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Interferon: Clinical Application of Molecular Biology 

Virus diseases have plagued mankind 
for thousands of years, but, until re- 
cently, no medical treatment for them 
has been available. Although the use 
of vaccines has almost eliminated sev- 
eral major viral diseases, such as polio 
and smallpox in the United States, med- 
ical research has provided no means 
for treating virus diseases already es- 
tablished in the body. No drugs have 
been made available for combating 
viruses even though drugs such as 
penicillin have been used so effectively 
against bacterial infections. 

The interferon system has become 
recognized as a major natural defense 
mechanism in man and animals against 
the innumerable viral diseases. This 
system appears in the body within a 
few hours after virus invasion. It can 
limit the spread of infection through 
the blood stream and plays a major role 
in recovery from established viral infec- 
tions. 

Interferon was discovered in 1957 
when Isaacs and Lindenmann incubated 
chick cells with inactivated virus and 
found in the culture fluid a substance 
that interfered with the growth of ac- 
tive virus in fresh chick tissue (1). Many 
workers in virology, biochemistry, and 
molecular biology studied interferon, 
and out of this research came the ra- 
tionale for an entirely new approach to 
the treatment of viral disease-induc- 
tion of the synthesis of interferon in the 
body in order to stimulate the cell's nat- 
ural defense mechanism. When the 
virus chromosome was established as 
the probable natural inducer of inter- 
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feron during virus infection, attempts 
were made to find a drug that would 
mimic the virus nucleic acid and spe- 
cifically act as interferon inducers. 

With successful results in animal 
experiments as a backup, a "mimick- 
ing synthetic polynucleotide-familiarly 
called poly(I ? C), a name indicating that 
it is a copolymer of polyinosinic .acid 
and polycytidylic acid (one strand of 
each)-is now being readied for trials 
as a therapeutic agent against viral dis- 
ease. 

Molecular Biology of Interferon 

The interferons produced by animal 
cells are proteins, or at least contain 
essential polypeptide components. Al- 
though no interferon has been purified 
completely, a 20,000-fold purification 
of chick interferon has been accom- 
plished. The resultant specific activity 
of more than 106 units (2) per milligram 
of protein places this protein among 
the most active of biological substances. 
Antiviral activity is associated with 
three classes of proteins which vary in 
molecular weight and order of appear- 
ance after virus infection. Researchers 
believe one class may exist in the cell 
in a precursor state and the synthesis 
of the others is induced by the pres- 
ence of viruses. Despite differences in 
size, no differences in biological activity 
or in antigenicity have been found; 
many workers consider interferons to be 
a family of proteins, just as antibodies 
are a group of heterogeneous proteins 
with the general property of combining 
with antigens. 
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The interferons produced by a va- 
riety of cell types and species are not 
markedly different, and no conspicuous- 
ly distinguishing features have been 
found among them. 

Different viruses apparently induce 
the same interferon in an animal, and 
interferon induced by one virus will 
protect against many different viruses. 
In contrast to this lack of virus speci- 
ficity, interferon is species-specific. Cells 
synthesize interferon that protects only 
cells of the same or closely related spe- 
cies. This means that chick interferon 
will not protect rabbits from viruses, 
but monkey interferon gives some pro- 
tection to humans. Thus the informa- 
tion for interferon synthesis resides in 
the animal cell and not in the inducing 
virus. This information is believed to 
be chromosomal since, in cells infected 
with RNA viruses, actinomycin D- 
which blocks DNA-dependent RNA 
synthesis-prevents the production of 
interferon but does not prevent replica- 
tion of the RNA virus. Presumably the 
gene for interferon is normally re- 
pressed and the infecting virus triggers 
derepression, although the mechanism 
of this action is not yet understood. 

Mechanism of Antiviral Action 

Interferon does not directly inactivate 
viruses, and therefore infected cells in 
an animal may not survive. However, 
the interferon which they produce as a 
result of infection is excreted and reacts 
with other cells to induce their resist- 
ance to virus. In this manner inter- 
feron can protect an animal from virus 
infection and promote recovery from 
established infections. 

To investigate the molecular basis of 
interferon's antiviral action, researchers 
have used cells in tissue culture incu- 
bated with purified homologous inter- 
feron. Such cells bind only minute 
quantities of interferon, probably less 
than ten molecules per cell. It is not 
yet known whether interferon actually 
enters the cell. After the binding step, 
both DNA-dependent RNA synthesis 
and protein synthesis must occur for 
the development of antiviral activity. 
The need for these syntheses indicates 
that interferon itself is not the antiviral 
agent, but that it does induce the cell 
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to produce new RNA and antiviral 
protein so that the cell is subsequently 
protected against virus. Molecular biol- 
ogists have not yet determined how 
interferon induces these new syntheses, 
but there is a model system which may 
be comparable-namely, the repression- 
derepression of the lac operon, the genes 
governing the proteins involved in lac- 
tose metabolism in bacteria. If this 
model should apply to the interferon 
system, the cistrons that code for the 
messenger RNA of the antiviral protein 
would be controlled by an operator 
which interferon affects to allow tran- 
scription into RNA, which is then 
translated into antiviral protein. 

The effects of these new syntheses 
of RNA and protein are observed when 
interferon-treated cells are challenged 
with virus. The virus penetrates the cell 
normally, but association of the virus 
chromosome with the cell ribosomes is 
greatly inhibited. As a result, the pro- 
duction of new viral nucleic acid and 
virus-specific proteins is reduced, re- 
sulting in an abortive infection. Pre- 
sumably, inhibition of the formation of 
the RNA-ribosome complex is mediated 
by the antiviral protein whose synthesis 
interferon induces. Although ability of 
the ribosomes to associate with virus 
RNA is inhibited, the formation of the 
complex of ribosomes and host-cell mes- 
senger RNA is not inhibited and cell 
growth continues. 

Clinical Application to Virus Infections 

Interferon in man occurs during nor- 
mal viral infections-it has been ob- 
served in the serum of patients with 
mumps, yellow fever, chicken pox, and 
influenza; and nonimmune children 
produced interferon after vaccination 
with an attenuated strain of measles 
virus (3). Hence it was thought that 
its administration to patients might rein- 
force a natural defense mechanism. Ini- 
tial results of administration to humans 
were very promising. In a well-con- 
trolled study in England, 38 volunteers 
were each injected at two sites (on the 
arm) with monkey interferon and con- 
trol material and they were subsequently 
vaccinated at the sites with vaccinia 
virus. The interferon treatment led to 
a statistically significant reduction in 
the incidence of infection (4). In Mos- 
cow, human interferon was adminis- 
tered to 200 people during an epi- 
demic of influenza virus, with a defi- 
nite prophylactic effect (5). In France, 
when large quantities of human inter- 
feron were injected into three infants 
with cytomegalic viral disease, which is 
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normally fatal, the children survived 
(6). 

Interferon has several advantages for 
clinical use. It is only weakly antigenic, 
and repeated doses of interferon can be 
administered and resistance to virus 
occurs each time. In addition, little or 
no toxicity to humans occurs when 
properly purified interferon prepara- 
tions are used. A major disadvantage is 
that animal interferons are inactive or 
only slightly active in humans, and 
thus all interferon for injection into 
man will have to be made from human 
or simian cells. Although several sys- 
tems for the production of interferon 
from human cells in tissue culture have 
been suggested, this goal has not been 
realized and is not immediately pos- 
sible. Hilton Levy, one of the virologists 
who established the ribosomal basis for 
the inhibition of virus growth, believes 
that it will take at least 5 years before 
methods for. the production of human 
interferon will yield enough for clinical 
use. According to George Galasso, head 
of the Antiviral Substances Program of 
the National Institute of Allergy and 
Infectious Diseases, research designed 
to produce large quantities of pure 
human interferon is now being sup- 
ported. 

Interferon Inducers 

Since interferon itself was not avail- 
able in sufficient quantities for admin- 
istration to patients, a search was be- 
gun for substances that were obtainable 
in large quantity and that could induce 
interferon. A variety of chemically and 
biologically heterogeneous substances 
were found that would stimulate inter- 
feron formation in animals and protect 
against virus infection. These included 
killed viruses, microorganisms, bacte- 
rial endotoxins, rickettsiae, mold prod- 
ucts such as helenine and statolen, and 
various large-molecular-weight poly- 
anions. Because of their toxic effects or 
because only low amounts of interferon 
were induced, none of these were ideal 
for clinical use in man. 

Isaacs had originally predicted that 
the nucleic acid of viruses was the 
stimulus for the synthesis of interferon 
and postulated that nucleic acid is not 
only the inducer of interferon, but also 
the target against which it acts. Experi- 
mental tests yielded conflicting results, 
and this hypothesis was considered un- 
proved. Interest in this theory was re- 
vived when it was found that preferen- 
tial inactivation of virus RNA and not 
virus protein led to inactivation of the 
capacity of the virus to induce inter- 

feron (7). Thus it appeared that the 
RNA of the virus was the stimulating 
moiety, and investigators, while testing 
a wide variety of RNA's, found that 
double-stranded RNA from several vi- 
ruses and yeast, as well as synthetic 
double-stranded RNA's, could induce 
interferon. The active component of 
statolen turned out to be a contaminat- 
ing fungal nucleic acid, and the large- 
molecular-weight polyanions were recog- 
nized as being very similar to polynu- 
cleotides in their anionic character. 

The research group at the Merck 
Institute tested many chemically well- 
defined polynucleotides that might 
mimic the nucleic acid of the virus 
nucleic acid. They found that the RNA 
copolymer poly(I * C) is one of the 
most potent inducers of interferon in 
animals and also has high activity in 
the prevention of experimental virus 
infection (8). 

A further clinical advance occurred 
when poly(I- C) was shown to be ef- 
fective in treating viral infections that 
were already established in an animal. 
In this case, administration of poly- 
(I' C) to rabbits with severe kerato 
conjunctivitis promoted recovery and 
there were no toxic effects to the ani- 
mals (9). 

Because of the potential clinical use 
of poly(I * C), a study of the toxicology 
of this agent was conducted at the Na- 
tional Cancer Institute (NCI) in 1969. 
Although poly(I * C) produced moder- 
ate toxic effects in monkeys and dogs, 
nevertheless safe dosages were estab- 
lished for carefully monitored studies 
in humans. 

Poly(I * C) is now coming to con- 
trolled clinical trials at the National 
Institutes of Health (NIH). In one 
study, 18 volunteers were treated in- 
tranasally with either poly(I- C) or a 
saline placebo and then challenged with 
rhinovirus, which normally produces 
colds. Poly(I * C) had some protective 
effects and produced a reduction in the 
symptoms of upper respiratory illness 
(10). 

Poly(I C) has also been used in 
less controlled studies to treat patients 
with usually fatal viral diseases or those 
with severe viral diseases for which no 
other therapy is available (10). An in- 
fant with severe herpes simplex en- 
cephalitis was comatose and convulsive. 
Within 12 hours after treatment with 
poly(I * C) the convulsions stopped, his 
fever dropped, and his condition gen- 
erally improved. Two children with 
subacute sclerosing panencephalitis 
were treated with poly(I * C). Deteri- 
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oration was slowed, and the patients' 
conditions remained stable for several 
months. However, the role of inter- 
feron was not established. At the Uni- 
versity of Siena, Italy, herpes simplex 
eye infection in man is being treated 
with poly(I ? C), and there is a signifi- 
cant therapeutic effect during the acute 
phase of the infection, with minimum 
toxicity (11). 

Although poly(I * C) has not in- 
duced major antiviral effects in man, 
Samuel Baron, a colleague of Hilton 
Levy at the NIH, believes that this may 
be due to the low doses administered. 
Baron has participated in many of the 
clinical studies with interferon, includ- 
ing the important study in which poly- 
(I * C) was shown to promote recovery 
from established conjunctivitis infection 
in rabbits. He says that the doses used 
up to now in humans "induce only a 
small fraction of the amount of inter- 
feron that can be produced during a 
naturally occurring viral infection." The 
amount that is produced normally "can 
be induced in mice and rabbits only by 
larger doses of poly(I * C) and some 
other inducers, and this amount is 
strongly protective. However, only low 
doses of poly(I * C) have been ap- 
proved for use in man, and the low 
levels which they induce exert only 
mild protection against viruses." 

Poly(I C) and Cancer Therapy 
The potential of poly(I C) in the 

treatment of cancer is now being stud- 
ied at the NCI. Research with labora- 
tory animals indicated that the drug 
changes the RNA and protein metab- 
olism of cells and thus might exert a 
preferentially inhibitory effect on 
tumors. In one study in mice, poly- 
(I C) was tested for its inhibitory 
power on 14 tumors of both viral and 
nonviral origin (12). The rate of growth 
of the tumors decreased, and the 
animals survived longer than controls. 
In two cases the tumors regressed, and 
in one case the tumor disappeared. A 

possible molecular basis for these find- 
ings is that poly(I * C) treatment 
causes marked inhibition of the syn- 
theses of protein and RNA in the 
tumor, to the extent of 60 to 95 per- 
cent. Poly(I C) also inhibits animal 
tumors caused by chemical carcinogens 
(13). Levy thinks that, since poly- 
(I * C) is a potent inducer of inter- 
feron, at least part of its antitumor 
action is through the interferon system. 

Because of this antitumor activity in 
animals, poly(I * C) has been admin- 
istered to 14 patients at the NCI with 
advanced malignancies (14). The titers 
of interferon increased with increasing 
doses of the polymer, but a plateau 
was not reached. Although at these low 
doses antitumor activity has not yet 
been demonstrated, it is too early to 
assess the value of poly(I ? C) in can- 
cer therapy. 

Future Prospects 

The successes of poly(I ? C) treatment 
in man have been limited thus far. 
However, only low dosages of the drug 
have been administered in clinical 
trials, and with increasing dosages in- 

creasing amounts of interferon have 
been induced, an indication that the 
maximum level of induced interferon in 
man has not been reached yet. In addi- 
tion, scientists at the NIH presented 
evidence in February of this year that 
human serum contains an enzyme, prob- 
ably a ribonuclease, which destroys 
poly(I * C), thus reducing the effec- 
tive dose administered (15). This phe- 
nomenon was not encountered in any 
of the animal experiments, but subse- 
quently both minks and ferrets were 
shown to possess the enzyme. The prob- 
lem now is to prevent degradation of 

poly(I * C) and to find conditions for 

potentiation of its action. A search is 
now being made for synthetic poly- 
nucleotides that will be resistant to the 
degradative action of human serum. 

Both Levy and Baron agree that, be- 
cause of possible toxicity, poly(I * C) 

may not be the most effective antiviral 
agent for use in man. However, it is 
relatively inexpensive and easy to make 
and purify, particularly when compared 
to the inaccessibility of human inter- 
feron. The United States is conducting 
extensive clinical studies with poly- 
(I -C), and the United Kingdom and 
France are studying the administration 
of human leukocyte interferon to man. 
In Russia and Italy there are also large 
groups studying the clinical applications 
of the interferon system. Several other 
inducers of interferon are being experi- 
mented with, including modified nat- 
ural nucleic acids and drugs that are 
not chemically similar to nucleic acids. 

Research in the interferon system 
thus seems to be leading to successful 
treatment of viral diseases and tumors 
for which there has previously been 
available only minimal treatment. 

-MAUREEN HARRIS 

The author is a biochemist and free- 
lance writer. 
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