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4 ENDOTHELIOPATHY I “Endotheliopathy of

. ”
Trauma” (EoT)
4 N/ I
“...systemic endothelial injury and

Inflammation Coagulopathy . .
dysfunction that lead to coagulation
AN J\ o disturbances, inflammation, vascular

N e Y leak, edema and tissue injury”
Capillary Impaired
Leak/Edema Vasoregulation

- Holcomb and Pati, 2013
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A " - The endothelial glycocalyx (eGCX) is a
central regulator of vascular functions
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Endothelial Cells

Khan and Reilly. 2021

LM [ 5V AT BIRMINGHAM Department of Surgery @UABSurgery ,

© UAB. All Rights Reserved.



eGCX Damage + Trauma 5

SHOCK, Vol. 49, No. 4, pp. 420-428, 2018

ENDOTHELIOPATHY OF TRAUMA IS AN ON-SCENE PHENOMENON, AND IS
ASSOCIATED WITH MULTIPLE ORGAN DYSFUNCTION SYNDROME: A
PROSPECTIVE OBSERVATIONAL STUDY

David N. Naumanné*” Jon Hazeldine,™* David J. Davies,* Jon Bishop,*
Mark J. Midwinter,¥ Antonio Belli,* Paul Harrison,’ and Janet M. Lord?
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ORIGINAL SCIENTIFIC ARTICLE | VOLUME 225, ISSUE 3, P419-427,
A High Admission Syndecan-1 Level, A Marker gl i
of Endothelial Glycocalyx Degradation, Is Syndecan-1: A Quantitative Marker for the
Associated With Inflammation, Protein C Endotheliopathy of Trauma
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Research Goals: 6

1. Mitigate 2. Repair

Can we mitigate Can we target
the consequences mechanisms of

orevent EoT? restore vascular

homeostasis?
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Heparan Sulfate (HS) 7
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Heparan Sulfate (HS) 8
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Heparan Sulfate (HS) i )
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Alterations in heparan sulfate proteoglycan
synthesis and sulfation and the impact on
vascular endothelial function.

Pretorius D 1, Richter RP 2, Anand T 3, Cardenas JC 4, Richter JR

Author information »

Matrix Biology Plus, 07 Sep 2022, 16:100121
DOI: 10.1016/j.mbplus.2022.100121 PMID: 36160687 PMCID: PMC9494232
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Trauma/Shock

(

Heparan Sulfate:

i 1. Cleavage i

| 2. Sulfation | |

l 3. Synthesis |
Endotheliopathy
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Heparanase activity increases following .
injury:
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Trauma-induced Angiopoietin-2 (Angpt-2) release .
Is associated with poor clinical outcomes:

4000 | **:** 80004 [— Spearman’s rank correlation between 24-
~ e . ;ET T hour Angpt-2 levels and clinical outcomes.
E 30000 T e | rho | p-value
o .
~ 2000- E, 40004 MV Duration 0.410 0.004
‘% < ICU Length of Stay 0.610 <0.0001

=2
< 1000~ 1 1 2 2000+ Hospital Length of Stay  0.527 <0.0001
- <
0 I I I 1 I o 0 -:- :
HC 0 12 24 48 -AKI +AKI
— Time after

Admission (h)

Uhlich RM et al. Shock. 2020.
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eGCX damage correlates with Angpt-2 release '

Spearman’s rank correlation between plasma levels of eGCX biomarkers and Angpt-2.

. eGCX

Pediatric Trauma Sdc-1 0.49 <0.001 Richter, Shock. 2019
Pediatric Sepsis Hep Sulf 0.42 <0.001 Richter, JCI Insight. 2022
Adult Trauma (UAB) Hep Sulf 0.28 0.02 Unpublished
Adult Trauma .
(PROPPR) Sdc-1 0.39 <0.001 Unpublished
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Heparan sulfate cleavage precedes Angpt-2 release: '*
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Hypothesis:
heparan sulfate cleavage
promotes endothelial cell

production of Angpt-2



In Vitro Studies: .
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Heparan sulfate cleavage promotes Angpt-2
expression in flow conditioned HLMVEC:
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...but not in statically cultured HLMVEC :
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Heparan sulfate cleavage promotes Angpt-2 .
expression via deactivation of AMPK signaling
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Heparan sulfate cleavage promotes Angpt-2 :

production

Blood flow shear stress
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Trauma/Shock

————————————————————————————

Endotheliopathy
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Soluble heparan sulfate fragments are
bioactive

23

% TLR4 activation = Cytokine production

% Growth factor signaling:

- HS/FGF2/FGFR - cell proliferation, migration, angiogenesis, etc
 HS interferes BDNF/TrkB = neurocognitive impairments

THE UNIVERSITY OF
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Sulfation patterning :
dictates HS bioactivity:

- Cognitive impairment

2504 ONormal/mild cognitive i'mpa!rmer_\t determined 14 days
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ngzoSO3 © — 200- P =0.052 —* - orhospital discharge
T = o o
= £
2 2150
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Hippensteel, J. 2019
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Changes in sulfation pattern of soluble HS after .
trauma:
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3-0O-sulfated HS mimetic is protective against T/HS- |,
induced organ injury:

4 R Vehicle 22 O

Inflammati
on (H&E)

-.*' :
v-"!”o«

f ey '7."
: -’ 4 - ‘.ﬂ>l £ v -
Y B . 2 A oy ’
- 3 » )
./ > 9 e R A -~ 5 . . I \
. y g - . < ¢ 'v»"", . .
2. e e . ¥ Al s R
&£ 4 - y RIS o 4.8 4 . 1.
1 s ;. % 4 1 N <y »
- - o . - . ‘ - N\ %
. 9. - e - A, ) A %
ibrin W O -
M o . . : 3 - A
o T IR el I R % w5 y .’
AL : 2 -- d
- 2 ' 4 > G .0 A o
N e 7.0 o ey - \ 2 . A
2 + - ¥ , g ' R
. " y - & Tre
v .C‘ ! v, *L * .
N - v e £
£ I
. W ) .. ot
‘ e
']

Deposition

Vidaurre, M. 2023. Front Immunol

LM [ 5V AT BIRMINGHAM Department of Surgery @UABSurgery ,

© UAB. All Rights Reserved.




28

Trauma/Shock

|
: :
: |
' 2. Sulfation: : S
I " )
: J/ 3-O-sulfated HS = thromboinflammation :

|
: :
| |
| |
| |

Endotheliopathy
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Trauma/Shock

Endotheliopathy
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Exostosin-1 (Extl) is required for HS ;
synthesis

Synthesis

HS3ST3

HS6ST1
HS3ST4

HS2ST1
Exti/Ext2 } ggg Hsst1 HS6ST2
xt1/Ext GLCE

B2 st HS2ST1

__________________________________________

Core protein

Nagarjan, A. 2018. Front. Endocrinol.
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eGCX damage corresponds with decreased .
pulmonary Extl expression:

0.5h 4h 24h
Ext1 | = P Tw— G — R p——— - S — e W— . —
ACHIN | S s s e — —— | O — q——— — —— — —_— —
Sham THR Sham THR Sham THR

Lung Ext1 Expression
(Ext1/Actin)

Unpublished data.
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Pulmonary eGCX damage after THR: :

Normal eGCX
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Targeting Extl expression with sphingosine-1- .
phosphate (S1P)

Sphingosine-1-

X O'F'J\OH

NH, O

FGF Receptor T Exostosin-1 1 Heparan Sulfate
Signaling Activity Expression
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S1P increases Ext1 expression "’
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S1P treatment increases HS synthesis in damaged .
HLMVECs

1.4- * K
1.2- J}[
1.0 .
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Unpublished data.
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In vivo approach: S1P-loaded nanoparticles ’

SlP—I‘oaded NP
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Trauma/Shock

(

1. | HS Expression = 1 Angpt-2

2. | 3-O-sulfated HS - i g
coagulation/inflammation |

3.| Extl = | HS Synthesis

Endotheliopathy
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Trauma/Shock

(

1. | HS Expression = 1 Angpt-2

Resuscitation
Strategies?

Targeted

2. ] 3-O-sulfated HS > i e
coagulation/inflammation | o \ ITh ’
3.| Extl = | HS Synthesis |

Endotheliopathy
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