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Summary. — Several prostaglandins are continuously produced
in every cell. They activate protein kinases by regulating eyclic
nucleotide synthesis. Modifications of the phosphorylation of
virus polypeptides and alterations in the microtubular system
of host cells can result in the reactivation of latent viruses.
Prostaglandins have a very important role in directing cell cycle
Abnormal tyrosine kinase activities during viral cell transfor-
mation are responsible for the malignant changes and consequently
severe alterations are observed in the endogenous prostaglandin
production. External modification of this cascade can revert
malignant signs to normal. Furthermore, virus infeetion or cell
transformation could be promoted by the immunosuppressive
effects of overproduced prostaglandings. They damage interferon
release and co- op(‘mtlon between the different cell types of the
immune system. Enzyme inhibitors of the prostaglandin cascade
or prostaglandin analogues may exert influence on all of these
phenomenon, providing future therapeutic agents.

Key words: prostaglandins; protein kinases; latency; transfor-
mation; interferons

Among several endogenous and natural substances, prostaglandins are
regarded as general modulators of cell metabolism. They have a well do-
cumented direct and indirect effect on cell-virus interaction, virus replication,
and on reactivation process from latent state of viruses. Moreover, they can
play a role in viral transformation as well.

The cascade of prostaglanding - cyclic nucleotides — protein kinases

Prostaglandins (PG) belong to the family of eicosanoids. They are synthe-
sized from arachidonic acid by cyclooxygenase and peroxidase, while lipoxy-
genase convert leukotrienes (LT) from the same precursor. Arachidonic acid
itself is derived from the cell membrane by phospholipase A (Berkow, 1977;

* W hom rerpeeta for reprints should be addrossed.,

380



























REVIEW 389

cAMP level does not show any alteration neither in presence or in the absence
of transformation (Ledinko et al., 1979). The phenotypical signs of malignancy
on cells can temporarily be concealed by extracellular application of PGE,,
theophylline and dibutiryl-cAMP (Abell and Monahan, 1973). Macrophages
transformed with SV-40 regained their phagocytic activity (Tanigawa ef al.,
1982). The above mentioned MDCK cells lost their ability to express function-
al glucagon receptors upon transformation. PGEs restored the differentiation
of these cells and consequently induced the appearance of normal receptors
on the cell surface (Lin et al., 1982). Therefore, it seems conceivable that for
certain tumours, transformation results in decreased PG production allowing
a selective advantage fot those cells to escape from a normal PG induced
state of differentiation (Lin et al., 1986). These phenomena may be related to
the fact that the stability of the tubular cell structures and its membranes
is strengthened by cAMP (Puck, 1984). Feline leukaemia virus (FeLV) and
other retroviruses could decrease the mobility of a concanavalin A (Con-A)
receptor on the surface of lymphocytes as a part of leukaemogenesis and
immunosuppression. Chicken embryo fibroblast cells transformed with tem-
perature sensitive RSV mutant at permissive temperature, show decreased
cAMP level within 10 minutes after infection. Infecting at restrictive tem-
perature, the cAMP level remains the same and transformation does not take
place. Virus replication, however, occurs in both cases. In mice infected with
Moloney sarcoma virus, the development of sarcoma was delayed by indo-
methacin. In another experiment, creating immunosuppression with anti-
lyvmphocyte serum in animals, the same virus was subsequently inoculated.
The mice all died within 14 days. But in animals similarly immunosuppressed
and virus-infected, a significant inhibition of tumour growth could be obtain-
ed by indomethacin treatment (Menyhédrt and Mindrovits, 1977). Thus,
transformation was accompanied by decrease of the cAMP level (Izui ef al.,
1980; Willis, 1984). Among some conflicting results it is remarkable that
kidney cells could be transformed at restrictive temperature by cold-sensitive
mouse sarcoma virus only if the endogenous cAMP level was raised by PGE;.
The effect was, however, only transitory, and the morphological signs ceased
quickly (Somers, 1981). It was also reported that PGEs in 3T3 cells was
elevated by polyomavirus (Roos et al., 1980), while others published that
increased cAMP level totally blocked proliferation of polyomavirus trans-
formants derived from 3T3 cells without affecting proliferation of normal
cells or SV-40 induced transformants of the same cel! line. Proliferating po-
lyoma transformants contained threefold less cAMP than did proliferating
SV-40 transformants. Adenylate cyclase activity was threefold less active
in the membranes of polyoma transformants. A mitogen, Con-A had different
effect: it could totally block proliferation of both normal cells and SV-40
transformants of 3T3 but reduced proliferation of polyoma transformants
only twofold (Kamech et al., 1987). In the light of these observations one
cannot conclude that changes in PG effects do not depend on viruses (Lin
et al., 1986). Neoplastic progression is a multistep process: whether the altera-
tion of the PG production is an early occurrence, or some enzymes in the
biosynthetic pathway for PG synthesis become modified upon transformation,
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Michell, 1989). While PGE can serve as a differentiation inducer of transform-
ed cells and as a growth factor for most normal cells, there is no evidence
that PGEs are responsible for promoting the abnormal growth rate seen in
the case of transformed cells (Lin ef al., 1986), but some exceptions have been
reported (Roos et al., 1980; Lewis et al., 1981; Gottesman et al., 1984). The
signal character seems to be affirmed by the fact that half-life period of the
PGs is very short, and also by those observations that in macrophages and
in fibroblasts transformed by SV-40, CNs cannot be influenced by external
factors, including PGs (Tanigawa et al., 1982). Interestingly, it was found
that the effects of PGs on cell division were similar to their influence on
the replication of oncogenic adenoviruses (Ongradi et al., 1986).

Gene products of different viruses have an intrinsic CN-dependent tyrosyl
kinase activity (Bell et al., 1987). Phosphorylation of tyrosine of acidic
nuclear proteins, the RNA polymerases, by the effect of Abelson leukaemia
virus was elevated by 300 per cent (Frausen et al., 1983; McClung and Klet-
zien, 1984; Willis, 1984). Normal kinases phosphorylate on serine or threonine
(Michell, 1989). The consequence of this difference can be that regulatory key
polypeptides with their increased negative charge react with positive histones,
resulting in the removal of the latter, and consecutively transcription starts.
This process can also take place in case of insertion of the cistron of an onco-
genic virus, which cistron possesses kinase activity. Src gene product of
RSV (p60v-sre) has a tyrosyl kinase activity, which significantly decreases
the serine phosphorylating activity of both cAMP-dependent cellular PK
and cAMP-independent PK. The reduction of AMP-dependent Pi{ activity is
a direct consequence of the expression of viral src gene, but the exact mech-
anism is not yet known (Clinton and Roskoski, 1984). Since more types of
oncogenic viruses code tyrosine specific kinase, it is conceivable that this
enzyme is an antagonistic type to other cAMP dependent cellular PKs
phosphorylating serine or threonine (McClung and Kletzien, 1984). The
v-src product itself consists of 526 amino acid residues (Czernilofsky ef al.,
1980), and the molecule is phosphorylated at both serine and tyrosine residues,
the former phosphorylation is catalysed by a cAMP-dependent PK (Collett
et al., 1979). The major phosphate acceptor for this autophosphorylation is
located at the 416 tyrosine (Brugge and Darrow, 1984). Total cellular content
of phosphotyrosine was to increase 5- to 10-fold in RSV-transformed cells,
and many types of cellular proteins were found to be phosphorylated on
tyrosine residues. Using various spontaneous and in vitro constructed mutants
of the virus, the kinase activity appears to be essential for transformation.
However, the kinase activity is not sufficient for the transforming ability
and tumourigenicity (Cross ef al., 1985; Resh and Erikson, 1985; Wang and
Hanafusa, 1988). It has been well established that for each viral oncogene
(v-onc) has a cellular homologous counterpart, known as cellular oncogene
(c-onc) or protooncogene. The v-onc in a transforming virus has been acquired
from the corresponding protooncogene by retroviruses. Many details of
them were studied on v-sr¢ of RSV, and sequences related to it have been
detected in all vertebrates (Wang and Hanafusa, 1988). The c-onc gene codes
for a product very similar in structure and enzymatic property to that of
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significant role in the transforming process (Nishizuka, 1984; Michell, 1989).
This enzyme is activated by another secondary messenger, namely, by dia-
eylglycerol (DAG). DAG is generated after a previous breakdown of receptor-
induced hydrolysis of membrane polyphosphoinositides (PPI) (Imboden,
1988). DAG also acts as a substrate for arachidonic acid release during PG
synthesis (Bell ef al., 1979), and this is a common site of the two separate
systems. PK-C phosphorylates at serine or threonine in normal cells, and
has a great homology with the cAMP- or ¢cGMP-dependent PKs, but it does
not correspond to any other Pks encoded by any oncogene (Carpenter ef al.,
1987; House and Kemp, 1987). It phosphorylates a histone, and may take
part in gene expression (Imboden, 1988). It was shown that PK-C stimulates
the transforming ability of polyomavirus mTAg by increasing its association
with p60¢c-sre (Raptis et al., 1986). This is in accordance with other findings
that in a ras-resistant, morphologically transformed cell line by Kirsten
sarcoma virus, the activity of PK-C was shown to be threefold reduced when
compared to ras-sensitive NIH/3T3 cells (Kamata et al., 1987). Probably,
ras oncogene activates a phospholipase which catalyses the breakdown of
PPI to DAG. This activation involves DAG in PK-C turnover, while as
a consequence of it, PGE synthesis decreases. Another interesting overlapping
with the PG-CN system is that v-ras oncogene proteins show similarities to
G-proteins, which are important factors at the cell surface to generate CNs
(Hurley et al., 1984; McGrath et al., 1984; Roos and Gilman, 1984).

New observations indicate that HIV after binding to the CD4 molecule,
induces its phosphorylation by PK-C. This process results from the specific
interaction of CD4 receptor and viral gpl20, but purified gpl20 alone is
unable to induce phosphorylation of the receptor (Fields et al., 1988). CD4
can transduce an other independent signal during T cell activation resulting
in a rapid increase of tyrosine phosphorylation of one subunit of the T cell
receptor complex (Veillette et al., 1989). These phenomena mean that HIV
induced phosphorylation could be involved in the mechanism of viral entry.
Blockade of HIV induced phosphorylation could represent a potential target
for antiviral therapy (Fields et al., 1988).

Connection between the PG cascade and-the immune system infected by viruses

Prostaglandins have an important role in the physiology of inflammation
{Martin et al., 1983). Several non-steroidal anti-inflammatory drugs, just
through inhibiting a great part of the PG cascade, achieve their curative
effects (Kantor and Hampton, 1978). Within this complicated mechanism,
the elimination of viruses as foreign antigens can occur under control of
PGs (Goodwin and Webb, 1980). It must be emphasized that within the
effects of non-specific dofence mechanism, the phagocyting cells are very
sensitive to PG inducers (Fitzpatrick and Stringfellow, 1980). For example,
as a result of the transformation of mouse macrophages by SV-40, their
phagocyting activity declines, however, by stimulating PG synthesis, the
phagoceytosis improves again (Tanigawa et al., 1982). Aminophylline and
isoproterenol inhibiting the catabolism of PGs suppress the phagocytosis of
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regulation of PMNLs, in releasing lysosomal enzymes and in activating
guanylate and adenylate cyclases (Foreman, 1981; Lewis and Austen, 1981).
These were observed in guinea pigs infected with VSV (Moshonov et al.,
1986) or an arenavirus (Liu ef al., 1986). The metabolites and endproducts of
the PG and LT system can modify each other’s function because of derivating
from the same precursor (Lee, 1982).

There is some evidence to show that the reaction of lymphocytes to different
mitogen stimuli is influenced by the PG-CN system. Their activation and
proliferation for the effect of mitogens are usually inhibited by PGE;, PGE,,
and dibutiryl-cAMP, theophylline (Abell and Monahan, 1973; Lomnitzer
etal., 1976; Johnson, 1977; Giron, 1982). Lymphocyte transformation induced
by phytohaemagglutinin (PHA) was inhibited by PGA;, PGE,, and dibutiryl-
cAMP, as it was shown by measuring protein-, DNA-, RNA- synthesis.
Lymphocyte proliferation is stimulated by indomethacin. Otherwise, there
is a significant difference in respect of which lymphocytes are affected by the
stimuli. Normal cells are brought to mitosis by PHA or Con-A through
c¢GMP elevation, but in the early phase cAMP rises to activate histone kinase.
It is possible that the cAMP induces mitosis of such thymocytes, which have
already been programmed (Abell and Monahan, 1973; Berkow, 1977). PHA
also activates PK-C (Imboden, 1988).

The other important response of lymphocytes to mitogens, among them
to viruses, is the immune interferon (IFN) production, which is under
control of PGs and CNs (Johnson, 1977; Fitzpatrick and Stringfellow, 1980;
Santoro et al., 1982). High concentration of cAMP (10-3 M) inhibits its
release from PHA stimulated human peripheral lymphocytes (Epstein and
Bourne, 1976), and that from mouse L-cells infected by Newecastle disease
virus (NDV) or Chikungunya virus (Dianzani et al., 1972; Johnson, 1977).
PGE;, PGEz, cAMP, and theophylline inhibit the production of other lympho-
kines, like interleukin-2 (IL-2), MIF or LIF (Lomnitzer et al., 1976; Goodwin
and Webb, 1980; Rémer et al., 1986). These mediators induce other changes
which can interfere with«IFN release (Dianzani et al., 1972). Vice versa,
IFN inducers can also promote PG synthesis, nay, VSV, and NDV elevate
PG production in certain cell types without IFN generation (Yaron et al.,
1977). On the other side, HSV-1 and 2, vaccinia and adenoviruses can neither
induce IFN nor more PG in most chicken, mouse, hamster, monkey, and
human cells (Fitzpatrick and Stringfellow, 1980). PGI: can block the fatal
outcome of the disease caused by vaccinia virus in mice, but the use of
PGE; or the inhibition of PG synthesis in vivo worsens the disease. These
findings might be relevant to IFN effects in vivo, since IFN and PGI; act
synergistically against virus infections by preventing virus induced endo-
thelial damages to limit virus spread (Zavagno et al., 1987). It was also
found that several types of PGs restored IFN response in hyporeactive
animals (Stringfellow, 1978). It is supposed that PGE; and others enhance
IFN generation. This could explain the fact that PGE, reduced the yield
of poliovirus. and encephalomyocarditis virus in cell cultures (Giron, 1982).
The IFN binds to the receptors of the cell membrane, consecutively diminish-
ing its fluidity and the lateral mobility of specific receptors resulting in
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rylation at different sites results in divergent activities against other ones
(Robert-Galliot et al., 1985), but influencing these functions separately
promines an extreme therapeutical utilization (Browning, 1987).

The effect of PGEs is synergic to IL-1 and the macrophage activating
property of gamma-IFN can lead to enhanced IL-1 production. PGE also
enhances the early phase of B cell activation by supporting IL-4 action on
B cells, and later it can inhibit consequent steps (Goodman, 1986; Browning,
1987). It was also proposed that the effective inhibition by gamma-IFN of
Epstein-Barr virus induced B cell proliferation and subsequent IgM produc-
tion may be a result of interaction between eicosanoids and gamma-IFN,
which later blocks the effeet of IL-4 on B cells and antibodies. This speculation
explains the therapeutic effect of IFN in rheumatic diseases (Lotz ef al.,
1986).
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