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* Anatomy and physiology of NMJ
* Drug related NMJ disorder

* Toxic related NMJ disorder

* Summary



Anatomy site of drug associated myasthenia
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Peripheral neuro toxic agents
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Vulnerability of peripheral nervous system
motor unit and subcellular structures. A
peripheral nervous system diagram depicting
sites of action of some biological,

Myelin Sheath @

LEGEND

environmental, and pharmaceutical agents
ON on motor neuron, axon, and neuromuscular
function.

. Doxorubicin (suicide transport)
. ddl, ddC, Thallium

. Diphtheria Toxin

. Hexachlorophene

. Marine Toxins (Ciguatera, Tetrodotoxin,
Saxitoxin), Pyrethrins

Vinca Alkaloids, Taxoids, Colchicine,
Pyriminil

Botulinum Toxin, B-W Spider Venom,
Elapid Venoms

Organophosphates, Carbamates

a-Bungarotoxin, d-Tubocurarine,
Marine Toxins

10. Tetanus Toxin
11. Statins, Zidovudine, Ethanol
12. Phencyclidine (PCP), Ketamine

4. lon Channels

[ S

o

N

Ach = acetylcholine.

©

Mitochondria @

©

Fusion and Helease@

of ACh

&
&
rd - ACh-Gated Nicotinic
it
Na* Receptor @

Ch
Reuptake

ACh Esterase

Endplate se—-

Voltage-Gated lon

Channels @

Na* Na*

— Schaumburg, Herbert; Albers, James W. CONTINUUM: Lifelong Learning in Neurology14(5):11-34, October 2008.
:_:__1 WDI.tErS KI_U"."'."E'r Copyright © 2019 American Academy of Neurology 4



Peripheral neuro toxic agents

Nucleus
Glutaminergic
Excititory
Neuron @

Schwann Cell
Nucleus

Glycinergic
@ Inhibitory
Anterior Horn Cell |nleron

Vulnerability of peripheral nervous system
motor unit and subcellular structures. A
peripheral nervous system diagram depicting
sites of action of some biological,

Myelin Sheath @

LEGEND

environmental, and pharmaceutical agents
ON on motor neuron, axon, and neuromuscular
function.

. Doxorubicin (suicide transport)
. ddl, ddC, Thallium

. Diphtheria Toxin

. Hexachlorophene

. Marine Toxins (Ciguatera, Tetrodotoxin,
Saxitoxin), Pyrethrins

Vinca Alkaloids, Taxoids, Colchicine,
Pyriminil

Botulinum Toxin, B-W Spider Venom,
Elapid Venoms

Organophosphates, Carbamates

a-Bungarotoxin, d-Tubocurarine,
Marine Toxins

10. Tetanus Toxin
11. Statins, Zidovudine, Ethanol
12. Phencyclidine (PCP), Ketamine

4. lon Channels

[ S

o

N

Ach = acetylcholine.

©

Mitochondria @

©

Fusion and Helease@

of ACh

&
&
rd - ACh-Gated Nicotinic
it
Na* Receptor @

Ch
Reuptake

ACh Esterase

Endplate se—-

Voltage-Gated lon

Channels @

Na* Na*

— Schaumburg, Herbert; Albers, James W. CONTINUUM: Lifelong Learning in Neurology14(5):11-34, October 2008.
:_:__1 WDI.tErS KI_U"."'."E'r Copyright © 2019 American Academy of Neurology 5



Drug induced myasthenia

Antibiotic
250mg



Drug induced myasthenia

1. Worsening MG symptoms or unmask MG e.g. B blocker,
aminoglycoside etc.

2. Interfere neuromuscular transmission e.g. anesthetic agent or NMJ
blocking agents (+- underlying NM weakness, RF, hepatic failure,
electrolyte imbalance) = Delayed recovery of respiratory functions
after GA + NMJ blocking agents

3. Induced autoimmune process e.g. D-penicillamine, immune check
point inhibitor

Reduced of safety factor for neuromuscular transmission




Etiology and pathogenesis

N s
* Acute: inhibiting synaptic vesicle release ;@

s:hwann cell \7_//

acetylcholine synthesis, acetylcholine w,:m.;y %m:
receptor activation, or cholinesterase - - M

e Chronic: A breakdown in self-tolerance,
producing a T cell-driven antlbody
production—=2>form Ab.




Clinical manifestations

* Progressive, and typically symmetric, muscle
weakness. ptosis, diplopia, dysphagia, and
dysarthria.

* Neu ropathy: motor, sensory, autonomic or/and
myopathy

Depend on site of action: pre or post synaptic
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Worsening MG symptoms or unmask MG

* Clinical manifestation are similar different subgroups of MG.

Subgroup Proportion of | Age of onset Sex Clinical features
all MG (%) (years) (M:F)

Ocular MG 15-25 4-90 3:2 Ptosis, ophthalmoplegia

Early onset AChR-MG 20-25 2-40 1:3 Ptosis, ophthalmoplegia, generalised
weakness

Late onset AChR-MG 30-40 40 3:2 Ptosis, ophthalmoplegia, generalised
weakness

MuSK-MG 5-8 2-70 1:3 Predominant ocular, facial and bulbar
weakness

Seronegative MG 5-10 10-70 1:2 Ptosis, ophthalmoplegia, generalised
weakness
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Antibiotics

Anticonvulsants

Cardiovascular
drugs

Drug effect on NMJ transmission

Aminoglycoside
e.g. streptomycin,
gentamycin,
amikacin

- Penicillin,
sulfonamides,
tetracyclines,
fluoroquinolones

- Polymyxin B,
colistimethate, and
colistin

- Variconazole

Phenytoin

-Beta blocker :
propranolol, practolol,
and timolol

Pre and post synaptic of neuromuscular

transmission

Block Ach R

-Reduce quantal release of Ach
- Desensitizing the endplate

Pre and post synaptic of neuromuscular
transmission (dose dependent)

+ neuromuscular blocking agents
+ MG exacerbation/LEMS

+ alter pharmacokinetic of drugs
e.g. + RF or combine neuromuscular
blocking agents

MG exacerbation

MG or LEMS



Drug effect on NMJ transmission

CVS drugs Quinine
Quinidine

Corticosteroid

Neuromuscular Succinylcholine
blocking drugs

Depolarized,

Non depolarized

Ophthalmic B adrenergic

drugs blocking eye drops
e.g. timolol maleate
Echothioplate

-Presynaptic,  release of acetylcholine,
-Postsynaptic, with a curare-like
action

Depolarization of nerve terminals,
Reduction in neurotransmitter release,
Changes in choline transport,
Antagonism of neuromuscular blocking
agents,

Intracellular potassium depletion

Same as B blocker

Long acting Ach Inh = cholinergic weakness

Neuromuscular blocking agents

MG and high dose steroid

Degree of neuromuscular blockade
Acid-base status

Electrolyte imbalance

Underlying MG, LEMS

MG/LEMS

MG/LEMS + mestinon,
succinylcholine



Drug class/
indication

Phenothiazine

Rheumatologic
drugs

RA, Wilson,
Cystinuria

Leukemia, hep C

Others

Drug effect on NMJ transmission

Chlorpromazine

Chloroquine

D-penicillamine (DP)

Interferon alpha

D, L-carnitine

Diuretics
Magnesium
(>5 mEq/L)

a postsynaptic block with a reduction in
MEPP and EPP amplitudes.

Pre and post synaptic

Suppresses excitability of muscle
membrane

Altered immune regulation ? > MG

Mild, autoimmune ocular MG (AchR ab +)
Rx improved after discontinue DP

Pre synaptic : ~ hemicholinium
Post synaptic block by the accumulation of
acylcarnitine esters

Hypokalemia

MG, succinylcholine

MG

Genetic predisposing

MG + hemodialysis

MG exacerbation
MG exacerbation, RF and pregnancy
with preeclampsia



Immune Checkpoint
Inhibitors




D-penicillamine (D-P)

Conditions used:

* Therapy of rheumatoid arthritis, scleroderma, primary
biliary cirrhosis, Wilson’s disease, and cystinuria.

* Most reports involve patients with rheumatoid arthritis
(RA) who have underlying autoimmunity.

* One study showed, Long-term use of D-penicillamine
does not produce clinical, electrophysiologic, or

significant immunologic evidence of MG in patients
with WD.

* D-P-MG is reversible upon drug withdrawal and anti-
AChR titers fall gradually.



D-penicillamine (DP)

Onset: 4-9 months after expose DP (occasional 5-8 years)
Clinical: mild, usually ocular MG

Associated HLA Bw35 and DR1

Lab: anti-AChR ab +ve but decreased after withdraw DP

Rx: discontinue DP, symptomatic pyridostigmine,
iImmunosuppressive is not require except severe case.

Prognosis: full recovery within 2-6 months after
withdraw DP.



Others medications induced autoimmune MG

* IFN o, IFN B, chloroquine, trimethadone,
ritonavir, riluzole

* Lovastatin, pravastatin, simvastatin

Clinical, lab, treatment and prognosis : ~ to
expose DP



Anti-MuSK- and anti-AChR-positive myasthenia gravis induced by d-penicillamine
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Background: Myasthenia gravis (MG) is an autoimmune disorder of the neuromuscular junction usually
caused by antibodies to the nicotinic acetylcholine receptor (AChR) and occasionally to muscle-specific kinase
(MuSK). p-penicillamine is a therapeutic agent for several diseases, but can also induce a number of immune-
mediated disorders, including MG, as a side-effect. In most patients with p-penicillamine-induced MG, anti-
AChR antibodies are detected, but the presence of anti-MuSK antibodies has not been reported previously.
Case: The case reported was a female patient who presented with myasthenic symptoms after p-penicillamine
administration for scleroderma.
Results: Both anti-AChR and anti-MuSK antibodies were identified in the patient's serum. The anti-MuSK anti-
bodies were of the IgG4 subclass, as in idiopathic MG. Both types of antibody gradually disappeared after
discontinuation of p-penicillamine. A significant improvement in symptoms was observed and the patient
gradually became free of MG symptoms, without requiring any treatment for MG. Another four double-
positive (anti-AChR and anti-MuSK antibodies) patients were identified during a retrospective study, but none
had been treated with p-penicillamine.
Conclusion: p-penicillamine can cause anti-AChR and anti-MuSK antibody-positive MG, a rare phenomenon
which is reversed after discontinuation of p-penicillamine treatment.

© 2012 Elsevier B.V. All rights reserved.



Immune check point inhibitor

renal-cell carcinoma, hepatocellular
carcinoma, classic Hodgkin’s lympho-
ma, squamous-cell carcinoma of the
head and neck, urothelial carcinoma,
colorectal cancer with high micro-
satellite instability or mismatch-repair
deficiency

Pembrolizumab PD-1 Melanoma, non—small-cell lung cancer,
classic Hodgkin’s lymphoma, squa-
mous-cell carcinoma of the head and
neck, urothelial carcinoma, gastric
cancer, solid tumors with high micro-
satellite instability or mismatch-repair

deficiency
Atezolizumab PD-L1 Non—small-cell lung cancer, urothelial
carcinoma
Avelumab PD-L1 Merkel-cell carcinoma, urothelial carcinoma
Durvalumab PD-L1 Urothelial carcinoma
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Figure 2. Possible Mechanisms Underlying Immune-Related Adverse Events.

The mechanisms that result in immune-related adverse events are still being elucidated. Some potential mechanisms
include increasing T-cell activity against antigens that are present in tumors and healthy tissue, increasing levels of
preexisting autoantibodies, an increase in the level of inflammatory cytokines, and enhanced complement-mediated
inflammation due to direct binding of an antibody against cytotoxic T-lymphocyte antigen 4 (CTLA-4) with CTLA-4
expressed on normal tissue, such as the pituitary gland.



Immune-related adverse events (irAEs)

® Common: primarily with gastrointestinal toxicities, skin

disorders, and endocrinopathies.

® Neurological irAEs are rare, representing less than 3% of
IrAES.

® Neuromuscular disorders represent the most common
neurological irAEs following anti-PD-1, anti-PD-L1, and anti-
CTLA-4 treatment, and include myositis, myasthenia gravis,
and demyelinating polyradiculoneuropathy.



Adverse events of immune check point inhibitor

Suozzi et al
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Onset within the first 2 months

Clinical

|ICls-induced neuromuscular

after ICI.

Myalgia: neck, back, or proximal

limbs, preceding weakness.

Often axial weakness with DHS.
Symmetrical proximal weakness.
Frequent ocular Involvement.
Facial weakness and involvement

of bulbar muscles (with

dysphagia and/or dysarthria)

50% of cases

Respiratory muscle failure

possible

Fluctuating and
fatigable (30%) muscle
weakness, involving
ocular, bulbar, and/or
respiratory muscles

Typically,
generalized MG at
onset with rapid
progression to
myasthenic crisis.
Myositis and
myocarditis overlap
possible

Acute sensorimotor
neuropathy with
Hyporeflexia

Often cranial nerve
involvement

Overlapping
syndromes

are possible in 16%-
25% of cases.

The overlapping is
possible in different
associations between
the three pns-irAEs

The myocarditis
overlap is the most
significant as it
comes with high
mortality rate (50%)

J Peripher Nerv Syst. 2019;24(Suppl. 2):S74-S85.



|ICls-induced neuromuscular

L

Laboratory
work-up

ENMG

Specific myositis antibodies are  Anti-AChR antibodies

usually negatives.

Myopathic motor unit

potentials in 72% to 100% of
patients with positive sharp

waves and/or fibrillation
Potentials.

positive (57%-83%).
No correlations anti-
AChR titers and irMG
severity

HyperCKemia possible
pointing to an overlap
syndrome

Decrement on
low-frequency RNS at a
frequency of 3 Hz and
increased jitter on single
fiber EMG 50%.
Frequent concurrent
myositis

Anti-ganglioside
antibodies when
tested, usually
negatives.

CSF with albumin
cytological
dissociation. Notably
mild lymphocytosis can
be associated (10-15)

Evidence of
demyelination:

sural sparing pattern,
prolonged F-wave
latencies, and decrease
Motor Conduction
velocities and
sometimes conduction
block

CK and troponin
testing

advised for each
suspicion of
pns-irAEs

Always proceed to
electrophysiological
exploration



|ICls-induced neuromuscular

N

Others Biopsy is recommended Variable response to Biopsy if necessary Respiratory and
* Dominance of CD68+ and Cholinesterase Inhibitors e Invasion of cardiac evaluation
CD8+ cells and CD4+ cells inflammatory cells (ECG and
on other cases prostigmine, or icepack e Large epineurial echocardiogram) to be
e Multifocal necrotic myofibers test can be positive Perivascular recommended
with sparse T-cell infiltrates inflammatory systematically
collections composed
No significant number of CD20+ of primarily T
cells lymphocytes

J Peripher Nerv Syst. 2019;24(Suppl. 2):S74-S85.



Immune-related myasthenia gravis (irMG)

e Exacerbation of a pre-existing MG or to a newly MG.

e |solated irMG seems to be a rare condition: irMG and
irMyositis = risk for MG crisis.

* Most patients were men, with median age around 70
years, receiving anti-PD-1 therapy.

* Onset: 2 to 6 weeks from the start of ICls treatment.

* Clinical: fluctuating muscle weakness involving ocular,
bulbar, and/or respiratory muscles.

* A rapid progression to a myasthenic crisis is observed in
up to half of the patients.

Suzuki S, Ishikawa N, Konoeda F, et al., Neurology. 2017; 89(11):1127-1134.



Immune-related myasthenia gravis (irMG)

 Abnormal RNS and SFEMG were identified only in
half of the patients tested.

* Anti-AChR ab +ve 57% to 83% of patients.

* A single case report of a patient with relapsing
ocular MG and positive anti-AChR and anti-muscle-
specific kinase (MuSK) antibodies following
nivolumab treatment.

* The great majority of patients with irMG requires
prompt hospitalization and one or multiple lines of
immune-modulatory treatments

Suzuki S, Ishikawa N, Konoeda F, et al., Neurology. 2017; 89(11):1127-1134.



PHYSIOPATHOLOGICAL MECHANISMS

 Removal of self-tolerance appears to be the trigger of
immunotherapy toxicities.

e Potential mechanisms may relate to antigens shared
between affected tissue and tumor leading to a cross
reactivity between tumor neo-antigens and normal
tissue antigens favoring the development of irAEs by
immunotherapy.



Pathogenesis of immune-related neuromuscular toxicity

g ‘ Other
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J Peripher Nerv Syst. 2019;24(Suppl. 2):S74-S85.



Diagnostic work up

Alternative causes (metabolic, endocrine, infectious, and toxic) or Tumor progression and

perineural invasion.

CK, trop T, Testing for onconeural and organ-specific autoantibodies
anti-AChR, anti-MuSK, anti-Ca++ channel and striatational antibodies
ANA, dsDNA, anti-SNA, and ANCA and anti-ganglioside antibodies
NVC/EMG/RNS

LP: cytology or infection

CNS imaging

Nerve or muscle biopsy



Treatment

Standardize the treatment of pns-irAEs based on the grading of toxicity, according to

common terminology criteria for adverse events (CTCAEs) criteria.
grade 1-2 CTCAE toxicities: temporarily withhold ICls.

grade 3-4 toxicities: permanent ICIs discontinuation.

High-dose corticosteroid therapy,

Steroid-resistant cases (fails to respond within 1 week): Ivlg, PLEX — 3 tocilizumab,

infliximab, rituximab, mycophenolate, methotrexate, and cyclophosphamide.



Prognosis and complications

 Complete recovery after stop medications (-18
months).

* Depend on underlying disease e.g. unmask MG

* Except autoimmune MG induced by immune
check point inhibitor
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Toxic-induced myasthenic syndromes

Mechanism: presynaptic, post synaptic, sodium
channel blockage and Acetyl choline esterase inh.

5. Marine Toxins (Ciguatera, Tetrodotoxin,
Saxitoxin), Pyrethrins

Al

e

7. Botulinum Toxin, B-W Spider Venom,
Elapid Venoms

8. Organophosphates, Carbamates
9. a-Bungarotoxin, d-Tubocurarine,

Maring Toxins ) o or B bungarotoxin
Botulism

Organophosphate poisoning
Tetrodotoxin and sasitoxin




Thai snake venoms

160 species of snakes belonging to 9 families.

46 species of 2 families are venomous.

24 are land snhakes.

They are divided in to 2 families : Elapidae and Viperidae.

Elapid venoms contain potent neurotoxin: postsynaptic and
presynaptic neurotoxins, on the basis of their sites of action
at the neuromuscular junction. They cause muscular
paralysis.

 Among the neurotoxic snakes (cobra, king cobra, krait)
found in Thailand, cobra is most important since it is well
known and widely distributed in all parts of the country
especially in central Thailand.



® Cobra, king cobra, krait: neurotoxin

® Sea snake: rhabdomyolysis.

Viperldae

Vasculotoxicity and hematotoxicity

® Russell's viper (Vipera russelfii siamensis),
® Green pit viper (Trimeresurus species)

® Malayan pit viper (Agkistrodon rhodostoma
or Callaselasma rhodostoma).




Thai cobra (Naja Kaouthia) venom

® Venom has a postsynaptic neurotoxin.

® It binds to the nicotinic acetylcholine receptor at the motor end plate,
and 1s a highly potent neuromuscular blocking agent. Receptor

binding is reversible.

® The venom is rapidly absorbed from the site of bite, and the blood
venom level rapidly decreases within 20-30 hours with the half life of
7 1/2 hours.

® Thus, the victim can spontaneously recover without antivenom
treatment 1f respiration 1s maintained by a respirator. Skin necrosis

occurs 1n 46% of the patients.
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AMNITLASAINITLARAY LQW’]%ﬂdluﬂ@:&I Elapidae
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Immunodiagnostic:

1. Venom antigen detection: ﬁwmmaauﬁwﬁmﬂ (kit test) HAQNYTIA
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Botulism
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Etiology: Botulinum toxins from
Clostridium botulinum (human

(SNARE cleavage) botulism :A, B, E, F)

ﬁ o * Mechanism: interference with
BDF. ch =, H* proteins involved in
“’U“M')“’"wad \  # N X neurotransmitter vesicle
i wg i S S vawe e, @ ) fusion:
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oy @\ NS s Clinical: ANS and motor nerve
binding | %

Neuromuscular junction

Lalli G, et al, Trends Microbiol.1 © 2003 Elsevier.



Bacterium Clostridium botulinum

Toxin Botulinum toxin (types A—G)

Location of Presynaptic terminals of neuromuscular junction

toxin action

Mode of « Home-canned food, inadequately refrigerated or cooked food ( foodborne)
acquisition * Injection drug use (Wound botulism),

* Honey (Infant botulism),
* latrogenic : high dose botulinum toxin A or B
e Adult intestinal colonization (unknown source)

Major clinical
features

Classic pentad:

e dry mouth,

* nausea/vomiting, or abdominal pain = foodborne.
* dysphagia, diplopia,

* fixed dilated pupils;

* followed rapidly by extremity Weakness
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Diagnosis Serum or stool culture,
Toxin identification by mouse-based assay or EL 1o+
EMG/RNS
NCS and EMG Decreased compound muscle action potential ( o ////m:o‘oifof"o'ﬂ’;':‘:’:’:\
findings Decremental response to low frequency repetit o
Incremental response (facilitation) to high-freqt
Persistence of post-tetanic facilitation,
Short-duration low-amplitude motor unit poter °
Increased jitter on single fiber EMG,
Normal velocities/latencies
Treatment Antitoxin (infant: human-derived botulism immunoglobulin [BIG-1V];
Adult: heptavalent botulinum antitoxin,
Antibiotics for wound botulism only,
Supportive care
Prevention Proper food preparation and canning techniques,

avoidance of honey for infants




Tetrodotoxin and sasitoxin
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Tetrodotoxin and sasitoxin

Pathophysiology

® Sodium channel blockade: muscle, motor and sensory nerve
Clinical manifestation:

Onset: 10-45 minutes after expose toxin

Clinical:

® Perioral and tongue numbness, hand and feet numbness

® Ascending paralysis, ptosis, dysphagia and respiratory failure.
® Hypotension and dysarrthymia

Duration of symptoms: 1-3 days

Diagnosis : clinical and exposure

Rx: NPO, respiratory care, decontamination (lavage + activated charcoal)
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Organophosphate poisoning and carbamates
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Organophosphate poisoning and carbamates

Organophosphates Carbamates

Azinophos-methyl (Gluthion) : :
Carbophenothion (Tri-thion) Aldicarb (Temik)

Chlorthion Aminocarb (Metacil)
Diazinon (Basudin)
Dicrotophos (Bidrin)
Dicapthion (Di-Captan) Propoxur (Baygon)
Ethion (Nialate) Carbaryl (Sevin)
Fenthion (Baytex)
Malathion (Cythion)
Parathion Methomyl (Lannate, Nudrm)
Phosphamidon (Dimecron) -
TEPP (Bladan, Tetron)
Tichlorfon (Dipterex, Tugon)

Bendiocarb (Ficam)

Carbofuran (Furaxdan)

Mexacarbate (Zectron)




Organophosphate poisoning and carbamates

Stage
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1 Acute (2-3 )
1 Sympathetic (a1l 6 alua)
2 Parasympathetic
3 Neuromuscular junction

4 Solvent effects

Tachycardia, HT
bronchial secretion, N/V, bradycardia, hypotension
muscle twitching, opsoclonus, chill , paralysis

cardiac arrhythmias, coma

2-PAM
atropine ka¥ 2-PAM

2 Subacute (1-2 d1lanvi)
1 Recurrent
2 CNS
3 Intermediate syndrome

4 Torsades de Pointes

Confusion, coma, seizure
Weakness without twitching, CN deficit, RF

prolonged QT interval Wag ventricular arrhythmias
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3 Chronic (lﬁ’au)
1 Delayed polyneuropathy

2 Neuropsychiatric

distal weakness 1a4LU U1 cuff pain, paresthesia
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Summary



