-Research News

Myasthenia Gravis Under Monoclonal Scrutiny

The recent application of the monoclonal antibody technique to myasthenia gravis
is leading to a greater understanding of some fundamental aspects of the disease

A period of highly productive research
during the 1970's has brought myas-
thenia gravis research to the position
where, as Jon Lindstrom of the Salk In-
stitute says, ""The next breakthrough
will be when someone declares 'I can
cure it’ or 'I’ve discovered the cause’.”
That point has yet to be reached, but the
deployment by a rapidly growing number
of research groups of the monoclonal
antibody technique does at minimum
seem likely to generate a greater under-
standing of the disease. "“And,” says
Vanda Lennon of the Mayo Clinic,
Rochester, “'there has to be a reasonable
chance that some kind of specific thera-
py might emerge from the work with
monoclonal antibodies.”

The subject of monoclonal antibodies
created an interesting focus at a recent
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meeting sponsored jointly by the New
York Academy of Sciences and the
Myasthenia Gravis Foundation.
Myasthenia gravis is characterized by
weakened and easily tired muscles.
About 10 percent of patients die from the
disease, but among those who survive
the first 3 years there is a good chance
that the condition will stabilize and there
will be some degree of recovery. Para-
doxically, myasthenia gravis is at once
one of the most and yet least understood
of diseases: the molecular machinery de-
fective in the condition is being de-
scribed in ever finer detail, while the
cause of the disease remains a mystery.
Initiation of normal muscle con-

traction involves the transmission of an
electrical signal along a nerve fiber, ar-
riving at the muscle at a structure known
as a motor end plate. Arrival of the signal
at the nerve terminal triggers the release
of a neurotransmitter, acetylcholine,
which crosses the 600-angstrom synaptic
gap in the end plate and interacts with an
array of specific receptors located at the
crests of the regularly folded post-
synaptic membrane. This interaction
opens channels in the receptors, allow-
ing a sudden and massive flow of sodium
and potassium ions through the mem-
brane. This creates a full-blown end-plate
potential that kicks the muscle into ac-
tion. While the muscle is at rest a steady
trickle of acetylcholine into the synaptic
gap generates miniature end-plate poten-
tials, but these are inadequate to initiate

Acetylcholine re-
ceptors

The receptors on the
left have acetylcholine
molecules bound to
them; the ion chan-
nel is therefore open.
[Courtesy of Jon Lind-
strom, Advances in
Immunology, vol. 27,
page 1}

an action potential in the muscle fibers.

An important feature of normal muscle
action is the very large built-in ““safety
factor’: about 10 times as many acetyl-
choline receptors are activated as are re-
quired to set up a full end-plate potential.
This means that the end plate can sustain
considerable damage before initiation of
muscle contraction is affected. The dam-
age incurred in myasthenia gravis must,
therefore, be substantial.

What, then, is the source of the prob-
lem in the disease? '*The synapse has
been known to be the focus of the dis-
ease ever since the 1940’s.”’ explains
Lindstrom. **Daniel Elmgqvist and his
colleagues made the important discovery
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in the mid-1960’s that myasthenics have
reduced miniature end-plate potentials,
but they erroneously concluded that the
defect lay with the release of acetylcho-
line from the nerve terminal.”” This led
everyone astray for quite a long time. A
sequence of important discoveries during
the 1970°s subsequently pinpointed the
pathology to an immune-mediated dis-
ruption of the array of acetylcholine re-
ceptors in the postsynaptic membrane.
An individual’s immune system sets up
what Lindstrom has called "*an immuno-
logical civil war’ against a range of
chemical markers, or antigens, displayed
on the surface of the acetylcholine re-
ceptor molecule.

Once antibodies to the receptor had
been implicated in the disease, it was
quickly assumed that an important target
was the acetylcholine binding site on the
receptor. “*But this is not the case,”” ex-
plains Lennon. ~“Most of the antibodies
bind at positions on the receptor other
than the acetylcholine reaction site. The
antibodies interfere with neuromuscular
transmission by destroying the recep-
tors.”” It turns out that some receptor
antibodies interact with a component of
the immune system known as com-
plement; this results in the breakup or
lysis of the postsynaptic membrane. Oth-
er antibodies cross-link between two re-
ceptors, causing them to be swallowed
up into the membrane; this process is
known as antigenic modulation. No one
knows which of the two mechanisms is
the more important in the disease, but in
any case the end result is a severely dis-
rupted membrane containing about one-
third of the usual number of receptor
molecules. Many of the remaining mole-
cules have antibodies bound to them,
significantly impairing their response to
acetylcholine.

“*One of the great puzzles of myasthe-
nia gravis is the lack of correlation be-
tween the level of antibody in the sera
and the clinical severity of the disease,”’
said Daniel Drachman of Johns Hopkins
University. "*We must understand this
phenomenon if we are to make signifi-
cant progress.’” Although fluctuation of
antibody levels within an individual is a
good guide to his or her clinical condi-
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tion, the absolute amount of antibody
in someone’s blood is not a good pre-
dictor of the severity of the disease.

*'The inference is that a spectrum of
antibodies is produced in myasthenia
gravis,”” suggests Lennon, ‘‘some of
which are more important than others.”
In other words, one person may have a
low titer of antibodies in the blood, but
they happen to be of a particularly potent
type, and so weakness is pronounced.
Another individual may be generating
high levels of relatively ineffective anti-
bodies, and so will have a high titer but
minimal clinical defects. It is important
to know which antibodies are efficacious
and which are not.

Myasthenia gravis researchers have so
far benefitted from two gifts from nature:
the electric organ from certain fish,
which contains extremely high concen-
trations of acetylcholine receptor suit-
able for purification; and toxin from cer-
tain snakes, which binds specifically and
tenaciously with the acetylcholine inter-
action site on the receptor molecule, fa-
cilitating detection and quantitation. Re-
searchers now seem set to exploit a third
gift: monoclonal antibodies.

The immune response against the ace-
tylcholine receptor in myasthenics in-
volves a range of antibodies, each specif-
ic to a different molecular conformation,
or determinant, on the receptor. Each
antibody, however, is the exclusive
product of a single line, or clone, of lym-
phocytes. Separating antibodies into
their discrete types from myasthenic
serum is a horrendous task, and the
monoclonal antibody technique circum-
vents this.

An animal immunized with acetyl-
choline receptor from, say, the electric
organ of the torpedo fish responds by
producing what has been termed experi-
mental autoimmune myasthenia gravis, a
condition that mimics many of the prop-
erties of the human disease. Cells from
the immune system of such an animal
can be mixed with myeloma cells (a cer-
tain type of tumor), and under favorable
conditions pairs fuse to form antibody-
producing hybridomas.

Unlike normal lymphocytes, hybrid-
omas are virtually immortal and can
readily be cultured in the laboratory.
What the researcher has to do is, follow-
ing the fusion stage, select out and sepa-
rate a series of hybridoma clones giving,
in Jon Lindstrom’s words, *‘a library of
monoclonal antibodies.’”’ This provides,
he says, ‘‘a series of probes which have
as tight a specificity and affinity for other
parts of the receptor molecule as snake
venom toxin has for the acetylcholine
binding site.”’
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Christopher Gomez, David Richman,
and their colleagues at the University of
Chicago reported at the New York meet-
ing on their library of 15 characterized
antibodies produced by rats immunized
with torpedo receptor. Given that human
myasthenia gravis is a polyclonal au-
toimmune response, with antibodies of
presumed different potencies, one in-
triguing question is whether any single
antibody could induce the disease. The
Chicago group tried this by injecting rats
with antibodies from single clones of hy-
bridomas, and it worked: two out of six
monoclonal antibodies initially tested
produced passive experimental autoim-
mune myasthenia gravis. This was in line
with results that Lennon and Lindstrom
published early in 1980,

The corollary of this experiment is to
see if the disease can be prevented by
blocking a single antibody presumed to
be important in the pathogenesis. The
technique here is to pick out such an
antibody; raise antibodies to this first
antibody by carefully immunizing an ex-
perimental animal; and then challenge
the animal with a dose of acetylcholine
receptor. The antibody directed against
the chosen receptor antibody (this is
known as idiotype antibody) should
block its production and thus perhaps re-
move the principal weapon in the au-
toimmune armory.

“*Most researchers working with
monoclonal antibodies have had it in
mind to attempt this experiment,” says
Lindstrom, ‘‘and Vanda Lennon got
there first.”” The result? *‘It didn’t
work,”’ she reports, ‘‘and I’m not partic-
ularly surprised because we all knew that
myasthenia gravis is a polyclonal re-
sponse. But, although the animals pro-
ducing the idiotype antibodies developed
muscular weakness just like the other an-
imals, we did notice a significant reduc-
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tion of receptor antibody in their sera.”
Had a single idiotype antibody been able
to block experimental autoimmune
myasthenia gravis, specific immune ther-
apy would immediately have been in the
cards for human myasthenia. As it is, re-
searchers will probably begin looking for
a handful of idiotype antibodies that can
lower receptor antibodies by 50 percent
or more, this being the level of reduction
typically observed in beneficial drug
therapies.

“*There’s a faint element of hysteria
surrounding monoclonal antibodies at
the moment,”’ comments Andrew Engel,
also of the Mayo Clinic, *and the work
won’t become really important in terms
of therapy until people start character-
izing the human response with human
monoclonal antibodies. That’s the way
to go.”” And this is precisely where Len-
non is going. **We’ve shown the feasibil-
ity of the techniques with rats,”” she
says, ‘‘and now that suitable human
myeloma cells are available for fusion
we’ll begin with human monoclonal anti-
bodies.”’

Meanwhile there is vast potential for
the application of monoclonal antibodies
in the more arcane but equally important
business of dissecting the molecular
structure of the acetylcholine receptor.
**The acetylcholine receptor is already
the most thoroughly characterized neu-
rotransmitter receptor we have,”” com-
ments Lindstrom. It seems set to be-
come even more closely defined.

Most structural work has been done
with the torpedo receptor, but it is be-
coming clear that all acetylcholine recep-
tors follow a closely similar pattern. The
receptor has a molecular weight of slight-
ly more than 250,000 and is made up
from four subunits, «, B, v, and 8 in the
ratio 2:1:1:1; the molecular weights of
the four are, respectively, 40,000,
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50,000, 60,000, and 65,000. Using data
available from other laboratories before
the monoclonal antibody work got un-
der way, Lindstrom constructed a hypo-
thetical model of the receptor. It is a cy-
lindrical molecule that protrudes through
the postsynaptic membrane, having an
ion channel running through the center,
with two acetylcholine binding sites
probably located on the a-subunit (see
diagram).

Michael Raftery and his colleagues at
the California Institute of Technology
have analyzed part of the amino acid se-
quence of each of the four subunits and
report a high degree of homology be-
tween them. ‘*At 11 of the first 54 amino
acid positions all four subunits have the
same residue,”” says Raftery. ‘‘These
data suggest that the genes encoding the
four subunits descended from a single
ancestral coding sequence. . .. We as-
sume that the subunits evolved to per-
form discrete functions in the receptor
complex.”’

“*Apart from the obvious functions
such as the site for binding with acetyl-
choline and the structures that make up
the ion channel, there are other features
on the receptor we need to know about,”’
says Lindstrom. **There’s the functional
link between the binding site and the
channel, for instance; and the molecule
probably interacts specifically in some
way with the basement membrane out-
side the postsynaptic membrane and
with structural proteins inside it. We ex-
pect to be able to probe these functions
using our library of monoclonal anti-
bodies.”

So far Lindstrom and his colleagues
have isolated 70 monoclonal antibodies
from rats, 17 of which came from immu-
nization with torpedo receptor, 40 with
electric eel, and 13 with fetal calf muscle.
By testing with whole receptor, separate
subunits, and individual subunits frag-
mented by proteolysis, the Salk group
has begun the process of mapping the re-
gions on the receptor to which the anti-
bodies bind.

“*‘Many of the antibodies are species-
specific: they bind only to receptors
against which they were produced,’ re-
ports Lindstrom. “'But about half of
them cross-react with receptors of other
species. It is interesting that many of
these cross-reacting antibodies bind with
the a-subunit. There’s an area on the o-
subunit that provokes a powerful im-
mune response: many antibodies react
with determinants here. We call it the
Main Immunogenic Region, and it is not
the acetylcholine binding site.”” Similar
regions are found in torpedo, eel, and

(Continued on page 42)

Biology and Culture
Meet in Milk

William Durham, an anthropologist
from Stanford University, is con-
cerned about a gap he sees between
biological and cultural anthropology.
“A major goal of anthropology has
been to explain and interpret the di-
versity of human attributes around the
world, past and present,” says Dur-
ham. And yet, he complains, “there
have been relatively few attempts to
interrelate or integrate the dichoto-
mous schools of thought.” Speaking
at one of the few sessions on socio-
biology at this year's meeting, Dur-
ham offered to bridge that gap with a
case study on the biological and cul-
tural aspects of dairying.

“The interaction of biology and cul-
ture proceeds through the influence
that culture can have on the fitness of
individuals and genotypes, and
through the influence biology can
have on the fitness of cultural prac-
tices,” he stated. Calling on the data
of cultural geographer Frederick J.
Simoons, Durham claimed that the
distribution of certain dairying prac-
tices and the physiological ability to
metabolize lactose “proves in this in-
stance that cultural changes directly
affected human survival and repro-
duction.”

Some populations rely heavily on
milk products as part of their diet; oth-
ers do not. This is the cultural diversity
on the equation. In addition, some of
the “dairying populations” consume
their dairy products as milk, others as
cheese, yoghurt, and similar deriva-
tives, thus extending the cultural di-
versity. Durham adduced archeologi-
cal data for an indication of the impor-
tance of dairying in different cultures’
history.

The biological variable in the equa-
tion is the possession, or not, of lac-
tase, the enzyme required for the ab-
sorption of lactose from the intestine.
Although all infants have lactase in
their gut juices, for obvious reasons,
levels of the enzyme plummet to near
zero in many populations of adults.
This state of zero lactase in adults
was the norm in humans until animal
domestication became important after

The American Anthropological Association heid
its 79th annual meeting in Washington, D.C., 3 to
7 December.

the Agricultural Revolution some
15,000 years ago, Durham hypothe-
sized. The recently evolved high lev-
els of lactase in some adult popu-
lations provides the biological diver-
sity.

Durham analyzed biological and
cultural data on 32 populations living
between 60°W and 6C°E (that is,
roughly between Greenland and
Saudi Arabia) and- classified people
into dairying and nondairying popu-
lations. Imposed on this cultural split
was the finding, not surprisingly, that
the lactase levels in nondairying
people were low. The dairying people,
however, were divided into low-lac-
tase and high-lactase groups. This bi-
ological difference was explained by
the discovery that these low lactase
absorbers, who had a long history of
dairying, consumed their milk produce
mainly as cheese and other deriva-
tives (the most extreme example is
Jordan, where 86 percent of its milk is
converted into cheese).

The question to be answered, says
Durham, is “why in the milk-consum-
ing populations there was a biological
rather than a cultural solution to the
problem of lactose absorption.” The
answer, he suggests, has to do with
the diminishing amount of natural syn-
thesis of vitamin D in the skin with in-
creasing distance from the equator.
“Clinical studies have shown that lac-
tose behaves biochemically like vita-
min D, facilitating the absorption of
calcium from the small intestine, but
only for absorbers,” explains Durham.
“The frequency of lactose absorption
in dairying populations would there-
fore be expected to increase directly
with increasing distance from the
equator. . .. This prediction is pre-
cisely what one finds.”

This pattern of lactose absorption
among dairying people is mirrored di-
rectly by the cultural pattern of milk
consumption and inversely by cheese
consumption. “Dairying is thus a good
case of what | have called coevolu-
tion—the idea that through both bio-
logical and cultural evolution attri-
butes tend to facilitate human survival
and reproduction,” claims Durham,
making the assumption that the ability
to assimilate dairy products signifi-
cantly widened people’s base of food
resources. Coevolution—or coinci-
dence? Some biologists are certain to
offer the latter as an equally valid in-
terpretation.
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(Continued from page 40)

calf muscle receptors, and there’s pre-
liminary evidence of an equivalent re-
gion on human receptor too. ‘‘These
similarities imply that this region is high-
ly conserved between species,” ob-
serves Lindstrom. "It might be function-
ally very important and it might also be a
prime target in the autoimmune response
of myasthenia gravis.”’

In addition to using monoclonal anti-

bodies to probe the structure of the ace-
tylcholine receptor, the Salk group is
planning to determine their pathogenic-
ity, as are other groups. ""For instance,”’
Lindstrom suggests, ''if we can isolate
antibodies than can fix complement and
those that can’t, and ones that can cause
antigenic modulation and those that
can’t, then we might be able to deter-
mine which of these two processes are
most important in destruction of recep-

Consensus on Bypass Surgery

Since its inception, coronary artery
bypass surgery has been controversial.
A few years ago, a number of physicians
at major surgical centers claimed that it
saved lives, although good data from
clinical trials were not available (Sci-
ence, 17 December 1976). Now the em-
phasis has shifted to its role in improving
the quality of life. Although quality of
life can be hard to measure, patients say
they feel better after the operation and
the surgery is popular—110,000 opera-
tions were performed in the United
States last year at an average cost of
$15,000 per patient.

On 3 to 5 December 1980, a consensus
conference, sponsored by the National
Heart, Lung, and Blood Institute and the
National Center for Health Care Tech-
nology, considered the scientific and
clinical aspects of bypass surgery. The
consensus panel, whose chairman was
Robert Frye of the Mayo Clinic, said at
the outset that it would not make recom-
mendations. Instead, it would determine
what is now known about the procedure,
which meant considering data on the di-
agnosis of coronary artery disease, the
survival rates of surgical patients, and
the quality of life following surgery.

The consernsus, reached after 2 days of
animated discussions among the meeting
participants, was conservative. Al-
though the panel declared bypass sur-
gery a ‘*major advance,’” it did not claim
miracles for the treatment and took an
extremely cautious view of the epidemi-
ological data presented. It concluded
that the operation can improve blood
flow to the heart, can improve the quality
of life, and can, in some patients, pro-
long life. But it stopped short of con-

tors in the disease.”” A systematic ap-
proach of this sort might eventually build
up a picture of pathologically vulnerable
regions of the receptor molecule, and
might even expose an immunological
Achilles’ heel.

So far less than half a dozen papers on
monoclonal antibodies relating to myas-
thenia gravis have appeared in the sci-
entific literature, but a flood of them is
on its way.—ROGER LEWIN

In most cases, the operation has not been shown to
save lives, but patients do say they feel better after surgery

cluding that the great number of bypass
operations performed each year is fully
justified.

By grafting sections of vein or internal
mammary artery to blocked coronary ar-
teries, a surgeon can bypass occlusions
that slow blood flow to the heart. The op-
eration can be somewhat risky, how-
ever. In the best of circumstances and
among patients with the best prognoses,
the consensus panel concluded, 1 to 4
percent of patients die as a result of the
procedure and there is a small chance—
about 1 percent—that a patient who sur-
vives will have neurological damage. In
the worst cases—patients with con-
gestive heart failure whose hearts cannot
pump blood efficiently —the lowest oper-
ative mortality rates attainable are be-
tween 10 and 15 percent, the panel said.
But the operation today is far safer than
it was even a few years ago. According
to James Ware, a meeting participant
and biostatistician at the Harvard School
of Public Health, the mortality rates
in the best cases 5 years ago ranged
from 6 to 10 percent. "‘I think there’s
a lot to be impressed about here,” he
says:

Most patients who undergo bypass
surgery have angina pectoris, which is a
tightening or heaviness in the chest that
occurs during exertion or, in some peo-
ple, even at rest, because portions of the
heart do not receive enough blood. It can
be a debilitating and frightening symp-
tom of heart disease.

The consensus panel concluded that in
one, or possibly two, subgroups of pa-
tients, the surgery does seem to prolong
life. The best evidence is in patients with
blocked left main coronary arteries.

42 0036-8075/81/0102-0042$00.50/0 Copyright © 1980 AAAS

(Three arterial vessels directly feed the
heart; two are forks of the left main coro-
nary artery.) A randomized, controlled
trial conducted by the Veterans Admin-
istration in which nearly 700 men were
studied for 6 years showed that the ex-
pected mortality rate of 10 percent per
year in this subgroup of patients was cut
in half by the surgery. These results were
confirmed by the European Collabora-
tive Study, a randomized, controlled tri-
al in which nearly 900 patients were fol-
lowed for 6 years.

The VA and European trials also pro-
vided evidence that patients with three-
vessel disease, in which the three arterial
vessels that reach the heart are obstruct-
ed but the left main artery is not, may
also live longer as a result of bypass sur-
gery. However, the data here are less
conclusive and the consensus panel ex-
pressed some hesitation about accepting
the results on three-vessel disease with-
out further confirmation.

Only a minority of patients with angina
have three-vessel disease or blocked left
main coronary arteries, however. For
example, Michael Mock of the Heart,
Lung, and Blood Institute says that 9
percent of the 18,143 men in a registry
for the Institute’s Coronary Artery Sur-
gery Study had left main disease and 34
percent had three-vesse! disease. But a
major rationale for doing bypass surgery
is to relieve angina—not necesssarily to
prolong life. There was some feeling at
the consensus meeting that a significant
number of patients are deciding too
quickly that surgery is the only accept-
able way to improve the quality of their
lives. T. Joseph Reeves, director of the
Cardiovascular Laboratory at St. Eliza-
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