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Translational overview of COVID-19
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The immunopathology of COVID-19
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A. Lymphopenia
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B. T cell activation
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C. Lymphocyte dysfunction
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D. Abnormalities of granulocytes and monocytes

Abnormaiities of
@ granulocytes and monocytes
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E. Increased production of cytokines
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F. Increased antibodies

@ Increased antibodies
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An integrated working model of COVID-19 immunology and disease severity
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An integrated working model of COVID-19 immunology and disease severity

@ B Average SARS2 infection

. - . 4 2’
)}Jld‘u’(j"uﬂ;iw}d’j"rﬁlp'l

T cells

Viral load l Antibodies

| |
Sette, A, Cell. 2021 Feb)| } i I :

18;184(4):861-880 Innate Adaptive immunity

11



An integrated working model of COVID-19 immunology and disease severity

@ & Severe SARS2 infection
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Potential mechanisms of SARS-CoV-2-induced immunopathology

a. Depletion and exhaustion of lymphocytes b. Increase of neutrophils
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A. Potential mechanisms of depletion and exhaustion of lymphocytes

@ a. Depletion and exhaustion of lymphocytes
= @ @ @
.:(]Jduun’b:«;«b;;d’/;r}‘apb
, TNF-a, IL-6,
Spike IL-10 \A/EOH

protein (S)

~ o) Viruskinfection OH
Lactic acid
Damage

‘
Sple r): ;;F; l
T cell impaired
and dysfunction
14

| \ ]

Yang, L, Signal Transduct lnpaired .
Target Ther. 2020 Jul P T cell depletion Lymphopenia
25:5(1):128 T cells and exhaustion




O

. . . & a'
;JJdL,JU"’Lw;«L«;;d’/'r}%?'J

Yang, L, Signal Transduct
Target Ther. 2020 Jul
25;5(1):128

B. Increase of neutrophils

b. Increase of neutrophils
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C. The potential mechanisms of cytokine storm induction
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Pathophysiology of a Cytokine Storm
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Clinical manifestations in the cytokine storm syndrome
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Alterated mental state

Seizures
Encephalopathy
Coma

Fever

Acute respiratory
distress syndrome

Anuria/Oliguria

Hepatomegaly
Splenomegaly

Hematemesis
Rectal bleeding

Petechiae

Purpura
Ecchymoses
Epistaxis
Lymphadenopathy

Rash
Erythroderma
Edema

Clinical manifestations

Laboratory findings

Pleocytosis in cerebrospinal fluid

Elevated CRP
Decreased ESR
Increased IL-2R

Low PaO2 with decreased P/F
ratio and hypercapnia defined
by an increased PaCO2

Acute renal injury

Elevated transaminases
Elevated bilirubin
Hypoalbuminuria
Elevated ammonia
Elevated triglycerides

Leukopenia
Anemia
Thrombocytopenia
Hemophagocytosis
Hyperferritinemia

Not reported
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D. Antibody-dependent enhancement
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Two main ADE mechanisms in viral disease

Macrophage-tropic viruses: dengue virus, FIPV
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Clinical implications of SARS-CoV-2-induced immunopathology

The effect of lymphopenia on The effect of elevated cytokine
microbiota infection production on severe syndromes
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Potential immunotherapeutic strategies for COVID-19
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key Immunotherapeutic approaches against COVID-19

Therapy Example Potential target Mechanism of action
Convalescent plasma (CP) Viral proteins (S, nucleocapsid, RBD, etc.), immune Viral neutralization & clearance
& hyperimmune globulin components (complement (C3a, C5a), (opsonization, phagocytosis, ADCC,
(H-1G proinflammatory cytokines, autoantibodies (FcRn &  complement fixation),
FevR), DC (MHC 11, IL-12, 1L-10, IL4, TL-1R A, immunomodulation, | inflammation, |

CDREO/CDE6, endocytosis), Thl (IL-6), Th2 (IL-4 & thrombotic problems
IL-5), Th17 (IL-17 A & F, CCL20 & IL-21), CDR'

T cell (cytotoxicity & proliferation), Treg (IL-10), B

cell (FeyRIIB, proliferation and apoptosis)), M1

macrophage (migration)
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Passive immunotherapy

Intravenous Immune components similar to CP & H-1G Immunomodulation, | inflammation, |
immunoglobulin thrombotic problems

Monoclonal antibody Viral proteins (S, RBD, HR1), NAMPT, ion | viral infection & spread, |

(CR3022, m396, F26G19, channels, ACE2, viroporins, CD147, CCRS, CDI16, inflammation and tissue fibrosis
1G10, 1A9, 2B2.4B12, TLR3, G-CSF, MCP-1, IL-4, IL-10 & ITAM

5309, dewetting antibodies)

Fedratinib JAK2 Block viral trafficking, mitigating

cytokine storm (Th17 suppression, | IL-
22, IL-17 & GM-CSF), Slight noise in B
cell & innate immunity

= Baricitinib cyelin G-related kinases (JAK| & JAK2), AAK] Block viral membrane trafficking, |

:E pulmonary failure, immunomaodulation

E Ruxolitinib JAKT & JAK?2 Improving lung & kidney activity, T

U hemodynamic balance, | tissue

o inflammation (| CD8" T cell

v proliferation via STATI blocking)
[brutinib, acalabrutinib & BTK Block B cell proliferation & cytokine
zanubrutinib release
Sunitinib RTK Block viral membrane trafficking
Erlotinib EGFR Block viral membrane trafficking

Bayat, M, Int Immunopharmacol. 2021 Jun;95:107516 >



key Immunotherapeutic approaches against COVID-19
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Fedratinib JAKZ Block viral trafficking, mitigating
cytokine storm (Th17 suppression, | [L-
22, IL-17 & GM-CSF), Slight noise in B
cell & innate immunity
= Baricitinib cyelin G-related kinases (JAKI & JAK2), AAK] Block viral membrane trafficking, |
:E pulmonary failure, immunomodulation
E Ruxolitinib JAKT & JAK2 Improving lung & kidney activity, T
-a hemodynamic balance, | tissue
e inflammation (| CD8™ T cell
v proliferation via STATI blocking)
[brutinib, acalabrutimib & BTK Block B cell proliferation & cytokine
zanubrutinib release
Sunitinib RTK Block viral membrane trafficking
Erlotinib EGFR Block viral membrane trafficking
IL-6 inhibition (tocilizumab,  1L-6, soluble and membrane bound IL-6R Block proinflammatory downstream
sarilumab, siltuximab, JAK-STAT signaling, | cytokine storm,
sirukumab, clazakizumab) | inflammation
- IL-1 inhibition (anakinra) [L-1R | eytokine storm, | inflammation, | lung
E‘ injury
;_% TNF-a inhibition TNF-u Mitigating cytokine storm, |
9 (etanercept) inflammation, | lung injury
% GM-CSF inhibition GM-CSFR & GM-CSF | inflammation, | lung injury
3 (mavrilimumab, TJ003234,

gimsilumab, lenzilumah)

VEGF inhibition
{(bevacizumab)

VEGF

| lung injury

IFNs prescription

IFN-p-1b, [FN-i

T antiviral defense, immunomodulation

Bayat, M, Int Immunopharmacol. 2021 Jun;95:107516
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key Immunotherapeutic approaches against COVID-19
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Eculizumab

- C35 | inflammation, recovery of
E g AMY-101 C3 Iympl?m:}flup::nia & thrombocytopena,
5 = blocking C3 & C5 convertases, | lung
8.2 f ine vaseularzati
== injury, reducing vascularization &
S = microvascular injury, | aberrant
thrombaosis & NETosis
CD24-Fe Siglecl0 B cell tolerance, | DC-mediated tissue
inflammation, immunomodulation,
recovery of T cell number & activity, |
leukocvte infiltration
ACE2 blocking agents ACE2 | viral infection, antiviral response

Engineered product

(soluble RBD, RBD-Fc,
scFV, nanobodies, VHH
domain)

induction (Fc-mediated phagocytic &
MK cell activation)

S protein blocking agents
(OC43-HR2P, EKI, soluble
ACE2, ACE2-Fc, hrACE2)

S protein (HR 1, HR2)

| viral infection, antiviral response
induction (Fc-mediated phagocytic &
MK cell activation)

Cell-based therapy

NK cell supply (CYNK-
001, NKG2D-ACE2 CAR-
NK., bystander activation of
self NK cell)

Self or non-self NK cell

Recovery of NK cell homeostasis &
activity, T antiviral defense

MSC adoption

MSC

Immunomodulation, | inflammation, |
viral replication, immunosuppression,
tissue repair, lymphocyte recovery, t
tDC & Treg

Bayat, M, Int Immunopharmacol. 2021 Jun;95:107516
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key Immunotherapeutic approaches against COVID-19

Immune checkpoint PD-1. PD-L1, TIM3 Recovery of NK & T cell activity &
o inhibitor number, T antiviral defense
® g’ *§ ']'i;sue_ﬁbmsis blocker TGF-p1, PDGF Lti;-:su»:e ﬁbmsi_s & EM f-:_rnﬂaticm.
oo J,//.r o, g E (pirfenidone) antioxidant, | inflammation
' ' ) = e Growth factor Thymosin, IL-7 T proliferation & differentiation of B,
. NK & T cells, 1 NK & T survival, T B
cell maturation and immune homeostasis
PRR ligands (viral ds & TLR3, TLR7, TLRY, TLR 2/6 T IFNs response & viral eradication
ssRNA, CpG, PUL-042)
Antimicrobial peptide Viruses, bacteria & fungi 1 viral defense, altering the cytokine
(defensin) milieu of the lung
Calcineurin inhibitor Calcineurin, viral reproduction Immunosuppression, | inflammation &
(tacrolimus, cyclosporine) cytokine storm. | viral replication
Corticosteroid IL-1, TNF-a, PG, NO & ROS | lung injury & inflammation, | ARDS,
§ (dexamethasone, IMMmMuUNoSUppression

5 ciclesonide)

ﬁ NSAID (indomethacin, Cyclo-oxygenase, viral reproduction | inflammation, | viral replication

= ibuprofen, naproxen)

E mTOR inhibitors mTOR, memory B cell, viral reproduction | ADE, | viral replication & spread

% (rapamycin, sirolimus)

Z Metabolic enzyme blockers WBC proliferation, DNA, guanine nucleotide, Immunosuppression, | T cell progenitor
(6-mercaptopurine, Papain-like protease proliferation, | inflammation, DNA
mycophenolate mofetil, 6- methylation/alkylation, block guanine
thioguanine) synthesis, | viral replication & spread

Bayat, M, Int Immunopharmacol. 2021 Jun;95:107516 *°
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