Battling Illness
With Body Proteins

Recombinant DNA technology has enabled medical researchers
to manufacture several human proteins that can bolster the
body’s natural defenses against disease

hirteen years have passed since

I medical researchers Stanley Co-

hen and Herbert Boyer first pas-

ted frog genes into the plasmids of Es-

cherichia coli bacteria. As hoped, the

bacteria were able to manufacture the

frog RNA encoded in the genes. It was the

first step in learning how to give bacteria

the genetic ability to produce animal pro-
teins.

Very quickly, the medical community
realized that Cohen of Stanford Univer-
sity and Boyer of the University of Califor-
niaat San Francisco had come up with the
key to a new biological technology —
recombinant DNA — which could induce
bacteria to “clone” large amounts of spe-
cific proteins. And almost as quickly,
there began widespread, unbridled spec-
ulation about the medically useful human
proteins that could be cloned. It seemed
scientists could make vaccines against
diseases ranging from cholera to malaria,
brain opiates that could replace artificial
painkillers and enough cancer-fighting
cells to eradicate many forms of the dis-
ease.

It's no wonder that, to date, recombi-
nant DNA technology has not lived up to
such lofty expectations. Nevertheless,
medical researchers have been able to
develop a respectable range of pharma-
ceuticals using Cohen and Boyer’s bacte-
rial technique.

By 1982, the U. S. Food and Drug Ad-
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ure; alpha interferon, to break down tu-
mors in people with hairy cell leukemia;
and a vaccine against hepatitis B.

Medical researchers now are at work
testing other potentially therapeutic
human proteins that can be manufac-
tured from recombinant DNA. Clinical tri-
als are under way on new forms of cancer-
fighting enzymes, on proteins capable of
breaking up blood clots and on hormones
that lower blood pressure and reduce
water retention. None of these is a cure for
any illness, but all promise to be strong
defensive weapons that could slow or halt
the progress of disease.

Recently, a group of these researchers
gathered at Stanford University’s medical
school to report on their latest work, pro-
viding a convenient snapshot of the pres-
ent state of recombinant pharmaceuti-
cals.

Ferid Murad, Stanford University:
Investigating ANF, a hormone that
helps regulate blood pressure and
water retention.

They described, for example, two of
the new recombinant proteins designed
to help heart patients: atrial natriuretic
factor (ANF), a hormone capable of re-
ducing blood pressure and water reten-
tion in people suffering from congestive
heart failure and hypertension; and
tissue plasminogen activator (tPA), a
clot-dissolving enzyme that can reduce
tissue damage after sudden heart attacks.

NE normally made by the heart,
Awas cloned in 1983 and is still in

the “very preliminary” stages of
investigation, Ferid Murad told some 100
scientists at the symposium. Murad, act-
ing chairman of Stanford’s Department of
Medicine, says that so far the hormone
has been tested on only a few dozen pa-
tients, but it already has demonstrated its
ability to lower blood pressure and re-
duce water retention. Murad himself has
given ANF to 10 patients with congestive
heart failure, and most of them benefited,
he says.

“We have found it does improve the ex-
cretion of salt and water in most cases,”
Murad told Science NEws. “The question
is, canitbe useful in therapy over the long
term?”

Murad recently has found that one of
the ways ANF operates is by relaxing the
muscles in blood vessels, thereby help-
ing to reduce blood pressure. ANF also
appears to enhance the movement of

ministration (FDA) had approved for £ water and sodium through the body, in-
general use the first gene-cloned medical § creasing urine volume and the excretion
product: human insulin, which diabetics % of salt, he reports.

must take in drug form and which pre- § Murad has observed that ANF also af-
viously came only from cow and pig pan- § fects the kidneys, lungs, liver, brain, intes-
creases. And within the last two years, 2 tines and testes. Laboratory experiments
the FDA has approved recombinant 3 have shown, for example, that it can raise
human growth hormone, to treat growth- £ or lower levels of the hormone testoster-

hormone-deficient children of short stat-
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M.D. Anderson Hospital and Tumor Institute

administered. And it appears ANF may af-
fect the intestines in such a way as to in-
duce diarrhea. Some of these noncar-
diovascular effects may turn out to be
potential new uses for recombinant ANE
Murad says; others may turn out to be se-
rious side effects. “Where this peptide is
going is a little bit unpredictable,” he

says.
I protein produced in the linings of
the heartand blood vessels, is far-
ther along than ANF in clinical trials (SN:
3/10/84, p.151, 4/13/85, p.229). Since it first
was cloned in 1983, tPA has shown great
promise in tests on some 2,500 heart at-
tack patients worldwide, and it is ex-
pected to get FDA approval in 1987.

In most of the trials, tPA has broken up
clots significantly faster and more fre-
quently than the traditional clot-busting
medicines: streptokinase, a bacterial en-
zyme; and urokinase, an enzyme found in
the urine, Burton E. Sobel reported at the
symposium. Sobel has directed tPA trials
at the Washington University School of
Medicine in St. Louis, where he is director
of the cardiovascular division.

So far, Sobel says, tPA also appears
safer than its predecessors because it
specifically targets blood clots and does
not break down clotting substances else-
where in the bloodstream. This has re-
duced to a minimum the threat of excess
bleeding. And tPA apparently does not
trigger the formation of antibodies, as do
streptokinase and urokinase.

At this point, Sobel says, the challenge
is to find ways to get tPA to the patients
quickly enough to do some good. Unless
clots can be dissolved within one to three
hours after a heart attack, he explains,
heart tissue can suffer irreparable dam-
age.

Sobel is looking into the possibility of

issue plasminogen activator, a

Jordan Gutterman, M.D. Anderson
Hospital and Tumor Institute: Studying
cancerfighting properties of TNF and
interferon.
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Above, blood clot before treatment with
tPA. Below, same clot dissolving 30
minutes after tPA reaches it.

allowing some people to inject them-
selves with tPA as soon as they realize
they've had a heart attack, in order to
save the time it takes to get to the hospi-
tal. To make this possible, he and his col-
leagues first had to find a way to speed up
muscle absorption of tPA, which usually
takes 60 to 90 minutes. (In the hospital,
the drug is given intravenously, but this
would be difficult for patients to do them-
selves.) So they developed an “absorp-
tion enhancer” which puts intra-
muscularly injected tPA to work within
two to five minutes.

Even if self-injection can be made to
work quickly, however, it would have to be
carefully supervised, Sobel says. “Ob-
viously, you're not going to arm people
with fibrolytic activators [clot dissolvers]
that they could use with abandon,” he
says. “It’s going to require ... very strict
control.”

Some physicians have made tPA act
faster by increasing dose levels. But Sobel
warns that if the doses become too large,
the protein is likely to persist in the pa-
tient’s bloodstream and raise the pos-
sibility of excess bleeding. Although tPA
has caused only minimal bleeding so far,
it is not “absolutely clot-specific,” Sobel
says, and with very large doses, bleeding
is likely to occur.

esearchers say it is unlikely that
Rany of the recombinant pharma-
ceuticals will be totally free of
side effects. In each case, the challenge is
to identify the problems and find out
whether they outweigh the drug’s poten-
tial benefits. The story of tumor necrosis
factor (TNF), one of the recombinant
anticancer drugs, illustrates how re-
searchers must contend with potentially
devastating side effects.
As Jordan U. Gutterman of the M. D. An-
derson Hospital and Tumor Institute in
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Burton E. Sobel, Washington University:
Finding ways to use tPA quickly against
heart-damaging clots.

Houston reported at the Stanford sym-
posium, long-term treatment with low
doses of TNF appears to kill cancer cells,
both in cell cultures and in animals, with-
out toxic effects on healthy tissue.

However, it appears that TNF also may
be capable of causing severe weight loss,
fever, anemia, shock and even death. Sci-
entists first discovered this possibility in
August 1985, when tests revealed that
TNF is identical to another body protein
called cachectin, which fights bacterial
infections and chronic diseases. When
cachectin is unable to eradicate the dis-
ease — as in the case of a patient fightinga
losing battle against cancer or a massive
parasitic infection — it can accumulate
until it has a toxic effect on the body. This
often fatal condition, called cachexia, is
marked by rapid wasting of body tissues.

“The two proteins [TNF and cachectin]
are, in fact, identical,” Anthony Cerami,
head of the medical biochemistry labora-
tory at Rockefeller University in New York
City, told scientists at the symposium.

Cachectin kills cells by turning off the
messenger RNA responsible for produc-
ing proteins that break down fats and, at
the same time, by creating a great de-
mand for energy, Cerami explains. This
leads to a “futile cycle,” in which cells at-
tempt to bring in great quantities of the
body’s stored glucose to supply the
needed energy; when there is not enough
glucose to meet the demand, the cachexic
patient’s tissues begin to break down.

If the protein is to be used as a cancer
treatment, researchers first must find a
proper dose — small enough to avoid
cachexia-like effects, yet large enough to
kill tumor cells. Unfortunately, Cerami
says, itis difficult to tell exactly how much
of the protein is detrimental because it is
difficult to find in the body. “We have
found it extremely difficult to measure in
disease states, even when we suspect it’s
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playing a major role,” he says.

To date, clinical trials using very low
but effective doses of recombinant TNF
have not caused weight loss, anemia or
shock, according to Gutterman. The only
side effects that have turned up so far in
these patients are fever, fatigue, some de-
crease in blood pressure and, when the
protein is administered by intramuscular
rather than intravenous injection, some
skin inflammation, Gutterman reports.

nother immune system agent that
A may have similar but less severe

effects is interleukin-1 (IL-1), a
protein cloned in 1984. IL-1 is related
functionally to interleukin-2 (IL-2), which
has been used to fight cancer (SN:
12/13/86, p.373). IL-1 stimulates the pro-
duction of IL-2 and helps IL-2 bind to cell
membranes. In the case of IL-1, however,
the bulk of research has been aimed not
atusing it against cancer but rather at un-
derstanding its natural role in the im-
mune system.

Atthe symposium, Charles Dinarello of
the Tufts University School of Medicine in
Boston described laboratory tests on
rabbits that have shown how IL-1 fosters
the body’s response to trauma or infec-
tion by inducing fever, causing inflamma-
tion and increasing the need for deep
sleep. In cases of extreme infection, IL-1
can go farther, causing prolonged fever
and inflammation and muscle deteriora-
tion. IL-1 may be at work in arthritis, Din-
arello says, because abnormally high
quantities of the protein have been found
in the joint spaces of arthritis patients.

“It’s clear that IL-1 and cachectin share
biological activities, and yet they're to-
tally distinct molecules,” Dinarello says.
“The question is, why wasn’t there any
evolutionary pressure to get rid of these
molecules? Why do [our bodies] continue

to produce them?”
I Gutterman has continued his long-
term studies of alpha interferon, the
oldest of the anticancer recombinant pro-
teins. Cloned in late 1979 and approved
last summer for use against hairy cell leu-
kemia, alpha interferon appears to cause
at least partial remission 75 to 90 percent
ofthe time, not only in patients with hairy
cell leukemia (HCL), a rare disease that
affects mainly men, but also in patients
with chronic myelogenous leukemia
(CML), a genetically caused cancer that
usually lingers for more than three years
before killing the patient (SN: 4/26/86,
p.262), Gutterman reports. Some patients
have had side effects, however, including
fatigue, depression, weight loss, cough,
postnasal drip and body aches, he says.
Gutterman has stopped treating some
HCL patients whose cancers have gone
into total remission. He says it is too soon
to know whether they will be able to sus-
tain remission, but he expects the can-
cers to recur eventually. “It's my best

n addition to his recent work on TNE,
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Anthony Cerami, Rockefeller University:
Found that TNF, the anticancer protein,
and cachectin, a sometimes
destructive protein, are identical.

guess that we're not curing the disease,”
he says. “The patient will not die [of HCL],
butit’s not clear whether we're going to be
able to eradicate the disease with the al-
pha interferon alone.”

Alpha interferon has been less effec-
tive against other forms of cancer. It has
produced remission rates of only 20 to 30
percent in patients with renal cell car-
cinoma, the most prevalent form of
kidney cancer, and in those with multiple
myeloma, a form of bone marrow cancer,
Gutterman says. Against lung, colon and
breast cancer, alpha interferon has been
mostly ineffective, bringing about remis-
sion in less than 10 percent of patients, he
says.

Ron G. Rosenfeld, Stanford University:
Studying uses for human growth
hormone.

More recently, he has begun testing
gamma interferon — a simpler and less
understood protein — on renal cell car-
cinoma and on CML. He reports that so
far, six of his 26 CML patients have gone
into complete remission.

Gutterman suggests that alpha and
gamma interferon might best be used to-
gether, as long as care is taken to make
sure they do not build up overlapping
side effects. Perhaps, he says, the two pro-
teins could be given sequentially. He also
suggests that both forms of interferon
might work well in combination with TNE

“I'm very optimistic that over the next
several years, using these new proteins,
we're going to take very significant
strides in medicine,” Gutterman says.
O medical products to be approved

for general use — human growth
hormone — has long been known to be
successful in treating children with inad-
equate supplies of their own growth hor-
mone (SN: 10/26/85, p.263). This pure
form of the hormone has replaced the
pituitary human growth hormone de-
rived from cadavers, which was used on
children for a quarter of a century until
1985, when researchers recognized its
tendency to transmit a rare, fatal viral
disease (SN: 8/17/85, p.103).

By now, some 10,000 growth-hormone-
deficient children worldwide have been
treated successfully with pure, recombi-
nant growth hormone and are growing at
normal rates, reports Ron G. Rosenfeld, a
pediatric endocrinologist at Stanford
medical school. The next challenge, he
says, is to find new uses for recombinant
growth hormone and to make sure it is
not overused.

One possible new use is in the treat-
ment of osteoporosis, a bone-weakening
disease that affects many elderly women,
Rosenfeld says. Physicians have found
that growth hormone secretion declines
in elderly people, and particularly in
postmenopausal women, and growth hor-
mone is known to promote phosphate re-
absorption, which helps strengthen
bones, he says. However, he cautions,
there is no complete research that sup-
ports this theory, and it remains “highly
speculative.”

Some physicians also have suggested
using growth hormone to treat slow-heal-
ing bone fractures because it appears to
stimulate cartilage and bone growth,
Rosenfeld says. But this prospect, too, re-
mains purely theoretical, he says.

Researchers have more solid reason to
believe that recombinant growth hor-
mone might help children who fail to
grow normally even though they appear
to have adequate supplies of their own
natural growth hormone. Rosenfeld de-
scribes one 4-year-old girl with this con-
dition, known as “normal variant short
stature,” who was the size of a 9-month-
old baby but still walked, talked, jumped

ne of the earliest recombinant
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Splicing human genes into bacteria enables the bacteria to manufacture human
proteins.

and sang songs like a 4-year-old.
Physicians do not know what causes
normal variant short stature, but one
possibility is that children with this con-
dition are unable to make use of their own
growth hormone, Rosenfeld says. Early
trials suggest that, for some as-yet-un-
known reason, supplemental injections
of recombinant growth hormone do fos-
ter growth in these children. But these
studies have been in progress for only
about a year, and it will take more time to
determine the long-term effects, he says.
Recombinant growth hormone, like
pituitary growth hormone before it, has
attractive properties that make some
people want to use it needlessly. And
body builders, who know the hormone
will promote muscle growth, are not the
only ones inclined to abuse it, says
Rosenfeld. Some parents ask for the hor-
mone to make sure their normal children
grow tall — in spite of the cost of treat-
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ment ($10,000 to $25,000 a year) and in
spite of the risk of diabetes, one of the
potential side effects of growth hormone.

“I've had families come to me and say; ‘I
don’t care how much it costs. I don’t care
about side effects,’ ” he says. “We literally
are turning away families with this at-
titude.”

As medical researchers have gained
more experience with recombinant medi-
cines, they have learned to anticipate
side effects, and not to expect miracles.
No longer do researchers expect to clone
“cures.” Instead, they are learning — one
by one — the complex ways in which indi-
vidual human proteins behave and how
touse these proteins to make modest, but
significant, inroads against disease. [J

Mary Murray is a former SCIENCE NEWS
intern, now an associate editor at THE
SCIENCES.
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Annual Review of Computer Science, Vol.1 —
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The Body — Anthony Smith. Originally published
in 1968, this examination of the body, from skel-
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edited and completed by Bruce Wallace. Exam-
ines the logic of evolution and the status of the
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uscript for this book. Wallace, a geneticist, com-
pleted and edited the book. Originally published
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lished in hardback in 1984 by Summit Books. Har-
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Originally published in hardback in 1985 by Sum-
mit Books. Har-Row, 1987, 243 p,, illus., paper,
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Carr. First published in 1967, this account of sea
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