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The Endothelium and Signaling Pathways: SUMMARY
The Endothelium is a major controller to our physiology and
homeostasis. Like any highway network, it requires trafficking of
components, opportunity to correct local environments and repair
itself when damaged.
The histology reveals a thin squamous “tile‐like” layout that at
“rural roads” has multiple fenestration to allow for fluids to reach
end tissues. The entire endothelium has “fit for purpose” histologic
patterns related to
The chemical signaling that predominates is Nitric Oxide (NO) and
it serves FOUR purposes:
• vasotone, ROS control, reduce LDL oxidations, and reduce
platelet and monocyte stickiness.
ET‐1 is mostly secreted by vascular endothelium
• Inflammatory mediators, hypoxia, vascular sheer stress and ROS
can promote ET‐1 synthesis
• NO inhibits ET‐1 synthesis
• Overall balance if “tone” and dilation/constriction
• PrePro‐ET‐1  Pro(Big) ET‐1  ET‐1 is an important path

The Endothelium and Signaling Pathways: SUMMARY
The Endothelium is a major controller to our physiology and
homeostasis.
Tight Junction proteins that signal to the cell interior either directly
or through recruiting other signaling molecules, are important
variable in assessing endothelial damage. Their disruption causes
errors in regulating cell proliferation, cell migration, error repair for
survival and even failure of differentiation where replacement
strategies fail.
NO synthesis is part of an armament of several control paths and
reactions that keep ROS under control.
The standard path is ROS  SOD  peroxide  (catalase or
glutathione peroxidase (GP)  Water
>> Other reactions that support ROS reduction: Fenton Rx, Haber‐
Weiss Rx
In the GI Tract: Disruption of the epithelial tight junctions can
increase intestinal permeability, as well as possibly damage the
intestinal barrier by forming tissue lesions and potential access for
septic events.

The Endothelium: Vulnerable to Damage From Many Fronts
Radiation injury is our “mission space” but we can learn a great deal about endothelial damage from
ionizing energies founded from many other insults – one of which is right in the BARDA Mission –

COVID‐19
The connection of our efforts in RAD‐NUC to those in the COVID‐19 arena is the virus’ capability to indirectly
generate REACTIVE OXYGEN SPECIES (ROS). Ionizing energies generate ROS but so can biochemical processes.
The target of the COVID‐19 is the ACE2‐R which happens to have a predominant role on the endothelial cells.
The ACE2 receptor converts AT II  AT 1,7
Blockade of AT II  ROS excess
AT 1,7 is a brake on the O2* generation

https://www.ahajournals.org/doi/10.1161/CIRCRESAHA.120.317015

Art work from MedCram Lecture 65:
https://www.youtube.com/watch?v=gzx8LH4Fjic

The Endothelium and the ACE2 Receptor: An ROS Balancing Act
The Endothelium contains an abundance of the ACE2
receptor to foster vasomotor tone. Angiotensin‐converting
enzyme 2 (ACE2), part of the renin‐angiotensin system, is an
important part of the regulation of blood pressure (BP).
Endothelial cells infected by SARS‐COV‐2, show eventual
occurrence of systemic vasculitis, thromboembolism and
disseminated intravascular coagulation.
Angiotensin II type 1 receptor–mediated ACE2 inhibition
impairs baroreflex function and support a critical role for
ACE2 in the central regulation of BP and the development
of hypertension.
ACE inhibitors (ACEI; ie. Losartan; “prils”, ie. Captopril)
block AT II formation.
COVID‐19 by binding to the ACE2 receptor impairs AT II 
AT 1,7 thus a build up of AT II which acts on AT1R and this is
a pro‐ O2* generation event. ARBs (angiotensin receptor
blockers, AT1 and AT2 subtypes) also promote O2*.

Art work from MedCram Lecture 65:
https://www.youtube.com/watch?v=gzx8LH4Fjic

Intact (unbound) ACE2 allows AT II  AT (1.7) that
serves as an anti‐oxidative balance.

The Endothelium and the ACE2 Receptor: An ROS Balancing Act
The Endothelium contains an abundance of the ACE2 receptors.
• ACE inhibitors (ACE‐Is) and angiotensin II receptor blockers (ARBs) are extensively used for the treatment of
hypertension and other cardiovascular diseases. In in vivo studies, ACE‐Is and ARBs seem to paradoxically
increase ACE‐2 expression (possibly favoring SARS‐CoV‐2 infection of host’s cells and tissues?).
Endothelial cells from arterial and venous vessels are
prone to acquire SARS‐CoV‐2 infection, with subsequent
development of endothelitis, endothelial cell damage,
systemic vasculitis and disseminated intravascular
coagulation (DIC) all from excess O2*.
Radiation injury is ROS mediated as well.
Renin–angiotensin–aldosterone system (RAAS)‐interfering
drugs affect ACE‐2 receptor‐SARSCoV‐2 interaction
dynamics within lung, heart, vascular, kidney and gut
tissues and affect O2* “buildup”.
The resolution of O2* (via SOD, peroxidases and other
electrophilics) combats vascular pathologies.
Albini, et al., 2020; Internal and Emergency Medicine (2020) 15:759–766;
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7236433/pdf/11739_20
20_Article_2364.pdf

Angiotensin II Type 1 Receptors: Important for Vascular Remodeling
Angiotensin‐converting enzyme (ACE2) within the
RAS yields AT (1‐7) from AT II. AT 1,7 then
promotes vasodilation, anti‐proliferative, anti‐
“Prils”
fibrotic, anti‐oxidative, anti‐atherosclerotic, and
anti‐inflammatory effects. All of these effects are
in opposition to those effects mediated by AT II
acting at the AT 1 receptor (AT1R).
AT1R
• The AT1R path mediates pressor and volume “Stans” blockers;
ARBs
homeostasis and is also responsible for the
majority of pathogenic effects of AT II (oxidative
stress). Addressed using ACEIs and ARBs (“Prils”
and “Stans”)

AT II

AT 1,7

G protein–
coupled
Mas receptor
(MasR)

• The discovery of the G protein– coupled Mas
receptor (MasR) as an AT (1‐7) binding site, has
revealed a balancing axis exists vs the AT1R axis

• The AT II/MasR/AT2R axis acts as a
counterbalance vs ACE/AT II/AT1R axis.
• AT II  AT 1,7  AT2R Plus MasR (2nd Axis)
https://www.ahajournals.org/doi/pdf/10.1161/HYP
ERTENSIONAHA.112.193375

ACE/AT II/ AT1R Axis
AT1R block increases AT II
Pro‐Oxidative stress
Pro‐proliferation

The ACE2/MasR/AT2R Axis
AT II increase acts on AT2R
Anti‐Oxidative
Anti‐proliferative

ACE‐inhibitors (ACE‐Is) and Angiotensin Receptor Blockade (ARBs)
Management of patients with cardiovascular disease includes angiotensin‐
converting enzyme (ACE) inhibitors as first‐choice therapy. However,
angiotensin receptor blockers (ARBs) are considered an alternative for ACE
inhibitor–intolerant patients.
The diagram at the right shows the AT1R and AT2R where the ACE‐Is block AT I
conversion to AT II as well as blocking Bradykinin formation to its active
peptide form. Elevated bradykinin fosters increases in NO, increased
fibrinolytic activity and decreased thrombocyte activity (and likely O2*control.
ARBs mainly block the AT1R and thus the RAS shifts the AT II synthesized into a
backup path, the AT2R. This action drives a counterbalance AT II/MasR/AT2R.
The free flow to the AT2R decreases the bradykinin side (inactive to active BK)
reducing NO and making the endothelial environment pro‐thrombotic which is
then countered by the AT II/MasR/AT2R axis.

https://reader.elsevier.com/reader/sd/pii/S0735109718304315

The Pharmacology of ACE‐Is and ARBs
Most guidelines for the management of patients with cardiovascular disease recommend ACE‐Is (ACE inhibitors) as first‐
choice therapy, whereas ARBs (angiotensin receptor blockers) are merely considered an alternative for ACE inhibitor–
intolerant patients. The drugs act along the pathway with outcomes of similar efficacy and safety.
“Prils”
vs
“Stans”
Drug Efficacy ( Systolic BP) vs Dose:
Drug Efficacy (Systolic BP) ACE‐Is and
ACE‐I vs ARBs
ARBs vs other agents

Note the similar slopes
Aids in patient compliance

NOTE: ENTRESTO (sacubitril + valsartan) has a
neprilysin inhibitor, sacubitril, which is
contraindicated with “Prils” (risk of angioedema);
https://www.ismp.org/resources/fda‐advise‐err‐
concomitant‐use‐entresto‐and‐ace‐inhibitors‐can‐
lead‐serious‐outcomes

Drugs in these classes:
HCTZ: hydrochlorthizide
ACE‐I: lisinopril, benzopril (“prils”), etc
ARBs: irbesartan, valsartan (“stans”), etc
Beta blockers: propranolol, metoprolol, etc
Calcium channel blockers: Verapamil,
Diltiazam, etc

https://reader.elsevier.com/reader/sd/pii/S0735109718304315

Reactive Oxygen Species (ROS) Generation: Ionizing Events Affect Electro‐Signaling
As a radiation beam enters the body it
interacts with tissue (mainly water) and
created hydroxyl species (OH‐),
superoxide (O2*), peroxides (H2O2),
peroxynitriles (ONOO‐), free H+(acids),
otherwise known as eeactive oxygen
species, ROS, and reactive nitrogen
species, NOS.
The effects of ROS (and NOS) extend to
• damaging electrosignaling (i.e., Ca, Na and
K channels; and Vmemb – voltage channels
on the cell membranes);
• DNA structure and repair is affected
• cell cycling events are disrupted
• vascular wall integrity compromised
• platelet Ca channels affected,
• glucose metabolic events; and,
• stress mediators are neutralized;

Each can affect cell function and survival.

The Pulmonary Endothelium: Vulnerable to Damage
Vascular disruption causes leakage of plasma into
the alveolar spaces and layering of fibrin and
necrotic cells arise from type II pneumocytes
("hyaline membranes") along the surface of alveolar
ducts and respiratory bronchioles partially denuded
of their normal cell lining.

Type II Pneumocytes (ATII) are dispersed on the alveolus
lining AND THEY HAVE ACE2 receptors. They secrete
surfactant which prevents the collapse of the alveolus and
the inner walls from sticking together. ATII cells form only
7% of the alveolar epithelium.
Surfactant proteins (SPs): SP‐A and SP‐D
• act as opsonins (a cell product to aid in immune cell
trapping) and regulate function of inflammatory cells.

hyaline
membrane

Radiation‐Induced Lung Injury: Current evidence
Radiotherapy Induced Lung Injury (RILI) encompasses
two phases: an early phase known as Radiation
Pneumonitis (RP), characterized by acute lung tissue
inflammation as a result of exposure to radiation; and a
late phase called Radiation Fibrosis (RF; aka DEARE,
delayed effects of acute radiation exposure), a clinical
syndrome that results from chronic pulmonary tissue
damage with a progressive series of pathologies over
many months.
There are still enormous gaps in our knowledge,
particularly about the role and timing of specific
cytokines as predictive factors, the use of accurate
diagnostic tests, and the advent of new prophylactic and
curative therapeutic solutions is needed.
• GOAL: Achieve a better understanding of the
pathophysiology of pneumonitis and increase efforts
to develop new treatments and prophylactic drugs
Arroyo‐Hernández et al. BMC Pulm Med (2021) 21:9
https://bmcpulmmed.biomedcentral.com/articles/10.1186/s12890‐020‐01376‐4

a. Healthy Phase  Immediate Phase (Days)
Surfactants, T cell TNFa, IL‐1, IL‐6, Mφ, Type I destruction
b. Latent Phase  Exudative Phase (days to weeks)
Columnar EC destruction, TGFB, PDGF, TNF‐a, IL‐1. IL‐6,
Pneumocyte (Pn) Type 1 aplasia, Type II hyperplasia, fibrous
exudate
c. Intermediate Phase  Fibrotic Phase (months to years)
Hyaline membrane resolution (collagen/fibroplasia),
hyperplasia of Pn Type II, minimal surfactant, thrombosis

Inflammatory Responses and Coagulation Pathways
Vascular Integrity, Age, Smoking/COPD and Vitamin D Status All Play a Role in Outcome
Treatments:
IL‐6 blockade by
Tocilizumab
IL‐1 blockade by
Anakinra
Canakinumab
IL‐1‐R blockade by
Ruxolitinib

Vascular Endothelium is a dynamic of tissue constantly under repair

Heparins:
UFH or LMWH
or
Danaparoid
Fondaparinux
HMW‐Kallikrinin
Pre‐Kallikrinin
Factor XIIa

Dexamathazone
HCQ
Statins

Complement:
Eculizumab

Antiplatelets:
Aspirin
Ticagrelor
Prasugrel
Clopidogrel
Dipyridamole
Anti‐Factor Xa
Apixaban
Rivaroxaban
Edoxaban
Betrixaban

Treatments:

DTIs:
Bivalirudin
Dabigatran
Argatroban

Cytokine Storm/IL‐6

Injury  Procoagulant Events

Corrective Actions

Coagulopathies (Blood Clot Disorders) and the INR
Endothelial Damage  Intravascular Coagulation and Oral Anticoagulants
Vascular injury promotes blood clotting via endothelial responses. Tests include a prothrombin time – the time for
a clot to form. Platelets are very sensitive to triggering instability/aggregation upon injury to block vascular leakage.

Tools for quantifying anticoagulation: the INR
INR is a standardization calculation (international
normalized ratio) to normalize the results of
prothrombin time tests, no matter what is used as the
testing method.
An INR of 1.1 or below is considered normal. An INR
range of 2.0 to 3.0 is generally an effective therapeutic
range for people taking warfarin.
Prothrombin time checks five different blood clotting
factors (factors I, II, V, VII, and X) are present.
The prothrombin time is made longer by:
• Blood‐thinning medicine, such as warfarin.
• Low levels of blood clotting factors.
• A change or absence of a clotting factor activity
• Other substances, “inhibitors”, that affect the
clotting factor (ie. Snake venoms).

Emergency Anticoagulation Transitions to Oral Warfarin

Endothelial Cells and Coagulopathy Regulation
EC damage leads to activation of the coagulation cascade. EC damage and thrombo‐inflammation can also be caused by
the hyperinflammatory state, characterized by hyperproteinemia and hyperviscosity. COVID‐19 causes inhibition of
IFN signaling (asymptomatic period), while simultaneously promoting the production of proinflammatory cytokines such
as IL‐6 and TNF‐α.
Weibel‐Palade Bodies (WPB) in ECs in addition to VWF, show
Agonist‐induced release of endothelial cell specific storage
soluble P‐selectin, IL‐8, eotaxin‐3, endothelin‐1 and
granules (Weibel‐Palade bodies; WPBs), provides the
angiopoietin‐2 levels activity all significantly can be
endothelium with the ability to rapidly respond to changes
elevated following EC damage in vasculature.
in its micro‐environment.
• Originally defined as an intracellular storage pool for
von Willebrand factor (VWF), WPB also have a number
of other components, including:
• P‐selectin, interleukin (IL)‐8, eotaxin‐3, endothelin‐1,
and angiopoietin‐2.
The WPB as a subcellular organelle, is important path for
exocytosis in inflammation, hemostasis, regulation of
vascular tone and angiogenesis.

https://www.heartandlung.org/action/showPdf
?pii=S0147‐9563%2821%2900011‐X

Grey =
blood
In Heart

https://www.ahajournals.org/doi/pdf/10.1161/01.ATV.000020
9501.56852.6c

Linking Clotting and Autoimmunity –
Antiphospholipid Antibody Syndrome
Antiphospholipid syndrome (APS) is characterized by venous/ arterial thrombosis, fetal loss and an array of other clinical
manifestations. The antigenic targets are negatively charged phospholipids and serum phospholipid‐binding proteins.
The syndrome is an autoimmune disease
characterized by the presence of
antiphospholipid antibodies, such as lupus
anticoagulant, anticardiolipin (aCL)
antibodies and anti‐β2‐glycoprotein 1
(aβ2‐GPI) antibodies.

Hanley, 2003; Antiphospholipid Syndrome: A review;
https://www.cmaj.ca/content/168/13/1675

Linking Clotting and Autoimmunity –
Antiphospholipid Antibody Syndrome
In HOMEOSTASIS, phosphatidylcholine (PC) is bound with protein
kinase C (PKC) at the endothelial Protein‐C receptor (EPCR). Activated
PC is separated from the EPCR allowing for anti‐thrombotic and anti‐
inflammatory activities. Lysobisphosphatidic acid (LBPA is a specialized lipid
that has a role in intracellular protein and lipid transport in healthy cells; serve as an antigen
for auto‐antibody generation) can displace PKC from the EPCR, internalize the

phospholipid‐bound R into endosomes.
Omni‐present (and low levels) antiphospholipid antibodies (aPL) can
bind the LBPA‐EPCR complex, internalize into endosomes where TLR7/8
are joined with MyD88 (myeloid differentiation primary response protein
88), move the complex to the nucleus, initiate nuclear signaling through
NF‐Κβ and interferon regulatory factor 7 (IFN7) to make Type I interferon
(IFN) and inflammatory cytokines and exacerbate an antiphospholipid Ab
syndrome.
The INF plus inflammatory cytokines drive 3 paths:
B‐cell activation  aPLs (antiphospholipid antibodies) exacerbate aPL
Immune dysregulation  tissue inflammation  Tissue Factor
Platelet activation  thrombosis
https://stm.sciencemag.org/content/12/570/eabd3876
https://science.sciencemag.org/content/371/6534/1100.full

The Selectins: P, E, L and S subtypes
Focusing on E‐selectin (CD62E)
The selectins are a family of three carbohydrate‐binding proteins that can be expressed on platelets, endothelial cells,
and leukocytes (Figure). They require calcium ions for binding. The three selectins, E‐selectin (CD62E), P‐selectin
(CD62P), and L‐selectin (CD62L), belong to the C‐type lectin family.
Selectins share a common structure of five different domains: an N‐terminal carbohydrate recognition domain (CRD),
an epidermal growth factor‐like domain (EGF), a varying number of short consensus repeats that have homology to
complement regulatory domains (“CRs” of which there are 9, 6 and 2 within P‐, E‐, and L‐selectin, respectively).
The mononuclear phagocyte system comprises a network of
circulating monocytes and dendritic cells (DCs), and “histiocytes”
(tissue‐resident macrophages and DCs) that are derived in part
from blood‐borne monocytes and DCs. Under inflammatory
conditions, monocytes transmigrate into injured tissues, where
they can mediate antimicrobial activity, and differentiate into
inflammatory macrophages or monocyte‐derived DCs (moDCs).

complement
regulatory
Domains:
9, 6 and 2.
resp.

Circulating cells need a way to slow down within the blood flow at
locations of need. Extravasation involves a sequence of
coordinated molecular events initiated by E‐selectin‐mediated
deceleration of the circulating leukocytes onto microvascular
endothelial cells of the target tissue.
https://www.researchgate.net/publication/322598652_E‐
Selectin_Ligands_in_the_Human_Mononuclear_Phagocyte_System_Im
plications_for_Infection_Inflammation_and_Immunotherapy

E‐Selectin: Mediator of Monocyte and Dendritic Cell Invasion
E‐selectin is inducibly expressed by cytokines (i.e., tumor
necrosis factor‐α and IL‐1β) on inflamed endothelium.
Monocytes/DCs then bind to sialofucosylated glycan
determinants displayed on protein and lipid scaffolds of
blood cells.
Multistep model of circulating blood cell adhesion and mig
ration along the vascular endothelium is shown on the
figure. Cells make adhesive contacts onto the inflamed
endothelial surface through engagement of their sialo‐
fucosylated glycan determinants to vascular E‐selectin
Step 1. tethering and rolling,
Step 2. engagement of chemokine receptors leads to
integrin activation,
Step 3. firm adhesion of leukocytes to endothelium, and,
Step 4. transmigration/ extravasation.
Efficient transmigration/ extravasation of circulating
monocytes and DCs into inflamed tissues is crucial in
facilitating an effective immune response, but also fuels
the immunopathology of several inflammatory disorders.

https://www.researchgate.net/publication/322598652_E‐
Selectin_Ligands_in_the_Human_Mononuclear_Phagocyte_System
_Implications_for_Infection_Inflammation_and_Immunotherapy/

E‐Selectin: Mediator of Monocyte and Dendritic Cell Invasion
Functionally, E‐selectin slows leukocyte rolling to much
lower velocities than do either L‐ or P‐selectin,
favoring subsequent leukocyte arrest. This capacity,
along with the inability of human endothelial cells to
upregulate P‐selectin in the presence of IL‐1β and TNF‐
α, is why E‐selectin is considered to be the most
important selectin for cell trafficking.
E‐selectin recognizes a range of structurally diverse
glycan epitopes expressed by human leukocytes that
typically contain α(1,3)‐fucose (Fuc) and α(2,3)‐sialic
acid (Sia) modification(s) on a lactosamine backbone
[consisting of galactose (Gal) linked to N‐acetyl‐
glucosamine (GlcNAc)].
E‐selectin provides for metastatic cancers to adhere to
ECs and invade. Anti‐sialyl Lewis x (Lewisx) antibodies
can block E‐selectin. In‐vitro studies of adhesion of a
cultured human lung cancer cell line (QG56) can be
inhibited by anti‐sialyl Lewisx Ab, while that of cultured
human colon cancer cell line (COLO201) is inhibited by
anti‐sialyl Lewisa Ab. Adhesion of both lines is
completely inhibited by anti‐E‐selectin antibody.

https://www.glycoforum.gr.jp/article/06A6.html
Take home messages:
• E‐Selectin mediation of the inflammatory processes
remains a key element of radiation injury that is yet to
be addressed with MCM development.
• How radiation injury changes the E‐selectin synthetic
pathways and promotes metastatic diseases may be an
additional contributor for radiation‐”induced” cancers

Antiphospholipid Antibody Syndrome
Antiphospholipid syndrome causes
venous, arterial, and small‐vessel
thrombosis; pregnancy loss; and preterm
delivery for patients with severe pre‐
eclampsia or placental insufficiency.
Other clinical manifestations are cardiac
valvular disease, renal thrombotic
microangiopathy, thrombocytopenia,
hemolytic anemia, and even cognitive
impairment.
Antiphospholipid antibodies promote
activation of endothelial cells,
monocytes, and platelets; and
overproduction of tissue factor (TF) and
thromboxane A2. Complement activation
might have a central pathogenetic role.

https://www.thelancet.com/journals/lancet/article/PIIS0140‐
6736(10)60709‐X/fulltext

Antiphospholipid Antibody Syndrome
To date, there are no diagnostic criteria
for APS. The present classiﬁcation criteria rely
on a combination of clinical manifestations and
persistently positive tests for antiphospholipid
antibodies (aPL).
Clinical symptoms comprise vascular
thrombosis, which can affect any vascular bed,
including venous, microvascular and arterial
vessels, and a set of pregnancy morbidities
including early and late miscarriages, fetal death
and preeclampsia.

β2‐GPI

Cardiolipin

APS is more frequent among patients with other
autoimmune diseases, and it is especially
common in systemic lupus erythematosus (SLE).
β2‐Glycoprotein‐I (β2GPI) and Cardiolipin (CL)
are the two speciﬁc antigens which are used in
clinical practice today, both are also
included in the ‘Sidney APS criteria’ (ref noted)

Sydney Criteria for APS:
Miyakis S, Lockshin MD, Atsumi T et al. International
consensus statement on an update of the classification
criteria for definite antiphospholipid syndrome (APS).
J Thromb Haemost 2006; 4: 295–306.

Svenungsson, et al., 2020Jan_Antiphospholipid antibodies; https://onlinelibrary.wiley.com/doi/epdf/10.1111/joim.13022

Antiphospholipid Antibody Syndrome ‐ β2‐GPI (aka apolipoprotein H)
β2‐GPI, also known as apolipoprotein H, is now
believed to be the major antigen in APS.
• β2‐GPI is synthesized by hepatocytes.
Structurally, it belongs to the complement
control protein (CCP) superfamily.
• β2‐GPI is composed of repeating protein
stretches (domains). β2‐GPI is both a circular
(circulating) and J‐shape made up of five
domains of about 60 amino acids, (domains
I–V, left side of figure).

β2‐GPI

Normally, β2‐GPI circulates in the blood in a
closed circular conformation, but it is known
that during certain conditions such as
systemic inflammation, the molecule oxidized
and “opens up” to a “J” shape (“J GPI”;
J‐structure of
“oxidized β2‐GPI”) , thus exposing otherwise
cryptic epitopes, primarily on Domain I, which β2‐Glycoprotein‐I
(β2GPI)
are known targets for anti‐β2‐GPI antibodies
5 domains
(aβ2‐GPI).

Cardiolipin

Mounting evidence now indicate that β2‐GPI
plays an important role as a scavenger molecule,
removing bacteria, microparticles, dead and
dying cells from the circulation. It may also have
shape/charge similarities to LBPA (Lysobis‐
phosphatidic acid)
Svenungsson, et al., 2020Jan_Antiphospholipid antibodies; https://onlinelibrary.wiley.com/doi/epdf/10.1111/joim.13022

Antiphospholipid Antibody Syndrome ‐ Cardiolipin
Several pathophysiological mechanisms may
contribute to the “procoagulant phenotype”
induced by aPL such as activation of platelets,
monocytes, and endothelial cells as well as
diminished function of natural anticoagulant
and fibrinolytic systems.

β2‐GPI

Cardiolipin

This has been described as the ‘first hit’, which
leads to thrombosis only in the presence of a
second provoking factor often also called the
‘second hit’. The most important inciting factor
(‘second hit’) is considered to be a systemic
inflammatory process (ie. ROS injuries), serving
as a necessary link between the aPL positive
procoagulant phenotype and definite thrombus
formation.

Cardiolipin was the first antigen used in specific aPL assays. Cardiolipin is a universal component of mitochondria in all
eukaryotes, but it can also be found in some bacterial membranes. It is a dimeric phospholipid which is a major
constituent (20%) of the inner mitochondria membrane. Cardiolipin is important for the respiratory chain in
mitochondria, and it is especially plentiful in metabolically active cells, such as myocytes in the heart and muscles
Svenungsson, et al., 2020Jan_Antiphospholipid antibodies; https://onlinelibrary.wiley.com/doi/epdf/10.1111/joim.13022

Phospholipid Hydrolysis Provides Substrates for Vascular Inflammation
Phospholipid (PL) hydrolysis provides substrates for cell‐cell communication, enables regulation of hemostasis, immunity,
thrombosis, and vascular inflammation, and is important in cardiovascular disease and associated comorbidities.
Phospholipids themselves are also recognized as “self” by innate‐like T cells, which are considered essential for
recognition of infection or cancer, as well as self‐antigens.
(A) Phospholipases PLA1 , PLA2 , PLC, and PLD
Coagulation factors comprise a series of serine proteases and
associated cofactors that are largely inactive in the fluid phase of
blood. In order to facilitate clot formation, they must self‐associate
on a negatively charged surface, where they reach a high local
concentration. This is classically achieved by platelets externalizing
PE/PS (ester and serine) following agonist activation.

hydrolyzed PLs and are named by the site of hydrolysis
Phospholipases

Platelet membrane charge change

PL cleavage and PL asymmetry in innate immune cells (figure).
Upon activation, calcium‐dependent externalization of PE and PS
Neutral
provides a negatively charged surface that supports coagulation factor
binding and facilitates prothrombin’s conversion to active thrombin.
Figure Key: Factor X and V, zymogen coagulation factors; Xa/Va, a
complex of activated factor X and factor V (prothrombinase complex).
O’Donnell, et al., 2018; Phospholipid signaling in innate immune cells
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6026006/pdf/jci‐
128‐97944.pdf

Ca+2

NEG

Flippase and floppase  Scramblase

B) Flippase and floppase enzymes maintain
membrane symmetry on resting platelet membranes
and activation (Ca signal) externalize a NEG charge.

Phospholipid Hydrolysis Provides Substrates for Vascular Inflammation
Phospholipids (PL) themselves are also recognized by innate‐like T cells, which are considered essential for recognition of
infection or cancer, as well as self‐antigens.
Phospholipases:
Common Sn1 and Sn2 site of action phospholipases
Sn1 = phospholipase PL A1/B
Sn2 = PL A2/B
PS:
Sn1 fatty
Phosphatidylserine Sn1 examples Palmitic acid
acids
PI:
Phosphatidylinositol

Stearic acid
Oleic acid

PG:
Phosphatidylglycerol Sn2 examples Linoleic Acid
PE:
Phosphatidylethanol
amine
PC:
Phosphatidylcholine
An ester PE
Plasmalogen PE

Arachidonic acid
Eicosapentanoic acid

Sn2 fatty
acids

Docosahexaenoic acid

O’Donnell, et al., 2018; Phospholipid signaling in innate immune
cells

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6026006/p
df/jci‐128‐97944.pdf

Lipid Peroxidation After Ionizing Irradiation Leads to Apoptosis and Autophagy
Lipid peroxidation reactions take place in three steps:
Step 1: Initiation – production of a fatty acid radical. In polyunsaturated fatty acids (PUFA),

methylene groups next to carbon‐carbon double bonds possess especially reactive hydrogen atoms.
Lipid peroxidation is most commonly initiated when reactive oxygen species (ROS) such as OH∙ and HO2
interact with a reactive methylene hydrogen atom to produce water and a fatty acid radical:

PUFA + OH∙  PUFA* + H2O
Step 2: Propagation. Molecular oxygen reacts with the unstable lipid radical to produce a lipid peroxyl radical.
This radical is also unstable; it reacts readily with an unsaturated fatty acid to regenerate a new fatty acid
radical as well as a lipid peroxide. This is called the lipid peroxidation chain reaction.

PUFA* + O2  PUFAOO*  Fenton Rx  HO‐PUFA*+ OH‐
Step 3: Termination. The propagation step is attenuated by intrinsic natural radical scavenging molecules in
cellular systems such as NO and hemoglobin and antioxidant controlling pathways (SOD, G‐phosphatase, catalases,
etc) and each can be a pathway of importance

Kiang, et al., 2012; Lipid peroxidation after ionizing radiation; https://www.intechopen.com/books/lipid‐
peroxidation/lipid‐peroxidation‐after‐ionizing‐irradiation‐leads‐to‐apoptosis‐and‐autophagy

Lipid Peroxidation After Ionizing Irradiation Leads to Apoptosis and Autophagy
The apoptosis process then follows is either of two pathways: extrinsic and intrinsic.

The Extrinsic pathway: The path involves the activation of pro‐caspase‐8 by external, typically
molecular signals such as FAS ligands binding to FAS or TNF binding to TNF receptors on the cell
membrane.
• Through a series of steps, pro‐caspase‐8 becomes activated caspase‐8, which then acts on the
mitochondrial membrane either directly or via the activation of caspase‐3. Subsequent steps
then follow those described for the intrinsic pathway.
The Intrinsic pathway: This pathway involves the mitochondria directly.
• When mitochondria are under stress, cytochrome c is released from the mitochondria. The
released cytochrome c conjugates with Apf‐1 and caspase‐9 in the cytoplasm to form
apoptosomes, which in turn activate caspase‐3 and ‐7.
• Activated caspase‐3 then activates caspase‐2, ‐6, ‐8, and ‐10. It should be noted that
caspase‐independent apoptosis pathways also exist, such as the intrinsic, apoptosis
inducible factor (AIF) pathway and the intrinsic, mitochondria‐derived endonuclease G‐
related pathway.
>> It is my contention we should direct MCM research efforts mainly into the EXTRINSIC Pathway.
Kiang, et al., 2012; Lipid peroxidation after ionizing radiation; https://www.intechopen.com/books/lipid‐
peroxidation/lipid‐peroxidation‐after‐ionizing‐irradiation‐leads‐to‐apoptosis‐and‐autophagy

Lipid Peroxidation After Ionizing Irradiation Leads to Apoptosis and Autophagy
The Extrinsic Pathway: The “Death signals” of
TNFR1 and FasL (CD35 ligand) receptor binding
leads to the Pro‐Caspase‐8 to active Caspase‐8.
(Caspase refers to “c” cysteine protease and
“aspase” refers to the enzyme’s property to cleave
after aspartic acid residues)

The Intrinsic Pathway: Stress (oxidative or high
Ca+2)  cytochrome c is released and forms
apoptosomes (Cyt c + Apf‐1 + Caspase‐9) which
sets Pro‐Caspase 3 to active Caspase‐3

death‐inducing
signaling complex
(DISC)

TNF receptor‐
associated death
domain (TRADD)

Fas‐associated
death domain
(FADD)

Note: A third path is an intrinsic path from endoplasmic reticulum
Wong, 2011; Apoptosis and Cancer;
https://www.researchgate.net/publication/51670362_Apoptosis_in_cancer_From_pathogenesis_to_treatment

Lipid Peroxidation After Ionizing Irradiation Leads to Apoptosis and Autophagy
Radiation induced Apoptosis – Lipid Oxidation, Cell Membranes and Recognition:
Three main types of biochemical changes can be observed in apoptosis:
1) activation of caspases,
2) DNA and protein breakdown, and,
3) membrane changes and recognition by phagocytic cells
Early in apoptosis, there is expression of phosphatidylserine (PS) in the outer layers of the cell membrane, which has
been “flipped out” from the inner layers. This allows early recognition of dead cells by macrophages, resulting in
phagocytosis without the release of proinflammatory cellular components. (histologic property? Circulating marker?)
Testing for aCL (anti‐cardiolipin) and anti‐β2‐GPI antibodies is unaffected by anticoagulation therapy. Semi‐
quantitative reporting of results (negative, low, medium or high titer) is done by most laboratories. Standardization of
these assays is also challenging, especially regarding aCL‐testing. Anti‐β2‐GPI and aCL antibodies of IgM/G/A isotypes
are detected by enzyme‐linked immunosorbent assays (ELISA) and expressed as the internationally accepted
MPL/GPL/APL units
CAPS ‐ Catastrophic Antiphospholipid Syndrome (Asherson’s Syndrome):
CAPS constitutes < 1% of all APS cases; Small vessel occlusions dominate the clinical CAPS picture. Thromboses in
large vessels may also occur. the average age at diagnosis is 38 years and 69% are female. A key observation is that
precipitating factors, ‘a second hit’, especially infections leads to high mortality (38%). Radiation effects?
Svenungsson, et al., 2020Jan_Antiphospholipid antibodies; https://onlinelibrary.wiley.com/doi/epdf/10.1111/joim.13022

TNF and DAMP/PAMP Processes Involving NF‐KB Regulation of Gene Expression
In Endothelial Cell (EC) Activation
DAMP: Damage associated
Molecular pattern
PAMP: Pathogen associated
Molecular pattern

TRAF2 activation
TRAF6 activation
IKK signalosome

DAMP and PAMP Activation are different from TNF‐a:
The IKK signalosome still translocates the P50 and P65
to the nucleus via kBa phosphorylation/ubiquitin

Radiation‐induced Premature Senescence: How NF‐Κβ is Controlled
• Ionizing radiation is a well‐known stressor that induces
premature senescence (aging/inactivity) in cells.

TLR stimulation

• The culprit is most likely severe irreparable radiation‐
induced DSB, although radiation‐induced accelerated
telomere attrition has also been suggested.
However, in addition, oxidative stress is a major player in
radiation‐induced senescence and is also involved in both
radiation‐induced DNA damage and accelerated telomere
attrition.
The NF‐Κβ stimuli leads to phosphorylation of the [IΚΚγ –
α – β] complex  [Iκβ‐p50‐p65], called NF‐Κβ.
Phosphorylation of NF‐Κβ decouples Iκβ allowing the
[p50‐p65] complex to move to the nucleus for nuclear
signaling and the creation of protein Iκβ‐ζ (an inhibitor of
NF‐κB).
In the cytoplasm protein Iκβ‐ζ binds to p65 bringing it
back to the nucleus for a secondary signal at CEBP sites.
IκB‐ζ is essential for the induction of a subset of
inflammatory genes, represented by IL‐6, whereas it
inhibits the expression of TNF‐α.

NF‐Κβ

C/EBP (CCAAT/enhancer‐binding
protein)‐binding site in the
promoters is essential for the IκB‐ζ ‐
mediated transcriptional activation.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2267307/
https://www.researchgate.net/publication/306924010_IkBz_A
n_emerging_player_in_cancer

Endothelium, Vitamin D (D3) Modulation of NF‐Κβ
COVID‐19 Damage In ECs is Modulated by Vit D3
3. blocking NF‐Κβ downregulates COVID‐19
inflammatory signaling

COVID‐19 ACE2 binding,
internalization, replication

3.
RXR is a retinoid
nuclear receptor

1. Vitamin D3 (VD3)

1.

Interacts with the
vitamin D receptor
(VDR) plus the
retinoid X receptor
(RXR)

2.
4. COVID‐19

4.

inflammatory
signaling,
aka “cytokine
storm” chain is
blocked

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605797/

2. The VD3 + VDR + RXR
complex activates genes
(proteins) that can blocks
NF‐Κβ

NF‐KB required involvement;
https://stke.sciencemag.org/content/14/666/eaaz4382

The Pharmacology of Vitamin D3 and How it Controls NF‐Κβ
3. blocking NF‐Κβ downregulates COVID‐19

NF‐Κβ =[ p50‐p65‐IΚβα ] complex
4. COVID‐19
NF‐Κβ

inflammatory
signaling,
aka “cytokine
storm”

inflammatory signaling via IΚβα blockade

IΚβα

IΚβα

The “Cytokine Storm” is initiated through the
actions of NF‐Κβ.
Toll‐Like Receptor (TLR) ligands like TNF/IL‐6 (other
“ligands”) act on the IKKn IKKa signaling motif
where the IKK complex is “neutral” (n) and
becomes “active”(a) by phosphorylation and
initiates nuclear NF‐Κβ activity.
This process is rapidly damped by A20 and IΚβα
where A20 forces IKKa back to IKKn and IΚβα
damps NF‐Κβ signaling.
A20 is a class of Cys2/Cys2zinc finger proteins.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7605797/

1. Vitamin D3 (VD3)
Interacts with the
vitamin D receptor (VDR)
plus the retinoid X
receptor (RXR) a steroid
nuclear receptor

2. The [VD3 + VDR + RXR] complex
activates genes (into proteins) that can
block the NF‐Κβ (p50 p65 IΚβα )
phosphorylation thus shutting down the
action of cytokine release by preventing
nuclear access of p50/p65 (p65=relA)

“Cytokine Storm” out of control
More ligands (dose dependency)
more IKKa  more cytokines into a
vicious cycle
NF‐KB required involvement;
https://stke.sciencemag.org/content/14/666/eaaz4382

Lipid Peroxidation After Ionizing Irradiation Leads to Apoptosis and Autophagy
After gamma radiation exposure, levels of a lipid peroxidation indicator, malondialdehyde (MDA), increase.
MDA is a biomarker of oxidative damage to lipids as it is a byproduct of lipid metabolism in the body. It exists
in vivo mainly in the enol form which makes it very reactive to irreversibly alkylate DNA and proteins.
Free radical‐mediated lipid peroxidation damages lipids and disrupts membrane structure and function.
Peroxidation is potentially mutagenic as it produced carcinogenic byproducts . MDA reacts with
deoxyadenosine and deoxyguanosine in DNA to form DNA adducts, primarily pyrimido[1,2‐a]purin‐10(3H)‐
one (M1G) that lead to mutagenic potential.
M1G toxicity has been demonstrated in studies using glutathione peroxidase‐4 knockout mice, which are
unable to themselves from lipid peroxidation and elevated M1G; mice with this lethal phenotype do not
survive past embryonic day 8.
Lipid peroxidation reactions can occur at either the cell membrane or mitochondria membranes
Either can subsequently trigger cell death through apoptosis and/or autophagy.
• Apoptosis is typically executed by caspases, which are cysteine aspartic acid‐specific proteases that cleave
an amino acid sequence‐motif located N‐terminal to a specific aspartic acid residue.
• Caspases can be broadly divided into two functional subgroups:
• those activated during apoptosis (caspases ‐2, ‐3, ‐6, ‐7, ‐8, ‐9, and ‐10) ; and,
• those implicated in the processing of proinflammatory cytokines (caspases ‐1, ‐4, and ‐5).
Kiang, et al., 2012; Lipid peroxidation after ionizing radiation; https://www.intechopen.com/books/lipid‐
peroxidation/lipid‐peroxidation‐after‐ionizing‐irradiation‐leads‐to‐apoptosis‐and‐autophagy

Glycosaminoglycans (sulfated/nitrogenous sugars), PF4 and Injuries
Pathogens damage tissues  coagulation triggers (PAMPs) Release of PF4 from platelet α‐granules
Involvement of EC surface glycans in pathologies
Platelet Factor 4 (PF4), also known as chemokine
CXCL4, is a cationic, 7.8 kDa protein which forms
tetramers at physiological pH and ionic strength. PF4 is
released from the alpha‐granules of activated platelets
as a complex with a chondroitin sulfate proteoglyan
carrier (heparin).
It disappears rapidly from plasma as it transfers to
higher affinity heparan sulfate on endothelial cells,
inhibiting local antithrombin (AT) activity and thus
promoting coagulation.
In addition,
Immune complexes of PF‐4/heparin/IgG are a source
of heparin‐induced thrombocytopenia (HIT).
The HIT mechanism of action: heparin molecules bind to
platelet factor 4 (PF4), forming PF4‐heparin complexes,
The antibody responses immune complexes stimulate
the activation of platelets

https://www.urmc.rochester.edu/labs/refaai/projects/hit.aspx

Glycosaminoglycans (sulfated/nitrogenous sugars), PF4 and Injuries
Pathogens damage tissues  coagulation triggers (PAMPs) Release of PF4 from platelet α‐granules
Murine monoclonal antibody (KKO) forms immuno‐based
PF4/heparin complexes and causes heparin‐induced thrombosis
and thrombocytopenia in a murine model

Theoretical HIT Model: PF4‐Heparin size  Ab recognition
 coagulopathies

chemokine
CXCL4

murine model of HIT
FcγRIIa
(CD32) on
platelets

PF4 is released from the alpha‐granules of activated platelets as a complex with a chondroitin sulfate proteoglyan carrier
(heparin). It disappears rapidly from plasma as it transfers to higher affinity heparan sulfate on endothelial cells, inhibiting
local antithrombin (AT) activity and thus promoting coagulation. The antibody development favors women more than men.
OTHER REFs: https://www.translationalres.com/article/S1931‐5244(20)30077‐3/fulltext
https://thrombosisjournal.biomedcentral.com/articles/10.1186/1477‐9560‐11‐7

A Bit of History on PF4 Peptide Analogs and Infection Imaging
Work performed in the early 1990’s on radiolabeled peptides for occult infection imaging
A 99mTc‐labeled peptide was constructed comprised of the C‐terminal
sequence of PF‐4 and five lysine residues. The peptide, P483, when
combined with heparin, heparan (or other GAGs) and labeled with
99mTc (99mTc‐P483H) was found to be an effective infection‐seeking
imaging agent in a rabbit 24 hr E. coli infection model at 4 hrs post inj.
When exposed to human blood in vitro, 99mTc‐P483H rapidly
associated with WBCs, predominately mononuclear cells and was
metabolically stable. Technetium‐99m‐P483H provides high Imax
(infection nidus sample):muscle and Imax:blood (nidus‐to‐blood) ratios
early after injection (4 hr or less). These 4‐hr ratios are far superior to
In‐111‐labeled WBCs and other available agents. Technetium 99m‐
P483H represents a promising new clinical candidate for detection of
occult infection and inflammation.

P483H images at
4 hrs post. Left:
E.coli infection in
left calf muscle;
right: No infection;
human WBCs (rt) vs
plasma (lft)

Imax:Cont: 24:1

Imax:Cont: 36:1

Tc‐99m P483H images at 4 hrs post.
Left: E.coli infection in left calf muscle imaged at 4
hours with heparin (UF) + P483
right: E. coli infection imaged with heparan + P483;
Note: a specific molar ratio of 9.4 ug peptide
to 1 USP unit of heparin was determined optimal.

Therapeutic Strategies for the Prevention of Radiation‐Induced Damage
Target: Leucine‐rich‐repeat‐containing family pyrin 3 (NLRP3) inflammasome
Multiple effects on the NLRP3 inflammasome activation
occur following radiation exposure.
• Radiation‐induced NF‐κB activation is responsible for
the upregulation of NLRP3 and pro‐interleukin‐1β.

DAMPs

 Secondary damage signals (DAMPs) come from multiple
pathways: water radiolysis, K+ efflux, endoplasmic
reticulum (ER) stress, mitochondrial dysfunction,
ceramide pathway, and lysosomal rupture pathways,
most of which appear to converge in the production of
reactive oxygen species (ROS).
 The primary and secondary signals trigger the
nucleosome leucine‐rich pyrin 3 (NLRP3) inflammasome
activation, resulting in the maturation of caspase 1 and
IL‐1β.
 Two evolutionarily conserved degradation pathways:
ubiquitin‐proteasome and autophagy, where BOTH
negatively regulate NLRP3 activation.
 MCMs designed to degrade or interfere in the formation
of the inflammasome could be useful
https://www.frontiersin.org/articles/10.3389/fcell.2020.00140/full#h5

Expanded view on next slide

Two signal activation of the NOD‐like receptor family
pyrin domain containing 3 (NLRP3) inflammasome.

Leucine‐Rich‐Repeat‐Containing Family Pyrin 3 (NLRP3) Inflammasome
DAMPs: damage‐associated
molecular patterns
PAMPS (pathogen‐associated molecular
patterns) initiate increases in ROS as do
oxidized LDL (oxLDL) or irritants like uric
acid crystals.
They all initiate the NLRP3
inflammasome formation (construct:
ASC+NLRP3+Caspase‐3)
The NLRP3 inflammasome is involved in regulation of the
expression of profibrotic cytokines (e.g., TGF‐β, PDGF,
and IL‐6).
Activation of the NLRP3 inflammasome also augments
TGF‐β signaling in the kidney epithelium leading to
fibrosis in that tissue.
https://www.frontiersin.org/articles
/10.3389/fcell.2020.00140/full#h5
https://www.researchgate.net/publication/334717397_Inflam
mation_as_a_Therapeutic_Target_in_Atherosclerosis

The Endothelium -Part 2: SU M M ARY N otes
What are the main take‐home ideas form this talk?
• The endothelium is a major player in the totality of biologic systems involved in radiation‐injury
• Targets of interest/ MOAs that can be exploited include:
• NOS triggers that control ROS
• The ACE2 receptor as a ROS balancing act
• damaged electrosignaling (i.e., leaky Ca, Na and K channels; and altered Vmemb – voltage channels)
• The AT II/MasR/AT2R axis acts as a counterbalance vs ACE/AT II/AT1R axis
• Management of patients with CVD includes angiotensin‐converting enzyme inhibitors (ACE‐I) and
Angiotensin Receptor blockers (ARBs)
• The linkage of Inflammatory responses and coagulation pathways
• Antiphospholipid antibodies (APA) promote activation of endothelial cells, monocytes, and platelets
• Radiation‐induced Premature Senescence: How NF‐Κβ is Controlled
• E‐selectin and its role in leukocyte/ Mφ rolling
• The NLRP3 Inflammasome
• PF‐4 and EC GAG involvement
This subject is inexhaustible – The slides in this presentation are intended to introduce the topics and start to
exploit their linkage in a Systems Pharmacology manner.
Our Next Topic: Radiation Biophysics – the Uncertainty of Delivered Dose

