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Officially,	 Monarsen	 is	 an	
“orphan	drug,”	looking	for	

an	investor	to	fund	phase	II	clin-
ical	trials.	But	for	the	thousands	
of	 sufferers	 of	 myasthenia	 gra-
vis,	 Monarsen,	 which	 per-
formed	extremely	well	in	its	first	
clinical	trials,	is	a	lifeline	to	bet-
ter	functioning	and	a	better	fu-
ture.

Myasthenia	 gravis	 (MG)	 is	 a	
debilitating	 auto-immune	 dis-
ease	 affecting	 neuromuscular	
transmission,	and	causing	spe-
cific	 and	 progressive	 muscle	
weakness	and	exhaustion.	MG	
afflicts	70,000	or	more	Ameri-
cans	(the	conservative	estimate	
of	the	Myasthenia	Gravis	Foun-
dation	of	America),	and	400,000	
people	 worldwide,	 another	
conservative	 estimate.	The	dis-
ease	 is	 undercounted	 because	
MG	 is	 difficult	 to	 diagnose:	The	 symp-
toms	 wax	 and	 wane,	 and	 vary	 in	 each	
case,	often	mimicking	those	of	other	ail-
ments.

The	disease	tends	to	strike	women	in	
their	20s	and	30s,	and	men	after	50,	in	all	
ethnic	 groups.	The	eye	 and	 facial	mus-
cles	 are	 commonly	 affected	 (drooping	

eyelids	and	difficulty	swallowing),	often	
arms	 and	 legs,	 and	 in	 the	most	 serious	
cases,	the	pulmonary	muscles.

MG	is	usually	not	fatal,	just	disabling.	
Many	patients	can	achieve	remission	and	
lessened	symptoms,	but	can	also	relapse.	
Although	the	initial	cause	of	the	disease	
is	not	known,	 the	mechanism	responsi-
ble	 for	 the	 weakness	 in	 the	 voluntary	

muscles	 (the	 muscles	 that	 we	
can	control)	has	been	identified	
as	 a	 disconnect	 between	 the	
nerve	 and	 the	 muscle:	The	 re-
ceptor	for	the	chemical	acetyl-
choline,	which	is	necessary	for	
transmission	of	the	neutral	sig-
nal,	 is	 attacked	 at	 the	 neuro-
muscular	 junction	 by	 antibod-
ies	produced	by	the	body’s	own	
immune	system.

These	 antibodies	 disrupt	 the	
neurotransmission,	 and	 the	
muscle	fails	to	contract.	Current	
approved	pharmaceutical	treat-
ments	for	symptoms	include	the	
drug	Mestinon	(pyridostigmine),	
which	 inhibits	 the	 cholinester-
ase	 enzyme	 that	 normally	
breaks	down	excess	acetylcho-
line,	thus	increasing		the	amount	
and	 duration	 of	 acetylcholine	
available;	and	immune	suppres-
sant	drugs	like	Prednisone,	Cy-

closporine,	and	Azathioprine.	All	of	these	
drugs	have	 long-term	side-effects,	how-
ever.	And	some	MG	patients	become	re-
sistant	to	pyridostigmine.
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Top	and	front	view	of	a	3-D	model	of	the	muscle-type	nico-
tinic	acetylcholine	receptor.	In	myasthenia	gravis,	the	body’s	
immune	 system	 attacks	 the	 acetylcholine	 receptor	 that	
transmits	the	signal	to	the	muscle.

Poster	of	the	Myasthenia	Gravis	Foundation	of	
America.

Living	with	MG
Myasthenia	gravis	is	found	around	the	world,	and	in	all	ethnic	groups,	

but	tends	to	occur	more	among	younger	women	and	older	men.
This	article	was	occasioned	by	the	plight	of	one	young	woman,	the	

mother	of	three	children	under	six,	and	her	difficulties	coping	with	the	
symptoms	of	her	recently	diagnosed	MG.	How	does	she	explain	to	her	
youngsters	that	she	can’t	do	the	things	she	used	to—pick	them	up,	play	
with	them,	take	care	of	them?	How	does	she	keep	from	being	depressed	
about	the	fact	that	her	symptoms	may	worsen,	and	that	there	is	as	yet	no	
cure	for	MG?

Because	she	has	had	difficulty	with	allergic	reactions	to	certain	drugs,	
for	her—and	for	many	others—Monarsen	holds	out	much	hope.	As	one	
British	MG	patient	commented	on	the	promise	of	Monarsen,	“If	I	had	20	
million		dollars,	I	would	give	them	to	Prof.	Soreq	straight	away	[for	the	clin-
ical	trial].	A	good	medicine	for	myasthenia	gravis	is	definitely	overdue.”
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In	 life-threatening	 cases,	 such	 as	 an	
MG	 patient	 who	 is	 unable	 to	 breathe,	
blood	 cleaning	 (plasmapheresis)	 is	 a	
short-term	treatment,	as	is	treatment	with	
intravenous	immunoglobulins.	Most	rad-
ical	(and	controversial)	is	the	surgical	re-
moval	of	the	thymus	gland,	which	is	be-
lieved	to	be	involved	with	MG.

An	‘Antisense’	Approach
Monarsen	 (previously	 known	 as	 EN	

101),	 operates	 entirely	 differently	 from	
these	 conventional	 treatments.	 It	 is	 an	
“antisense”	drug,	which	works	by	inacti-
vating	 acetylcholinesterase,	 the	 protein	
that	 breaks	 down	 acetylcholine,	 before	
the	 protein	 is	 synthesized.	 This	 allows	
more	of	 the	acetylcholine	 to	 react	with	
the	receptors	on	the	surface	of	the	mus-
cle	cells.

It	 is	 called	 “antisense,”	 because	 it	
makes	use	of	the	opposite	sequence,	or	
“sense,”	of	the	RNA	messenger	gene	as-
sociated	with	acetylcholinesterase.	 (See	
interview.)

Monarsen	 is	based	on	 the	 innovative	
research	work	of	Prof.	Hermona	Soreq	at	
Hebrew	University,	who	pioneered	anti-
sense	technology	and	acetylcholinester-
ase	biology.	After	animal	studies	showed	
that	 Monarsen	 successfully	 alleviated	
MG	 symptoms	 in	 rats	 that	 were	 engi-
neered	 to	 have	 MG	 symptoms,	 human	
trials	were	initiated	in	2002,	to	assess	its	
safety	and	efficacy.

The	results	of	a	small	clinical	trial	car-
ried	out	in	Israel	and	the	U.K.,	showed	a	
range	of	27.8	to	53.4	percent	symptom	
improvement—far	 better	 results	 than	
those	of	 the	current	first-line	MG	 treat-
ment	 with	 Mestinon.	 Mestinon	 (pyr-
idostigmine)	targets	the	finished	protein,	
thus	 stimulating	 the	 body	 to	 produce	
more	 acetylcholinesterase,	 which	 “trig-
gers	 a	battle	between	 the	drug	and	 the	

nervous	system,”	as	the	Monar-
sen	 developer	 describes	 it.	 In	
contrast,	Monarsen	inhibits	the	
synthesis	 of	 acetylcholinester-
ase	and	“doesn’t	cause	this	vi-
cious	cycle.”

In	addition,	Monarsen	can	be	
taken	orally	only	once	a	day,	in-
stead	 of	 several	 times	 daily	 for	
pyridostigmine;	it	has	a	far	lower	
dose;	 and	 it	 has	 no	 significant	
side	 effects.	 These	 advantages	
could	make	a	difference	 in	 re-
turning	MG	sufferers	to	their	for-
mer	lifestyle	and	employment.

This	was	the	“first	demonstration	of	the	
safe	and	effective	use	of	an	orally	admin-
istered	antisense	therapy	for	a	neurologi-
cal	disease,”	according	to	the	now	defunct	
Ester	Neuroscience,	Ltd.,	the	Israeli	phar-
maceutical	firm	that	conducted	the	trial.

An	‘Orphan’	Orphaned	Again
Ester	Neurosciences	secured	“orphan	

drug”	status	for	Monarsen	from	the	Food	
and	Drug	Administration	 the	next	 year,	
2003.	This	designation	is	given	to	poten-
tially	beneficial	treatments	for	severe	ill-
nesses	that	affect	200,000	or	fewer	peo-
ple,	 and	 conveys	 to	 the	 developer	 tax	
incentives,	a	reduction	from	certain	fees	
for	 marketing	 approval,	 and	 marketing	

exclusivity	in	the	United	States	for	seven	
years	after	approval.	Ester	also	received	
“orphan”	status	for	Monarsen	in	Europe.

But	as	the	next	clinical	trial	was	being	
organized,	in	2007,	Ester	Neurosciences	
was	sold	to	the	small	U.K.	pharmaceuti-
cal	 firm	 Amarin,	 which	 had	 initially	
agreed	to	develop	Monarsen.	Sadly,	the	
company	 changed	 its	 strategy,	 and	
dropped	 Monarsen,	 leaving	 the	 orphan	
drug	without	a	sponsor.	However,	as	of	
2011,	the	development	rights	are	back	in	
the	hands	of	Hebrew	University’s	 tech-
nology	transfer	company,	Yissum,	which	
is	again	actively		looking	for	an	investor.

And	 so,	 Monarsen’s	 fate	 depends	 on	
the	whims	of	a	“market”	that	 invests	 its	
money	where	it	can	make	the	most	prof-
it,	without	 regard	 to	 the	human	conse-
quences	of	not	developing	this	improved	
palliative	treatment.

What	 about	 non-profit	 backing?	 The	
MG	Foundation	of	America	has	ruled	out	
support	 for	 clinical	 trials.	 When	 asked	
about	Monarsen,	foundation	chief	execu-
tive	Tor	Holtan,	told	me	that	the	Monars-
en	alternative	was	not	“100	percent	prov-
en	 yet”	 in	 terms	 of	 efficacy—a	 curious	
response,	given	the	less	than	optimal	state	
of	the	currently	used	treatments	for	MG.	
Mr.	Holtan	also	said	that	the	foundation	

MG	often	affects	the	eye	and	facial	muscles.	The	
drooping	eyelid	of	this	MG	patient	is	typical.

DIAGRAM	OF	NEUROMUSCULAR	JUNCTION
In	a	normal	neuromuscular	junction,	acetylcholine	transmits	a	signal	from	the	
nerve	to	the	muscle	to	contract.	In	a	myasthenia	gravis	patient,	the	immune	sys-
tem	produces	antibodies	that	attach	to	the	receptors	for	acetylcholine	on	the	
muscle	cells	and	reduce	signal	transmission;	muscles	then	fail	to	contract,	caus-
ing	weakness	and	fatigue.

The	current	treatment	of	choice,	the	drug	pyridostigmine,	inhibits	the	enzyme	
acetylcholinesterase	which	normally	breaks	down	excess	acetylcholine.	In	con-
trast,	Monarsen	works	by	interfering	with	the	synthesis	of	acetylcholinesterase,	
thus	allowing	more	acetylcholine	to	function.

Source: Pakistan Myasthenic Welfare Organization
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did	not	support	drug	development,	only	
basic	 research,	 and	 that	 the	 foundation	
had	very	little	funding	available	in	gener-
al,	because	MG	is	a	“small	disease.”

The	National	Institute	of	Neurological	
Disorders	and	Stroke	(NINDS)	at	the	Na-
tional	 Institutes	 of	 Health,	 which	 over-
sees	 research	 on	 MG,	 along	 with	 hun-
dreds	 of	 other	 neurological	 disorders,	
last	 year	 invested	$11	million	 into	MG	
research,	and	now	has	two	active	clinical	
trials.	NINDS	program	director,	Dr.	John	
Porter,	told	me:

“It	 is	 NIH	 policy	 to	 not	 offer	 public	
opinions	 on	 the	 potential	 for	 specific	
therapies	that	are	under	development,	so	
I	 cannot	 comment	 on	 any	 strengths/
weaknesses	of	the	existing	data	or	on	the	
rationale	for	Monarsen	as	a	putative	ther-
apeutic	for	myasthenia	gravis.”

“Many	putative	therapies	do	fail	in	de-
velopment,”	Dr.	Porter	said,	“so	it	is	impor-
tant	that	they	be	tested	rigorously.	NINDS	
has	 several	 mechanisms	 to	 support	 pre-
clinical	and	clinical	therapy	development	
efforts	in	rare	diseases,	such	as	myasthe-
nia	 gravis.	.	.	.	 Like	 any	 candidate	 thera-
peutic,	the	later	stage	development	costs	
of	Monarsen	may	exceed	NIH	resources	
(NINDS	alone	is	responsible	for	400-600	
neurological	disorders)	and	the	develop-
ers	 would	 also	 have	 to	 attract	 partners	
(venture	capital,	Pharma)	to	the	effort.”

At	this	time,	NIH	is	funding	two	clini-
cal	 trials	 for	 MG:	 one	 to	 determine	

whether	 thymectomy	 benefits	 MG	 pa-
tients	who	are	receiving	Prednisone,	and	
another	to	test	a	drug	that	increases	skel-
etal	muscle	activation.

The	Larger	Picture
The	short	history	of	this	orphan	drug,	

points	to	the	sad	state	of	the	U.S.	health	

system.	A	promising	drug	languishes	for	
want	of	a	sponsor’s	capital,	while	thou-
sands	 of	 MG	 victims	 (not	 to	 mention	
those	 yet	 to	 be	 diagnosed)	 continue	 to	
suffer	with	 treatments	 that	are	 less	 than	
optimal	 and	at	 the	 same	 time	 far	more	
costly	 in	 human	 and	 monetary	 terms	
than	the	few	million	dollars	it	will	take	to	
conduct	 the	 next	 phase	 of	 trials	 for	
Monarsen.	 In	 addition,	 indications	 are	
that	Monarsen	might	also	have	benefits	
for	other	diseases,	including	Alzheimer’s	
and	ALS.

In	the	larger	picture,	MG	is	still	a	dis-
ease	without	a	cure,	and	without	a	known	
cause.	The	mechanics	of	the	symptomat-
ic	muscle	weakness	are	now	increasingly	
well	 characterized;	 science	 researchers	
continue	 to	 probe	 these	 mechanics	 in	
finer	and	finer	detail,	as	medical	research	
and	imaging	techniques	advance.

In	 fact,	 MG	 is	 “the	 best	 understood	
autoimmune	disorder,	serving	as	a	mod-
el	 for	 understanding	 not	 only	 autoim-
munity,	but	also	synaptic	function,”	ac-
cording	 to	Henry	 J.	Kaminski,	M.D.,	a	
prominent	MG	expert.	Such	a	“model”	
serves	to	highlight	what’s	missing:	For	a	
disease	whose	symptoms	were	noted	in	
the	1600s	(including	the	famous	case	of	
the	American	Indian	Chief	Opechanca-
nough,	 who	 died	 in	 1644),	 shouldn’t	
we	have	come	further	in	learning	what	
initiates	MG,	and	being	able	to	prevent	
it?

A	fanciful	1624	drawing	depicting	John	
Smith	 taking	 King	 Opechancanough	
(1554?-1646)	prisoner.	Opechancanough	
was	 a	 tribal	 chief	 of	 the	 Powhatan	
Confederacy	in	what	is	now	Virginia.	A	
description	 of	 his	 ailment	 included	
the	 drooping	 eyelid	 characteristic	 of	
MG.

From	 Captain	 John	 Smith’s	 General	
History,	1624.

INTERVIEW:	DR.	HERMONA	SOREQ

The	Development	of	
Monarsen	for	MG

Hermona	Soreq,	Ph.D.,	 is	a	Professor	
of	 Molecular	 Neurobiology	 at	 Hebrew	
University’s	Edmond	and	Lily	Safra	Cen-
ter	for	Brain	Sciences.	She	has	published	
more	 than	 250	 peer-reviewed	 articles	
and	seven	books,	especially	in	the	field	of	
brain-to-body	communication.	The	past	
president	 of	 the	 Israeli	 Society	 of	 Bio-
chemistry	and	Molecular	Biology	(2000-
2002)	and	the	first	elected	woman	dean	
of	the	Hebrew	University’s	Faculty	of	Sci-
ence	 (2005-2008),	 Soreq	 collaborates	
with	top	scientists	worldwide,	is	a	mem-

ber	of	the	European	Com-
munity’s	 advisory	 com-
mittee	 on	 health-related	
issues,	 and	 a	 consultant	
to	the	Israeli	Ministers	of	
Health,	Commerce,	and	Science.

She	has	also	received	many	honorary	
Ph.D.	 degrees	 and	 prizes	 for	 her	 work.	
With	 12	 patents,	 two	 recombinant	 pro-
teins,	and	one	DNA-based	drug	at	differ-
ent	stages	of	clinical	trials,	Soreq	is	also	an	
Adjunct	Research	Professor	at	the	Arizona	
State	University	BioDesign	Institute.

She	was	interviewed	in	February	2011	
by	Marjorie	Mazel	Hecht.

Question:	 How	 did	 the	 idea	 for	
Monarsen	come	about?

Soreq:	Most	of	my	research	efforts	dur-
ing	my	academic	career	were	aimed	at	
the	cholinergic	system,	and	I	was	pain-

Chryssa Panoussiadou
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