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Interferon (IFN) resistance Is an Important factor in the
pathophysiology of neoplastic disorders, certain viral infections
(e.g., AIDS), and autoimmune diseases (e.g., lupus erythemato-
sus and Wegner's granulomatosis). In addition, in some of these
disorders, there is also decreased ability to produce IFNs. The
capacity of viruses and neoplastic processes to interfere with
the IFN system are thought to represent a "virus-against-host"
or "cancer-against-host" defense mechanism. Four resistance
factors have been Identified: 1) release of free IFN-alp type 1
receptors Into the circulation that, at appropriate concentra-
tions, capture and inactivate IFNsj 2) a new IFN inhibitory
protein has been isolated and its chemical structure is under
stUdyj 3) prostaglandin E2, which is produced by certain tumor
cells, inhibits IFN production: and 4) high levels of cAMP
Phosphodiesterases present, for example in certain tumor cells,
reduces cAMP, an important second messenger in IFN synthe-
sis. Studies are under way to reverse these Inhibitory effects
and to increase endogenous interferon production. Exp Bioi Med
229:285-290, 2004
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Interferon (IFN) Production and Its Modifications
IFNs are a group of naturally occurring proteins and

glycoproteins known to have antiviral, antiproliferative, and
immunoregulatory effects. Nonual healthy individuals do not
have demonstrable levels of IFN in their circulation. IFNs
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appear in blood in response to infection, at clinical and
subclinical levels, or in response to antigen and mitogen
simulation. The appearance of IFN in the circulation
constitutes an initial line of host defense against infection.
Normal healthy individuals can be broadly classified into two
categories on the basis of the ability of their lymphocytes to
synthesize IFN-ex in response to a viral or nonviral challenge:
"average producers" (>2000 Itl/ml) and "low producers"
(< 1000 IVIml; Ref. I). It is conceivable that low producers of
IFN are more prone to infection than nonual producers. The
question has arisen as to whether they are also more likely to
develop neoplastic disorders. Studies have been perfonued to
investigate IFN synthesis ability of white blood cells of
patients with various disorders in comparison to nonual
individuals. A significant decrease in IFN synthesis
ability was observed in patients with AIDS and with cancer
(2,3).

Immunosuppressant agents (cyclosporin and predni-
sone), which are used in organ-transplant recipients and in
the therapy of autoimmune disease, suppress IFN pro-
duction (4). Prostaglandin E2 (PgE2) and cAMP-reducing
factors also inhibit IFN synthesis, Although PgE2 increases
cAMP production, high levels of cAMP-phosphodiesterases
seem to offset this effect. On the other hand, PgE2 inhibitors
(e.g., indomethacin and meclofenamic acid) and cAMP-
increasing phosphodiesterase inhibitors (e.g., pyrimido-
pyrimidine and methylxanthine derivatives) increase IFN-ex
synthesis and convert "low-producer" white cells into
"normal-producer" white cells in vitro (1, 4-6). In tumor
cells and in the circulation of patients with cancer, high
levels of Pg~ have been found; this was considered to be
one of the tumor-against-host defense mechanisms. Neo-
plastic cells also contained high cAMP-phosphodiesterase

285



286 CHADHA ET AL

levels. These factors appeared to be involved in interference
with IFN synthesis (5-7).

Meclofenamic acid, a double inhibitor of both the
cyclooxygenase and Iipoxygenase pathways of the arach-
idonic acid metabolism and, hence, PgEz production (8),
has been shown to increase IFN-a. production in human
lymphocytes without interfering with the antiviral and
antiproliferative effect of IFN-a. (9). In a murine model of
AIDS and related lymphomas (LP-BM5-MULV virus
infection of C57/B1/6 mice), decreased IFN production ap-
peared to play a role in the pathophysiology of the disease.
Treatment with meclofenamic acid and pentoxifyline (a
cAMP-phosphodiesterase inhibitor and cAMP-increasing
agent) increased IFN production and decreased biochemical
and hematologic manifestation of the disease, including
the L3T4:Lyt2 ratio (corresponding in mice to the human
T4:Tg cell ratio), splenomegaly, and lymphadenopathy (10).
Because animals were killed at various times after infection
in these studies, no survival data have been reported.

IFN-a. was found to alter membrane potentials in
IFN-sensitive Daudi cells (from patients with Burkitt's lym-
phoma). IFN produced dose-dependent hyperpolarization,
decreased membrane viscosity, and modulation of the
microfilament system. These effects were not altered by
meclofenamic acid or the cAMP-phosphodiesterase inhib-
itor pentoxifylline (II). Another cAMP-phosphodiesterase
inhibitor, the pyrimido-pyrimidine derivative mopidamole
was found to potentiate the neoplastic growth inhibitory
effect of IFN-~ in several human cancer cell lines in tissue
culture (12).

Resistance to IFN Therapy and Role in
Pathophysiology

It is well recognized that IFNs can be used for the
treatment of certain viral infections and certain neoplastic
disorders, including hematologic malignancies and AIDS-
related neoplastic complications (13, 14). IFNs have been
used alone or in combination with many other forms of
treatment. Among the vast majority of clinical trials done
thus far, IFNs induce remission in some patients, whereas,
in the greaa majority of clinical trials, they have at best led
only to minor improvements. In the most commonly
occurring solid cancers such as cancer of the lung, breast,
colon, and prostate, IFNs have been largely ineffective (13-
17). The reasons for the lack of response in vivoare not fully
understood. Available data suggest that the lack of response
is partly due to the appearance of IFN inhibitory activity
present in the circulation of these patients (18-23). Modest
inhibitory activity was also found in normal body fluids,
nasal secretions, and urine (24-26). These inhibitors
appeared to be independent of antibodies produced during
IFN therapy (27).

In a group of patients with hemophilia who were
infected with human immunodeficiency virus-contaminated
blood preparations at.a known time, IFN levels were mea-

sured. They increased after infection and were mostly of the
acid-labile a. type (most IFN-a. types are acid stable). This
type of IFN was thought to be diagnostic for AIDS, but it is
also seen in lupus erythematosus (SLE). After a variable
latent period, patients developed clinical AIDS. At that time,
IFN inhibitory activity became measurable in the circulation
(13, 18, 22, 23, 28). It was thought that the induction of
IFN inhibitor production is a "virus-against-host" defense
mechanism.

A search of IFN inhibitory activity in a wide variety of
clinical conditions revealed the presence of such activity in
certain autoimmune disorders, including SLE with vasculitis
(28-30) and Wegner's granulomatosis (31). Some of the
highest IFN inhibitory activity was found in patients who
developed AIDS-related lymphomas and in patients with
AIDS-related Kaposi sarcoma (3, 6, 18, 22, 23). A further
search in neoplastic diseases revealed high levels in the
majority of all patients with cancer. When the neoplasms were
successfully removed surgically or were significantly reduced
by radiation and/or chemotherapy, there was elimination
or decrease of IFN inhibitory activity, which suggests that at
least some of the inhibitory activity was produced by neo-
plastic cells (3, 6, 23, 32).

In the studies referred to above, overall inhibitory
activity was measured by mixing a series of dilutions of
patients' serum/or purified IFN inhibitory preparation with
100 IV of natural human IFN-a. (nHuIFN-a.), incubated at
3rC for 2 hrs, and then assayed for the remaining IFN
antiviral activity according to the method of Finter (33). The
following controls were used in all IFN inhibitor assays: 1)
patients' serum or inhibitor preparation mixed in equal
proportions with culture medium to determine any carryover
IFN activity, 2) an appropriate dilution of pooled normal
human serum mixed with 100 IV of nHuIFN-a. to document
that no IFN inhibitory activity was present in normal serum,
or 3) 100 IV of nHuIFN-a. mixed with culture medium.
All controls were treated identically to IFN inhibitor prep-
arations. One unit of IFN inhibitory activity was defined as
the amount that can block antiviral activity of 25 IV of
nHuIFN-a.. The inhibitory titer was expressed as the recip-
rocal of the dilution of serum needed for 1 U of activity. IFN
inhibitory activity is not very stable when serum is kept
frozen at -70°C; nearly 90% of its activity is lost after 6
months of storage at this temperature. For some studies,
serum containing IFN inhibitory activity was precipitated
with ammonium sulfate. The precipitate, at 50% ammonium
sulfate concentration, contained all inhibitory activity. It was
dissolved in 20 mM sodium phosphate buffer (pH 7.0),
dialyzed against the same buffer, chromatographed, and
lyophilized in small aliquots. This resulted in the preserva-
tion of IFN inhibitory activity for a minimum of 1 year.

The relationship of IFN activity and production to tem-
perature has been studied (34). Mild hyperthermia (39°C) in-
creased lPN-a., -~, and -y antiviral and antiproliferative
activity in vitro in human and murine normal and neoplastic
cell cultures but decreased IFN production on stimulation
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by Sendai virus or staphylococcal endotoxin. Mild hyper-
thermia decreased the IFN-induced enhancement of
natural killer cell (NKC) activity (34).

Of all the clinical conditions studied, the highest levels
of IFN inhibitory activity were found in patients with AIDS,
Particularly if it was complicated by neoplastic diseases
(e.g., B cell lymphomas or Kaposi sarcoma; Refs. 3, 18,22,
23, 28, 35), followed by patients with neoplastic disorders
(3, 6, 23, 32) and autoimmune disease (SLE or Wegner's
granulomatosis; Refs. 28-30, 35). The mechanism of action
of this inhibition was studied in more detail, and
several mechanisms were uncovered (28, 30).

It appeared that, in the circulation, free IFN-cx/~ type
1 receptors appeared in concentrations that capture and in-
hibit the activity of IFN-cx and -~. Hardy et al. (36) reported
that, in mice, free IFN receptors can be both agonists and
antagonists, depending on the concentration. The levels
reported in patients were of the antagonist level. This was
also born out by clinical and laboratory-proven resistance to
IFN therapy. Moosmayer et al. (37) and Ozmen et al. (38)
showed that the free IFN-y receptor is an effective inhibitor
of IFN-y activity. Spriggs (39) reviewed the literature on
soluble cytokine receptors produced by viruses, including
pox viruses (e.g., smallpox), herpes viruses (including
herpes simplex and potentially carcinogenic herpes viruses),
and flu viruses (e.g., influenza A). Basler et al. (40) reported
that Ebola virus induced the production of a protein that acts
as an IFN inhibitor. It thus appears that a "virus-versus-
host" defense system is based on inducing the production
of free-circulating IFN receptors as well as other cytokines
and IFN antagonists. In a series of 91 patients with cancer,
free-circulating IFN-cx/~ type 1 receptors were found. The
highest levels were observed in patients with adenocarci-
nomas, in the order: uterus > prostate > colon > ovary >
breast cancer. They were all significantly higher than
levels in 25 normal volunteers (Fig. 1; Ref. 41). A number
of other types of cancer were also seen to have increased
circulating IFN-cx/~ type 1 receptors, but, in each case, the
number of patients studied was too small to draw definite
Conclusions. As individual categories, they were not in-
cluded in Figure 1. Nevertheless, they were included in the
"all neoplastic disorders" column. In these studies, IFN
receptors were determined by the method of Novick et al.
(25,26,42,43).

As was indicated above, neoplastic tissue, the circula-
tion of patients with neoplastic, autoimmune, or severe viral
disorders contain high levels of PgEz which inhibits IFN
synthesis and activity (1, 4-6).

Neoplastic tissue also contained high levels of cAMP-
phosphodiesterases, which decrease IFN synthesis (5-7).
Even though PgEz increases cAMP production, this effect is
apparently offset by the high levels of cAMP phosphodi-
esterases.

In addition to these factors, a protein was isolated by
50% ammonium sulfate precipitation, which was a strong
inhibitor of IFN activity, in the order: IFN-cx > IFN-~ >

Figure 1. Free circulating IFN·~~ type 1 receptors in patients with
cancer.

IFN-y. However, no IFN inhibitory activity could be
demonstrated against bovine and feline IFNs. This in-
hibitory activity was not caused by any nonspecific
cytotoxicity to the test cells.

In an inhibitor assay, the loss of IFN antiviral activity
could be caused by either direct complexing of the IFN inhib-
itor moiety with IFN or the inhibitor modifying the response
of treated cells by either blocking the IFN receptors or in
some way modifying the cell surface properties that sub-
sequently blocks the expression of the IFN antiviral state. A
series of experiments was done to distinguish between
these possibilities. Test cells were pretreated with an IFN
inhibitory preparation for 24 hrs. IFN antiviral activity was
evaluated on these treated cells, in the absence or continued
presence of IFN inhibitor. In all cases, a significant loss of
IFN antiviral activity was seen, which suggests that IFN
inhibitors can block IFN antiviral activity by complexing with
IFN or by modifying the response of treated cells (3, 28, 30).
The fact that the loss of IFN antiviral activity is caused by an
inhibitor and not by some nonspecific factor(s) was shown
when test cells were treated with a serial dilution of inhibitor
preparation before antiviral assays. The loss of IFN antiviral
activity was always proportional to the concentration of
inhibitor used to pretreat the cells (3, 30).
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It is well recognized that IFN enhances expression of
NKC activity. IFN inhibitor has been shown to eliminate
this IFN-mediated enhancement of NKC (31). nHuIFN-Ct
enhances NKC activity in a standard 5lCr-release assay.
When lymphocytes were treated with inhibitory preparation
prior to their use in NKC assay, no significant loss in NKC
activity was seen. However, when effector cells were
exposed simultaneously to IFN and IFN inhibitor, no
significant increase in NKC activity was seen. This strongly
suggests that the inhibitor is effective in blocking IFN-
mediated enhancement of NKC (28, 30). The possible
mechanism of how the inhibitor blocks IFN-mediated
enhancement of NKC is not yet known.

Because IFNs are proteins, it is conceivable that
inhibitory activity is associated with a high level of protease
activity. Alternatively, the inhibitory activity could be due to
antibody to IFN. Early evidence has shown that neither of
these two possibilities is correct. In several independent
experiments, no loss of inhibitory activity was seen when
it was measured in the presence of different protease
inhibitors, including phenylmethylsulfonyl fluoride, EDTA,
and iodoacetamide. IFN inhibitor preparation was mixed
with each of the protease inhibitors, alone or in combination,
incubating the reaction mixture for 1 hr at 3rC, followed by
dialysis against phosphate-buffered saline. After dialysis,
the inhibitory activity was tested in a standard inhibitor
assay. No loss of IFN inhibitory activity was seen (3, 30).
The possibility that an inhibitor is an antibody to IFN was
evaluated in two separate tests. If the inhibitor is an antibody
to IFN, it should not lose its inhibitory activity at a low pH.
The pH-treated (pH 2.2), dialyzed-inhibitor preparation
lost >60% of its inhibitory activity, which suggests that it
may not be an antibody to IFN. This possibility was further
examined when a preparation containing IFN inhibitory
activity was chromatographed on a phenyl-sepharose CL-4B
column fully saturated with nHuIFN-Ct. If the inhibitor is an
antibody to IFN, then the majority of inhibitor should be
retained on phenyl sepharose CL-4B column fully saturated
with nHuIFN-Ct. The chromatographic behavior of nHuIFN-
Ct on phenyl-sepharose has been well documented (30). This
ligand has strong affinity for nHuIFN-Ct and has been used
for its purification. No IFN inhibitor activity was retained
on a phe~yl-sepharose CL-4B column fully saturated with
nHuIFN-Ct, which further suggests that the IFN inhibitor is
not an antibody to IFN (3, 30).

To overcome IFN resistance in many disease states,
several attempts are being made to inhibit the inhibitors or
to increase endogenous IFN production, also overcoming
the effect of circulating inhibitors. In a preliminary series of
studies (44), double-stranded RNA preparations were used
to increase production of IFN. However, these preparations
proved to be highly toxic in vivo. A series of thiolated
polyI:polyC preparations was also explored. At 7.4% thio-
lation, a preparation termed polyI:polyMPC induced IFN-Ct,
-B, and -y in tissue culture and in vivo animal experiments;
this was of minimal toxicity in animal studies. Further ex-

ploration of methods to overcome IFN inhibitory activity in
certain disease states appears to be well justified.

There are at least 12 species of IFN-Ct, and a large
number of additional IFNs were recently identified; 50
different IFNs are called "ultra-If'Ns" («, ~, y, and 8). Many
artificial derivatives are also under study. Many of these
have unique characteristics, greater potency, lesser potential
for adverse effects, lesser immunogenicity, and cross-
species activity. Sustained-release protein delivery methods
and preparations for local intratumor injections are also
under study. The effect of IFN inhibitory factors on these
newly discovered agents are not yet known. Most of these
studies are being carried out by the PBL Therapeutics Co.
(Piscataway, NJ) and are unpublished. New IFNs are of
special interest, because it is hoped that some will overcome
recently discovered IFN resistance mechanisms. In Kaposi
sarcoma, the K9 gene of KSH virus appears to encode an
IFN regulatory factor that also binds P53, preventing its
being phosphorylated and activated. Another related gene,
ORF45 , inhibits IFN production. The production of IFN
regulatory factors may also down-regulate Fas-ligand ex-
pression, resulting in the inhibition of activation-induced cell
death (45-48).

There are some pharmacologic incompatibilites of IFN
therapy that should be briefly mentioned. Daubresser et al.
(49, 50) reported that heparin inhibits some of the IFN-Ct
activities, whereas the heparin-binding protamin molecule
has stimulatory effect. Cortisol appears to decrease IFN-Ct
activity (51). The further study of natural, disease-induced,
and pharmacologic IFN antagonism and its relief appears to
be well justified.
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