

AND
Laboratory criteria

1. Lupus anticoagulant: by functional assay, or

2. Cardiolipin antibodies: IgG or IgM, or

3. Beta-2 glycoprotein-I antibodies: IgG or IgM

Antiphospholipid syndrome (APS)

1999  2006 2023?

Proc Soc Exper Biol Med 1941

Syphilis patients develop antibodies to cardiolipin

The best stories start or end with syphilis

Cardiolipin: a new phospholipid isolated from beef heart
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JAMA (1952) 150:467

False-positive syphilis test

So, many lupus patients have antibodies to cardiolipin too

J Lab Clin Med (1963) 62:416

Parallel story: circulating “anticoagulants” in lupus

Blood seems too “thin” in the test tube…

…but too “thick” in the person

It turns out that laboratory clotting tests contain lots of phospholipids…

…as an artificial cell surface where the clotting process can begin

Antiphospholipid antibodies  artifactually prolong clotting times

Eventually standardized to create the “lupus anticoagulant” test
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Hughes and colleagues

The lupus anticoagulant phenotype associated with 
thrombosis and pregnancy loss.

And, patients with positive lupus anticoagulant were also 
likely to have anticardiolipin antibodies.

However… purified “antiphospholipid” antibodies often 
failed to bind phospholipids in the absence of serum!

Were we missing protein cofactors in serum?

By the mid 1980s, we knew that…
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Lancet (1990) 335:1554

Lancet (1990) 336:177

Cofactor #1 = beta-2 glycoprotein I (β2GPI)

I

II

III

IV

V

β2GPI
(in blood)

I

II

III
IVV

negatively-
charged

phospholipids

Oh wow—so it turns out that many relevant 
“antiphospholipid” antibodies actually bind β2GPI

Cofactor #2 = prothrombin

prothrombin bound to a 
phosphatidylserine-

coated plate (PS/PT) prothrombin alone
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Why research APS?

Stroke and pulmonary embolism and post-thrombotic 
syndrome and stillbirth are major causes of morbidity in 
the general population. As the prototypical thrombo-
inflammatory disease, APS may teach us a lot.

We hear a lot about personalized medicine for cancer 
and diabetes and lupus—APS needs this too!

It’s more common than you think (1 in 2000) 

But how common are antiphospholipid antibodies?

Dallas Heart Study + antiphospholipid antibodies

More likely to find IgM and 
IgA antibodies than IgG
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Dallas Heart Study + antiphospholipid antibodies

Compositive of 
stroke, MI, coronary 
revascularization, 

and cardiovascular-
related death

Brief background including some history of APS

Let’s talk about neutrophils and NETs!

APS pathogenesis—and what it can potentially teach us 
about COVID-19

For fun: some ginger with that?

Outline
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Neutrophils

A type of white blood cell that is already fully armed when 
released into the bloodstream

First responders against many types of infection

The human body produces 2 × 1011 neutrophils every day 
(I’m contractually obligated to tell you this)

Potentially problematic in the circulation and/or tissues 
(i.e., the double-edged sword)

Neutrophils do not…

…proliferate in the periphery

…have true subsets defined by different transcription 
factors; therefore, functional differences are likely 
mediated by stage of maturation or activation

…need oxygen for energy production (although they do 
need for fullest antimicrobial functions)

…make things easy on researchers (rapid apoptosis in 
vitro, low RNA content, mice=imperfect models)
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Neutrophil extracellular traps (NETs)

Science 2004

NETs are extracellular “spider webs” made of…
A, Antimicrobial proteins (kill bacteria)
B, DNA itself (the backbone of NETs)
C, Other proteins from the nucleus (e.g., histones)

Proc Natl Acad Sci USA. 2020;117(13):7326-7337

Activation

Decondensation

Nuclear envelope rupture

Plasma membrane rupture

Mixing of chromatin and effector proteins
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With great power comes great responsibility

Nat Rev Immunol. 2018;18(2):134-147
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APS and NETs
NET 

remnants in 
APS patient 

blood
spontaneous 

NETosis

control neutrophils 
exposed to APS 

patient sera

neutrophil NETosis

aPL

β2GPI

anti-β2GPI are good 
at triggering NETosis

APS IgG (human) accelerates venous thrombosis

APS thrombus

H&E DNA NETs

Which can be blocked by neutrophil depletion

And by DNase, which dissolves NETs

And by disrupting adhesion to the endothelium (PSGL-1, Mac-1)

And by boosting intracellular cAMP (dipyridamole, defibrotide, ginger)
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Brief background including some history of APS

Let’s talk about neutrophils and NETs!

APS pathogenesis—and what it can potentially teach us 
about COVID-19

For fun: some ginger with that?

Outline

More aspects of APS pathogenesis
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Could we “cure” APS by eliminating aPL?

CD20+

CD20+

CD20+

CD20+
CD20+

CD20+

CD38+

CD38+

Anti-CD38 for plasma cell depletion in APS?
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Anti-CD38 for plasma cell depletion in APS?

Targeting CD38 with Daratumumab in Primary APS: A 
Phase 1b Dose Escalation Safety Trial (NCT05671757)

Objective: To assess the safety and tolerability of 
daratumumab in APS (via dose-escalation cohorts)

Objective: To assess changes in aCL and aβ2GPI 
levels, and lupus anticoagulant (LA) test positivity

Anti-CD38 for plasma cell depletion in APS?
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Anti-neutrophil therapy?

Depleting neutrophils = not a credible solution

Lessons from other diseases? DNase in cystic fibrosis?  
Selectin inhibitors in sickle-cell crisis?

Are there drugs we already use that have under-
recognized anti-neutrophil properties?

Adenosine, cAMP, and neutrophils

A2AR
A2BR

A1R A3R

adenylate cyclase

(+)(+)

(-) (-)

▲PKA inflammation

▲cAMP

adenosine
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Adenosine receptor agonists

2A 2B 3

A2AR
A2BR

A1R A3R

adenylate cyclase

(+)(+)

(-)

▲PKA inflammation

▲cAMP

adenosine
NETosis in vitro

Also very effective in animal models…

Dipyridamole

A2AR

adenylate cyclase

(+)

▲PKA inflammation

▲cAMP

adenosine

Acute IV dipyridamole = coronary vasodilation

Chronic administration = anti-thrombotic

Dipyridamole, an inhibitor of 
adenosine inhibitor
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Dipyridamole

A2AR

adenylate cyclase

(+)

▲PKA inflammation

▲cAMP

adenosine
NETosis in vitro

March 2020: reading papers from Wuhan
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March 2020: reading papers from Wuhan

COVID-19 control

0.1

1

10 ****

COVID-19 control

0.01

0.1

1

10
*** ***

Using discarded serum from the clinical biochemistry lab…

NETs correlate with clinical biomarkers… …and respiratory status

Meanwhile, also in the first half of 2020…
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Meanwhile, also in the first half of 2020…

aPL in COVID-19: n=172 patients

aPL correlate with clinical biomarkers… …and respiratory status
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patient IgG
COVID IgG also 

triggered more NETosis 
in vitro and in vivo

aPL in COVID-19: transfer into mice

aPL in COVID-19: endothelial cell activation
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aPL in COVID-19: endothelial cell activation

There was a correlation between aPL-positivity and endothelial cell activation… 

…which was blunted by total IgG depletion

Autoimmunity in COVID-19

control COVID

102

103

104

105
****

B-cell-activating 
cytokine found at 

high levels in 
lupus patients

Expansion of lupus-
like B cells that 

appear to bypass 
normal germinal 

center checkpoints 
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Anti-NET antibodies in COVID-19

Higher anti-NET IgG in serum 
associates with impaired ability 
of that serum to degrade NETs

Anti-NET antibodies in APS
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Samples from APS ACTION: 
especially Brazil, Italy, and USA
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Anti-NET antibodies in APS

Compare anti-NET data with n=120 “autoantigen microarray”

What about neutrophils and long-COVID?

49

50



4/21/2023

26

What about neutrophils and long-COVID?

Circulating NETs in convalescents 
who presented to Recovery Clinic 

versus those who did not Interesting results when the focus is on the 
NET-stimulating potential of patient serum

What about neutrophils and long-COVID?
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What about neutrophils and long-COVID?

Build a model to 
distinguish “plasma-

quiescent PASC” 
from “inflammatory 

PASC”

Protein microarray

Neutrophil inhibition in COVID-19?

****

0

1

2

3

4

5

6

no stim. + LPS

ns

**

53

54



4/21/2023

28

Brief background including some history of APS

Let’s talk about neutrophils and NETs!

APS pathogenesis—and what it can potentially teach us 
about COVID-19

For fun: some ginger with that?

Outline

6-gingerol boosts neutrophil cAMP

6-gingerol is the most abundant bioactive compound in ginger root

~100 mg 6-gingerol in 4 grams of ginger supplement

A natural phosphodiesterase inhibitor?

6-gingerol

▲cAMP

OCH3

HO

O OH

PDE4 ▼cAMP
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6-gingerol boosts neutrophil cAMP

synthetic phosphodiesterase inhibitors

also works in APS mouse models

What about a whole ginger extract?

Reduction in APS IgG-mediated NETosis and 
thrombosis when mice are fed the ginger extract
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What about a whole ginger extract?
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Brief background including some history of APS

Let’s talk about neutrophils and NETs!

APS pathogenesis—and what it can potentially teach us 
about COVID-19

For fun: some ginger with that?

Summary
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Sign up to receive our APS newsletter!
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