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Preface

The hosts of this Second Immunodynamics Conference were the Department of
immunology of the Research Division of The Cleveland Clinic, The Cleveland
Clinic Educational Foundation, The Cleveland Clinic Cancer Center and The
Cleveland Clinic International Center for Specialty Studies,

"Wirus-Lymphocyte Interactions: Implications for Disease' was chosen as the
theme for this conference. This was done in recognition of the fact that the
fields of immunology and virology are currently experiencing an information ex-
plosion that is unparalleled. In reality, the conference encompassed more than
virus-lymphocyte interactions. Nevertheless, most of the work reviewed did
focus on unique relationships between viruses and cells of the host immune
defense system and the potential pathogenic consequences. |f the reader finds
some of the material provocative, that was intended, for the contributors were
encouraged to be provocative and stimulatory. Hopefully some were.

Clearly, the papers collected herein in no way represent an exhaustive com-
pendium of the subject. Representative experts with extensive knowledge of the
interactions between various viruses and lymphoreticular célls were invited to
contribute with the full realization that we could not have the participation of
every colleague we would have wished. Consequently, highly interesting subject
areas were left unexplored. This was simply dictated by conflicts with other
conferences, the constraints of time and funds, and by our wish to keep the
conference small enough to allow an informal, free interchange of ideas. To
have enjoyed the participation and significant contributions of all those who
have interest or expertise in the subject at hand would have required a con-
ference spanning many days and resulting in several volumes of the collected
papers. It is our hope that this conference will serve as a stimulus for
future ones having the same theme. If so, it will have served its purpose. It

is evident that we only scratched the surface.

Max R. Proffitt, Ph.D.
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INTERFERON: ANTIVIRAL, IMMUNOREGULATORY AND ANTICELLULAR ACTIVITIES

Samuel Baron, J. Edwin Blalock, Ferdinando Dianzani, Robert Fleischmann,
Jerzey Georgiades, Howard Johnson, and John Stanton
University of Texas Medical Branch, Galveston, Texas 77550

INTRODUCTION

The intriguing phenomenon by which infection by one virus renders hosts
and their cells highly resistant to other superinfecting viruses is termed
interference. The most widely occurring cause of interference in nature
is the production of a new protein, interferon, by the host cells
thenselvell. Interferon can react with normal, uninfected cells to render!
them resistant to most types of viruses.

The interferon system is an inducible genetic function of all somatic
cells, It can initiate several pathways which in turn can affect not only
viral replication, but also the immune response, cell growth, and other
cell functions, The study of interferon offers opportunities to elucidate
cellular genetic expression, cellular regulation, viral replication,
immunoregulation and methods for control of disease, There are a number
of reviews available-—some of which are listed for additional 1nfornation2-
13. Original references for the quoted studies can be obtained from these
and the other reviews which are included in the text.

Functions of the interferon system. Interferon as a defense against

viral infection is clearly documented by a number of experimental and
clinical observations, Generally: 1) in many viral infections a strong
correlation has been established between interferon production and
natural recovery; 2) inhibition of interferon production or action

enhances severity of infection; and.3) treatment with interferon
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protects animals against infection by a variety of viruses. In addition the
interferon system is the earliest appearing of the known host defenses and
it is operative within hours of infection. Clinical trials of interferon
and its inducers during viral infections are sufficiently advanced and
encouraging so that the first clinical application (e.g., rabies and perhaps
serum hepatitis) is indicated.

Although interferon was first recognized as an extraordinarily potent
antiviral agent, it was subsequently found to affect other vital cellular
and body functions, For example, interferon may enhance phagocytosis,
inhibit division of a variety of cells, affect the immune response, affect
the expression of cell membrane antigens, and influence the body's response
to lonizing tadiationll‘.

Production and action. Virtually all nucleated cells can produce

interferon when the cells are infected by viruses. Figure 1 schematically
illustrates the cellular events of interferon induction and action. As
shown on the left side of the figure, during the early stages of viral
infection some event (probably the presence of foreign viral nucleic acids)
derepresses a cellular gene which contains the genetic information for the
interferon protein which subsequently is glycosylated.

There are 3 molecularly distinct types of interferon (Table 1). The most
common type (fibro-epithelial interferom) is produced by fibroblasts™ and
epithelial cells during viral infection and it functions as a defense
against viruses. Another type, leukocyte interferon, is produced by
lymphoid cells when induced by certain viruses and foreign or tumor cellsls.
Its functléna may be antiviral and cell regu.l'atory.

A third type of interferon is produced by T lymphocytes following
antigenic or mitogenic stimulation (immune interferon). Recent studies
indicate that its mechanism of action is different from that of the 2

preceeding types of 1nterferon16. The first antibody to mouse immune
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Fig. 1. Cellular events of the induction and action of interferon
(IF). Virus comes in contact with the cell (1) and penetrates the
cell membrane. The virus then releases its genetic material, and
replication of the virus occurs (2). . The new virus leaves the

cell (3), enters the fluid around the first cell, and some of the
replicated virus infects a second cell (4) where the release of the
genetic material again takes place (5). During the early stages of
infection of the first cell, some event (viral nucleic acid?)
stimulates a gene in the DNA which contains the stored genetic
information for interferon (A). This leads to the production of a
messenger RNA for interferon, which leaves (B) the nucleus, and is
translated by the cell's ribosomes (C), into the interferon
protein.

Several events now occur more or less simultaneously. Some
interferon is secreted by the first cell (D), enters the surround-
ing fluid, where it comes into contact with and stimulates the
second cell (E). The second cell is thereby induced to produce a
new messenger RNA (F) which is translated to a new protein(s) (G),
the antiviral protein (AVP). This in turn modifies the cell's
protein synthesizing machinery, such that cell mRNA is translated
into protein, but viral RNA is poorly bound or translated or both.
In the first cell processes E, F, and G may, in some instances,
also operate to form AVP and thereby reduce the virus yield in the
first cell. Shortly after interferon is synthesized in the first
cell, another mRNA (H) is believed to be synthesized from the
cell's DNA and is translated (I) into a regulatory protein (RP),
(hypothesized). This regulatory protein combines with the mRNA
for interferon, thereby preventing the further synthesis of more
interferon (J). There is recent evidence that the antiviral state
may be directly transferred between adjacent cells (from second
to third cell at right) by the passage of an unknown (?) inducer
of the antiviral protein.



Table 1

The Three Types of Interferon

Interferon Type Producer Cell Stimulus
Fibro-epithelial Fibroblast Viruses
Interferon
Epithelial Nucleic acids
Macrophage
(Other ?7)
Leukocyte interferon Null cell Foreign or trans—
Macrophage formed cells
(Other?) Viruseg*
Immune interferon T (&B?) lymphocyte Mitogens
Antigens

*1t remains to be determined whether viruses induce leukocyte interferon
directly or indirectly by altering cell membranes.

interferon has been produced in our laboratories tecently17. Use of this

antibody has shown that immune interferon is antigenically distinct from
virus-induced and lipopolysaccharide (a B cell mitogen)-induced mouse
interferons. Furthermore antigenically indistinguishable immune
interferons were induced by various T lymphocyte mitogens im vitro and by
antigen injected into sensitized mice17. Purification of lymphokine
preparations containing immune interferon demonstrated that it could be
separated from MIF and lymphotoxlnla'lg.

Much slower activation of the antiviral state occurs in cells reacting
with immune interferon than with the other 2 interferonazo. The
possibility that this slow action is due to an indirect action has been
raised by studies using sequential inhibition of cellular RNA and protein

aynthesesl6. The most probable interpretation of the findings is that

immune interferon induces cells to synthesize an intermediary protein which

then induces the antiviral proteins,



Potentiation of the antiviral action of other interferons may also be an
important function of immune interferon. This is suggested by the recent
finding that partially purified immune interferon can potentiate the
antiviral action of virus-induced interferon by a factor of ten21. The
functions of immune interferon may be antiviral and cell regulatory.

Production of interferon occurs de novo by cellular protein synthesis.

An additional regulatory protein is also produced and it is thought to

control interferon production. The 20,000-90,000 Mw interferon protein,

containing some associated carbohydrate, is actively secreted by the

cell into the extracellular fluid, Viral-induced interferon is
generally produced at about the same time that the viral progeny is
released by the infected cell, thus being able to protect the
neighboring cells from the spreading virus.

As shown in the middle of Figure 1 interferon does not directly
inactivate virus, Instead, it prevents viral replication in surrounding
cells by reac-tlng with the cell membranes to derepress a gene(s) encoded
for intracellular antiviral protein(s) which must be synthesized before
inhibition of virus replication can occur., The mechanism of the viral
inhibition by the antiviral protein is probably by an inhibition of
synthesis of essential viral proteins but alternative, and additional,
inhibitory mechanisms (transcription and viral release) are still being
examined. The inhibition of viral protein synthesis may be caused by
cellular changes affecting: a) initiation of protein synthesis, b)
polypeptide elongation, and c¢) composition and configuration of viral mRNA,
These changes are being studied and may bq mediated directly or indirectly
by interferon effects on induction of protein kinases, depletion of
specific tRNAs, production of an oligonucleotide which activates an
endonuclease, methylation of viral RNA, and a general alteration of

cellular RNAszz—zs.



