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History

In 1975, Kohler and Milstein published their seminal
manuscript on hybridoma technology enabling the
production of mouse monoclonal antibodies (mAbs)

mouse, chimeric, humanized, to fully human mAbs

more than 20 mAbs, and more than 150 other mAbs are
currently in clinical trials .


http://0-www.nature.com.opac.uthsc.edu/nrd/journal/v9/n4/full/nrd3003.html#B7
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Activities of Monoclonal Antibodies
Antagonism and Signalling

| Functions of mAbs, which include antagonism and signalling,
are controlled by specific CDRs within the Fab region. Certain
MADs can specifically bind to either a ligand for example,
Infliximab and omalizumab, or to a receptor, for example,
natalizumab and daclizumab — and thereby prevent
stimulation.

| By contrast, other mAbs can specifically induce signal
transduction by binding to a receptor.TGN1412 is a CD28
superagonist (CD28SA), which means that ligation of the T-
cell receptor is not required for T-cell activation.



Antagonism
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Activities of Monoclonal Antibodies
Actions Controlledby the Fc Region

Functions of mADbs controlled by the Fc region
iInclude complement-dependent cytotoxicity (CDC),
antibody-dependent cell-mediated cytotoxicity
(ADCC) and antibody-dependent cellular
phagocytosis.

Certain mADbs can lyse cells (for example, T cells or B
cells) through complement activation, whereas other
MADs can bind to Fc receptors and mediate cell lysis.



LYSIS

Nature Reviews Drug
Discovery 9, 325-338 (April
2010

Alemtuzumab
Rituximab




Nature Reviews Drug Discovery
9, 325-338 (April 2010

Alemtuzumab
Rituximab




Reactions to Monoclonal Antibodies

Most reactions to mAbs occur acutely during the infusion
Symptoms range from mild rigors to anaphylaxis
Reactions can occur on the initial or repeated exposure(s)

Skin tests to the offending agent can be negative



Classification of reactions to Immunomodulators

| cytokine release syndromes, interferons (flu-like) or
ache-like lesions (anti-epidermal growth factor receptors)

IgE, 1gG, and Tcell

Cytokine imbalance syndromes

Immune deficiency

Miscellaneous (TNF induced heart failure)

Modified from Pichler W.J. Adverse side-effects to biological agents. Allergy 2006 ; 61 : 912-920



Classification of reactions to Immunomodulators

| Acute
Anaphylactic
Serum sickness

Tumor lysis syndromes (usually
lymphomas/leukemias)

Cytokine release syndromes (cytokine storm)



Classification of reactions to Immunomodulators

| Chronic

Progressive multifocal encephalopathy (natulizumab)

Auto-immune syndromes
Lupus-like (anti-Tnf)
Thyroid auto-immune disease (alemtuzumab)
Auto-immune colitis (ipilimumab)
Cancer (infliximab)
Dermatitis (panitumumab)

Cardiac dysfunction (Trastuzumab)
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Cytokine storm Capillary leak
TNFa, IFNy syndrome
IL-1B, IL-2, IL-4, IL-6, < Endothelial
IL-8, IL-10, IL-12 damage

Immuno-
pathogenesis

Multiple organ failure

« Pulmonary infiltrates

» Lung injury

« Acute respiratory distress syndrome
« Cardiovascular shock

» Disseminated intravascular coagulant
« Renal failure

End-organ damage




Tumor lysis syndrome

| hyperuricemia, hyperkalemia, hyperphosphotemia,
hypocalcemia and uremia. Patients may demonstrate one,
several, or all of these metabolic abnormalities. Renal
fallure can follow

MTYOMS Associated Breast cancer

CLL, CML (blast crisis) Testicular/Germ cell
NonHodgkins Lymphomas (high grade): Soft tissue sarcomas
Follicular Small cell lung cancer

Diffuse large cell Meduloblastoma



Nature Reviews Drug Discovery 9, 325-
338 (April 2010

Cell lysis
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Antagonism Signalling
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Types of mAbs

Murine murine amino acids
e.2. muromonab

Chimeric Human constant (C) ‘xi" = chimeric x

+ murin iable (V) regions  e.g. rituximab

Humanized Murine complementarity ‘zu" = humanized

determining regions (CDRs)  e.g. alemtuzumab Infliximab

Omalizumab
Human Entirely human amino acids ‘v’ = human Natalizumab Alemtuzumab Alemtuzumab
Y
e.g. adalimumab Daclizumab TGNI Rituximab Rituximab
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Hepatitis B reactivation with fulminant

Cardiac arrhythmias

Infusion reactions
Si

Hypomagnesaemia (2

Severe infusion reactions
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Cardiotoxicity with anthracyclines
n reaction
Pulmonary toxicity
Hypomagnesaemia
Anaphylaxis and anaphylactoid reactions
UTRI
Headache
Serious infections
Abnormal liver function. neutropaenia and
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Cytokine storm

Surface receptors on T cells can cause a cytokine storm when
activated by therapeutic monoclonal antibodies (mAbs). Three
MADs that cause cytokine release on infusion in humans are
alemtuzumab , muromonab-CD3 and TGN1412. Alemtuzumab
recognizes CD52 and causes complement-dependent lysis of
lymphocytes. Muromonab targets CD3. TGN1412 is a CD28
superagonist (CD28SA); that is, a co-stimulator molecule

contributing to activation of naive T cells.
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Cytokine Storm

TGN1412 can directly causes cytokine release by cross-linking
CD28 causing the formation of an immunological synapse on T
cells, and binding of CD28SA to Fcy receptors on endothelial cells
and other leukocytes. Activation of CD28 also causes upregulation
of adhesion molecules such as CD11b which can then bind to
intracellular adhesion molecule 1 (ICAM1) on endothelial cells. T
cell-endothelial complexes have the capacity to cause amplified
cytokine production and local endothelial damage. Hence, the
cytokine storm and neutrophil infiltration could mediate the
capillary leak syndrome with resultant multiple organ failure
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CD285SA
(e.g. TGN1412)

Cytokine Storm

T cell-
endothelial
cell adhesion

Potential differences between humans

and monkeys:

» CD28 structure: difference in three
transmembrane residues.

» CD28SA binding kinetics and calcium
response (sustained in humans).

» Immunological synapse (IS) formation
involving CD28 cross-linking.

» Greater T-cell adhesion to endothelial
cells through CD28SA/FcyR and
CDNb/ICAMI in humans

« Greater immunoregulation in animals
(through SIGLECs, T, and cytokines).

Endothelial cells



| The Immune Synapse forms on the T-cell plasma
membrane, in which the five components of the TCR-
CD28 microcluster aggregate to form a central
supramolecular activation cluster (c-SMAC). The latter
consists of a core of TCR and CD3 molecules,
surrounded by aring of CD28 molecules with associated
protein kinase CO, which causes sustained T-cell
activation.
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Cytokine Storm

Cytokine storm Capillary leak
TNFa, IFNy syndrome
IL-1B, IL-2, IL-4, IL-6, > Endothelial
IL-8, IL-10, IL-12 damage

TCR-CD28
microcluster

Multiple organ failure

« Pulmonary infiltrates

» Lung injury

« Acute respiratory distress syndrome
« Cardiovascular shock

» Disseminated intravascular coagulant
« Renal failure
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Anaphylaxis to Monoclonals

Cetuximab Anti-TNF
Natalizumab Abciximab
Toclizumab Alemtizumab
Basilixumab Basiixumab



Anti infliximab antibodies In reactors and non
reactors

11 reactors, 60 non reactors

Assessed for antibodies to infliximab

Inconsistent findings but in some reactors antibodies to
Infliximab were detected

Allergy 2010 65:657
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Galactose-a-1,3-Galactose

Found on the fab segment of
cetuximab

Found in non primate mammals

Humans have natural IgG ab
against

IS major antigen preventing
transplants

Anaphylaxis pork, beef
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Delayed anaphylaxis, angioedema, or urticaria
after consumption of red meat in patients with
IgE antibodies specific for galactose-a-1,3-

galacfose

24 patients with delayed reactions after meat
Negative prick tests to commercial antigens
Positive prick, ID to fresh meat

Positive for IgE anti gal-gal
JACCI 123: 426-433, 2009



Tween and Chremophor
Polysorbates

HQI(CHQCHQO)KOCO(CHa)7CH=GHCHgCH0H(CH2)5CH3

M (CHECHZO)YOCO(C H2)70H=CHCHQCHOH (CHz)ECHa

H,C(CH,CH,0),0CO(CH,);CH=CHCH,CHOH(CH,)sCH,

(x+y+2z~35)

{CHzCHZO)XOH

(CH,CH,0)20CO(CH,),CH=CH(CH,);CHs




Polysorbate activates basophils

Basophile activation test
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Differences between older and younger E.D pts

Food was the most
frequently suspected cause of anaphylaxis for patients younger than 50 or 65 years but
was much less common in patients 50 or 65 years or older .

* Cardiovascular symptoms were more likely to occur in older patients

* Patients 50 or 65 years or older were less likely to be dismissed home directly from the

ED and were less likely to be prescribed self-injectable epinephrine (=50 years old,
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