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Focus of this talk Disease-associated inflammatory
molecules in circulation

Receptor-mediated response Protein-protein mediated response
Relevance of receptor- oz, o -

inflammatory marker
interaction in driving disease
pathologies

Relevance of direct protein-
protein interactions in clotting
pathologies

The place of novel methods in
diagnosing well-known and
new diseases

\Fluorescence microscopy: automation Proteomics Flow cytometry

A place for novel technologies? =~
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* |nflammatory molecules that may cause pathological clotting, including both viral and
bacterial inflammagens

 Effects of circulating inflammatory molecules on platelets, RBCs and fibrin(ogen)
the main clotting protein

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



forward together
sonke siya phambili
saam vorentoe

Platelets, circulating inflammatory molecules @S“'b“
and abnormal blood clotting

Platelet receptors Platelet/endothelial cell signalling

Leukocytes  Platelets Endothelial Leukocytes

/__,, - ~—_  see Table 1° “",_, platelet microbicidal
+ Platelet actvation/aggregation/leukocyte / “ -\\ ‘W‘ /,' \\
compheres { ) / \.
= Inhibtion of platelet ACTVATION/ 20Qregation \ [ * // '/ o
© Platelet destruction by apoptosa/lysis/ T bactera anti-bacterial proimmflammatory
phagocytosis actions actions
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& Stellenbosch
Platelets Interactions Y

Platelet-Immune Cell Complexes

g N Platelet clearance
L\ Phagocytosis and/or receptor blndng.

Macrophage

Platelet-activated
neutrophil complex

Activated
CD4*T cell

Platelet-activated T cell complex Platelet-monocyte complex
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PathOlogiCal ClOtti ng &q Stellenbosch

Fibrinogen
Healthy fibrin polymerization: Inflammatory molecules may Structural changes resulting in fibrinaloid
many a-coils bind to the fibrinogen protein formation where a-coils untwist into -
protein-protein interactions sheets

m N ONA L

=g Beta sheet
g — Alpha Helix
Pathological fibrin Random coils
polymerization

Kell DB, Pretorius E. Proteins behaving badly. Substoichiometric molecular control and amplification of the initiation and nature of amyloid
fibril formation: lessons from and for blood clotting. Progress in Biophysics and Molecular Biology 2017; 123: 16-41.
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Fibrinaloid characteristics

Size of fibres

Morphology of fibres

Size distribution of fibres
Ability of fibrinaloids to find to
fluorogenic dyes

¢ The differential sensitivity of
different forms to various
proteases

Scanning Electron
Microscopy

N Fibrinaloid microclot
in acute COVID-19
and Long COVID

Fluorescence
Microscopy
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Platelet and clotting pathologies in acute &%IE:?!!SR‘”SC“ e,
COVID-19

Structural changes in platelets Microclots

Low magnification ~__Higher magnification

200 nm -

200 nm m——

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Stellenbosch

UNIVERSITY

Structural Changes in Fibrin(ogen) i
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Platelets in controls (A) and Acute COVID-19 Stellenbosch
(B-F)
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Spike protein S1 can induce fibrinolytic-resistant [ stetenbosch
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microclots and platelet hyperactivation

Healthy PPP + spike
protein

Healthy PPP

Healthy PPP + thrombin Healthy PPP + spike protein
+ thrombin

Grobbelaar, L.M., Venter, C., Vlok, M., Ngoepe, M., Laubscher, G.J., Lourens, P.J., Steenkamp, J., Kell, D.B., and Pretorius, E. (2021). SARS-CoV-2 spike protein S1

induces fibrin(ogen) resistant to fibrinolysis: implications for microclot formation in COVID-19. Biosci Rep 41.
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Scanning electron Microscopy and
microfluidics: Spike protein S1

, Healthy WB

Healthy PPP

COVID-19

Spike Protein

Spike Protein
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Healthy plasma versus older beta/delta vs Srelienbosch
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Omicron
Microclots present in platelet poor plasma
Control Omicron BA

Grobbelaar, L.M., Kruger, A., Venter, C., Burger, E.M.,
Laubscher, G.J.,, Maponga, T.G., Kotze, M.J., Kwaan,
: 2 H.C., Miller, J.B., Fulkerson, D., et al. (2022). Relative
Platelets present in haematocrit Hypercoagulopathy of the SARS-CoV-2 Beta and

Control Omicron BA Delta Variants when Compared to the Less Severe

- Omicron Variants Is Related to TEG Parameters, the
Extent of Fibrin Amyloid Microclots, and the Severity
of Clinical lllness. Semin Thromb Hemost 48, 858-
868.
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Platelet ultrastructure Stellenbosch

IYUNIVESITHI
UNIVERSITEIT

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe



Stellenbosch

UNIVERSITY

A Platelet Grading System S

Spreading

Clumping

1 None None None

CD62P (PE-
conjugated) (Pinkish
signal) = P-selectin
PAC-1 (green signal)
= glycoprotein

lIb/Illa on the
platelet membrane.

Laubscher GJ, Lourens PJ, Venter C, Kell DB, Pretorius E. TEG®, Microclot and Platelet Mapping for Guiding Early Management of
Severe COVID-19 Coagulopathy. Journal of Clinical Medicine. 2021;10(22)d0i:10.3390/jcm10225381
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A Microclot Grading System e

Platelet Poor Plasma

Laubscher GJ, Lourens PJ, Venter C, Kell DB, Pretorius E. TEG®, Microclot and Platelet Mapping for Guiding Early Management of Severe COVID-19 Coagulopathy.
Journal of Clinical Medicine. 2021;10(22)d0i:10.3390/jcm10225381
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Proteomics of Plasma from Healthy, @11‘33152""““

Diabetic, Acute COVID-19 and Long COVID

A

Citrated
blood

'/

Centrifuged:
platelet poor
plasma

Trypsin
degradation

Healthy Plasma and Type 2

Diabetes

R

Plasma
degraded

<«

Acute COVID-19 and
LongCOVID plasma

Plasma
~ | degraded

[ S —
Visisible

Idegosits

Degraded
plasma Proteomics
filtered with
C18 filter

<.

unfiltered
Fluorescence microscopy

Science | EyeNzululwazi ngezeNdalo | Natuurwetenskappe

forward together
sonke siya phambili
saam voren toe



Microclots remaining in Acute COVID-19 Stellenbosch
and Long COVID after 15t digestion step

UNIVERSITEIT
PPP from Controls PPP from Type 2 Diabetes Various micrographs of PPP after trypsin

- - . - - T el

PPP from acute COVID-19

Pretorius E, Vlok M, Venter C, et al. 2021 Persistent clotting protein pathology in Long COVID/ Post-Acute Sequelae of COVID-19
(PASC) is accompanied by increased levels of antiplasmin. Cardiovascular Diabetology
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Digested pellet deposits (microclots) from acute COVID-19 samples vs digested plasma from Control samples

These proteins are present in both sample types; and a fold change value more than 1 = the protein that more prevalent inside the digested pellet
deposits from COVID-19 samples. These proteins were concentrated inside the digested pellet deposits.
Fold change
45
41
18.7

Digested pellet deposits from Long COVID/PASC microclots samples vs digested plasma from Control samples

These proteins are present in both sample types; and a fold change value more than 1 = the protein that more prevalent inside the digested pellet
deposits from Long COVID/PASC samples. These proteins were concentrated inside the digested pellet deposits.
69
3
M Fibrinogen alphachain s
e o2 antiplasmin @A O

von Willebrand Factor 10.2
C-reactive protein 11.2 0.007
17.5 0.01
Complement component C7 20
Digested pellet deposits from Long COVID/PASC microclots samples vs digested pellet deposits (microclots) from acute COVID-19 samples
These proteins are present in both sample types; and a fold change value more than 1 = the protein that more prevalent inside the digested pellet
deposits from Long COVID/PASC samples. These proteins were concentrated inside the digested pellet deposits.
23
2.8

27
31
75
9.2
25
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a2-antiplasmin (a2AP) inhibit plasmin and ultimately will prevent
sufficient fibrinolysis to happen

| Fibrinogen (1) |

Fibrin (1a)
LER G2 ina)
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Extrinsic pathway Intrinsic pathway
Tissue damage Contact and damaged vessels
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Kruger, A., Vlok, M., Turner, S., Venter, C., Laubscher, G.J., Kell, D.B., and

COVID/post-acute sequelae of COVID-19 (PASC) shows many entrapped pro-inflammatory molecules that may also contribute to a failed fibrinolytic

system. Cardiovasc Diabetol 21, 190.
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A Place for Imaging Flow Cytometry?
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A Place for Imaging Flow Cytometry? Stellenbosch
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PPP control Long COVID

Frequency
Frequency
g 8

=
(=]

All
3 +~ -
s £ s,
TR

g d 2

c £ '_

! O

Q QL

v s .

w —_

S o '

3 E

- -100

0 1e3 2e3 3e3 g; 3 % SC_’, “ C le3 203 %3

| | ini Area of ThT staining
Frequency Area of ThT staining Frequency

(405 nm excitation) (405 nm excitation)



ME/CFS (Myalgic encephalomyelitis/chronic Stellenbosch

IIIIIIIIII
IIIIIIIIIIII

fatigue) syndrome - Vi

Platelet poor plasma from healthy participants

Platelet poor plasma from ME/CFS participants
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Long COVID sample stained with biofilm tracer @I Stellenbosch
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FilmTracer™ FM® 1-43 Green Biofilm Cell Stain
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Long COVID sample stained with biofilm tracer and Stellenbosch
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Amytracker
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Naive Biofilm Tracer Amytracker Overlay
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Endothelial debris in platelet poor plasma: Stellenbosch
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ME/CFS and Long COVID? it
Control Long COVID

ME/CFS

E-selectin: CD62-E: BD Pharmingen™
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Ischaemia-reperfusion (I-R) injury wusjﬂggbosm

Long COVID

l Splke

Endothellal pathology

COVID 19

Thro

Ischaemia-reperfusion

Lifestyle factors

w,  Oenetic predisposition

Kell, D.B., and Pretorius, E. (2022). The potential role of ischaemia-reperfusion injury in chronic, relapsing diseases such as
rheumatoid arthritis, Long COVID, and ME/CFS: evidence, mechanisms, and therapeutic implications. Biochem J 479, 1653-1708.

Turner, S., Khan, M.A., Putrino, D., Woodcock, A., Kell, D.B., and Pretorius, E. (2023). Long COVID: pathophysiological factors and
abnormalities of coagulation. Trends Endocrinol Metab 34, 321-344,
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Data from a clinician-initiated treatment @l&"bh
regimen
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Long COVID symptoms

Cogpnitive Dysfunction
74%

Palpitations

87%
82%
79%
81%
78%

Shortness of Breat!

Sleep Disturbance

Depression and/or Anxie

% Improvement of symptoms
after treatment

Fatigue

I Gut Problems

B Rheumatoid Arthritis
- Cancer

voe ?Blabetes

Co-morbidities before acute COVID-19 infection

No improve-

ment

Digestive Problems
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Digestive Problems

Chest Pain

Depression
and/or Anxiety

Sleep Disturbance

Muscle and/or
Joint pain
Palpitations

Svmptom

Shortness of Breath

Cognitive Dysfunction

Fatigue

80
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Treatment Response

77%

81.5%

81%

79%  Status

T7% Improved

8 7% No effect

82%

74%

78%

40 80

Number of Patients
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Histogram of PGIC Scores of Patients

Number of Patients

PGIC score: Median (for both
80% short- and long Long COVID)

30

20

Long-Covid Classification

10 20%

1 2 3 4 5 6 7
PGIC Score
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Before treatment After treatment

Short Long COVID

Long Long COVID

PGIC




In conclusion Disease-associated inflammatory
molecules in circulation

Receptor-mediated response Protein-protein mediated response
Relevance of receptor- oz, -

inflammatory marker
interaction in driving disease
pathologies

Relevance of direct protein-
protein interactions in clotting
pathologies

The place of novel methods in
diagnosing well-known and
new diseases

\Fluorescence microscopy: automation Proteomics Flow cytometry

A place for novel technologies? =~
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