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Abstract

Oromucosal cytokine therapy allows large amounts of cytokines to be administered with improved outcome
and without dose limiting toxicity. Orally administered cytokines exert their effects by a novel two pronged
mechanism of action. Firstly, specific populations of immuno-competent effector cells are activated in the oral
cavity and migrate to the site of virus replication. Secondly, chemokines produced in the lymphoid tissue of
the oral cavity enter the peripheral circulation and redirect activated lymphocytes to eliminate virus infected
cells. Oromucosal IFN therapy constitutes an alternative and improved means of therapy for diseases such
as chronic viral hepatitis which are currently treated parenterally with IFNα. The oral route also has
obvious advantages for ease of administration and improved patient compliance. Furthermore, the availability
of a well tolerated form of IFN therapy will also allow Type I IFNs to be used for the treatment of diseases
such as upper respiratory tract virus infections, for which parenteral IFN therapy is currently precluded due
to unacceptable toxicity.(Korean J Hepatol 2002;8:125-131)

Introduction

Type I interferons (IFNα and IFNβ) play an

important role in host defense against virus

infections, and in the establishment of the innate

immune response prior to the production of

specific anti-viral antibodies. Recombinant IFNα

is used widely in clinical medicine as an

antiviral,
1
and antitumor agent,

2
and recombinant

IFNβ is also used for the treatment of remitting

relapsing multiple sclerosis.
3

The results of

numerous clinical studies have shown that the

greatest clinical benefit is usually observed at

the highest doses of interferon tested, although

toxicity is frequently the limiting factor in the

clinical application of IFNs.
4

Although various parenteral routes are used

to administer IFNs, in general the oral route has

not been used because IFNs are not absorbed in

appreciable quantities in their native form.
5-7

There are, however, a number of anecdotal

reports on the oral administration of low doses
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of IFNs in patients with infectious diseases,

and neoplasia,
8

and recent reports from our

laboratory have shown that IFNs exhibit dose

dependent antiviral and antitumor activity

when administered orally, via a mechanism

which appears to involve activation of cellular

immunity.
7,9

Thus, oromucosal administration of

IFNα and IFNβ was shown to inhibit the

replication of both RNA viruses including

Encephalomyocarditis Virus (EMCV), Vesicular

Stomatitis Virus (VSV), DNA viruses including

Varicella Zoster Virus (VZV) and a variety of

transplantable tumors.
9
Our results show that as

in the case of parenteral administration the

greatest clinical benefits of oromucosal IFN

therapy are observed at the highest doses of IFN

tested. We have also shown that very high

doses of IFNs can be administered by the oral

route without the dose limiting myelosuppression

which occurs when the same doses of IFN are

administered parenterally.
7
These results suggest

that oromucosal IFN therapy may provide a

means of obtaining an improved clinical response

and toxicity profile in existing indications and

open the way for the use of IFNs in indications in

which toxicity has previously precluded their use,

including upper respiratory tract virus infections.

I. The Effect of Oromucosal Adminstration of

Type I IFN on Host Resistance to Virus Infection

Interferonα administered by the oromucosal

route was found to be highly effective in

protecting mice challenged intraperitoneally with

EMCV, which gives rise to a rapidly progressive

fatal disease characterised by central nervous

system involvement and encephalitis.
9

Administration of IFNα by the oromucosal

route resulted in a dose dependent increase in

the survival of mice when therapy was started

after infection of animals with a 100 LD50 of

EMCV. Thus, 20% of the animals treated once a

day for 4 days with a dose of 2 IU of IFNα and

100% of the animals treated with 100,000 IU of

IFNα respectively, survived infection with a

lethal dose of EMCV.
9
Both a natural mixture of

multiple IFNα and β subtypes and single

recombinant species of IFNα and IFNβ were

found to be equally active in this model.

Oromucosal IFN therapy was as effective as

parenteral IFN therapy in this rapidly lethal

acute systemic virus infection in animals

infected with a low viral load, but ineffective in

animals infected with a high viral load.
10

Again,

in contrast to parenteral IFN therapy,

oromucosal IFN therapy was ineffective when

administered prior to virus infection.
9
In common

with parenteral IFN therapy the antiviral activity

of oromucosal IFN a therapy was dependent,

however, upon the presence of functional high

affinity IFN receptors.
9
These results suggest

that the mechanism of action of oromucosal IFN

therapy may be different from that of

parenterally administered IFN. Oromucosal IFN

α therapy was also effective in protecting

animals infected with a lethal dose of Vesicular

Stomatitis Virus (VSV)
9
. Oromucosal IFNα

therapy has also been shown to inhibit the

replication of DNA viruses such as Cytomegalo

Virus
11
, and Varicella Zoster Virus.

9

II. The Effect of Oromucosal Adminstration of Type

I IFN on Host Resistance to Neoplastic cells

Treatment of animals with IFNα administered

by the oromucosal route markedly increased the

survival time of mice injected with highly

malignant Friend erythroleukemia cells which
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metastasise to both the liver and spleen. Thus,

treatment of animals with murine IFNα by the

oromucosal route resulted in a dose dependent

increase in the number of animals surviving

inoculation with a lethal dose of FLC. At the

highest dose of IFNα tested (100,000 IU) more

than 50% of the animals were alive more than

100 days after inoculation of twenty thousand

LD50 of Friend leukemia cells.
9
These animals

may be considered to be cured despite cessation

of interferon treatment after only 20 days, as

histopathological examination of the major

lymphoid and non lymphoid organs of interferon-

treated animals 100 days after inoculation of one

hundred thousand Friend leukemia cells (20,000

LD50) revealed the absence of detectable tumor.

In contrast, all the untreated animals and

animals treated with control preparations died

within 10 to 11 days of inoculation of the tumor

cells with a massive tumor burden.

Both single recombinant species of IFNα, IFN

β, IFNγ, and a natural mixture of IFN α/β

subtypes exhibit marked antitumor activity in

this model when administered by the oromucosal

route. Oromucosal IFN therapy was found to be

at least as effective, if not more effective, as

commonly used parenteral routes of administra-

tion, including intravenous, intramuscular, and

subcutaneous injection.

The antitumor action of oromucosal interferon

therapy is not restricted to Friend leukemia but

is also observed in mice inoculated with other

transplantable tumors such as the L1210 leukemia,

which has no known viral etiology, the EL 4

solid tumor, and the highly metastatic B 16

melanoma.
9

V. Pharmacokinetics and Pharmacodynamics of

Oromucosal IFN therapy

Oromucosal administration of recombinant IFN

α protected animals against the lethal effects of

EMCV infection in the absence of detectable

levels of native biologically active IFN in the

serum even after oromucosal administration of

very high doses of radiolabelled recombinant

IFNα.
7
In keeping with these results no increase

in either 2’-5’ oligoadenylate synthetase activity,

nor major histocompatibility complex (MHC)

class I antigen expression was observed in

either peripheral blood mononuclear cells

(PBMC) or splenic lymphocytes from animals

treated with very high doses of IFNα by the

oromucosal route, even though marked increases

in MHC class I antigen expression were

observed in the cells of the oral cavity taken

from the same animals. In contrast, treatment of

animals with very low doses of IFNα by the

intraperitoneal route resulted in very marked

increases in 2’-5’ oligoadenylate synthetase

activity and MHC class I antigen expression .
7

VI. Tth Effect of Oromucosal Adminstration of

Type I IFN on Hematology and Blood

Biochemistry of Normal Animals

Oromucosal administration of doses of IFN α/

β, corresponding to a human dose equivalent of

350 million international units, based on body

weight, was without effect, or at most exhibited

only a minimal effect, on a wide range of

hematological and biochemical parameters of the

peripheral blood of normal uninfected animals,

and did not inhibit the number of granulocyte-

macrophage colonies harvested from the bone

marrow of IFN treated animals.
7
In contrast,

parenteral treatment of adult mice in the same

experiment with increasing doses of mouse IFN

α/β resulted in a dose dependent inhibition of
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the number of circulating peripheral blood

leukocytes and the number of granulocyte-

macrophage colonies harvested from the bone

marrow of IFN treated animal.
7

The absence of detectable myleosuppression in

animals treated by the oromucosal route with

a dose of IFN α/β which caused a marked

bone marrow suppression when administered

systemically, and which would be expected to

cause profound myleosuppression in man (human

dose equivalent 340 million IU), suggests that

very high doses of type I interferons can be

administered by the oral route without dose

limiting myelosuppression.

VII. Mechanism of Action of Oromucosal

Cytokine Therapy

Interferons exert their characteristic biological

activities by binding to high affinity receptors

on the cell surface resulting in the rapid tyrosine

phosphorylation and activation of signal

transducers and activators of transcription

(STAT’s) which regulate the transcription of

interferon responsive genes. Thus, several IFN

a, responsive genes, have been shown to encode

proteins implicated in the antiviral action of

Type I interferons including the Mx protein, 2’,5’

oligoadenylate synthetase, Rnase L, and protein

kinase R.
12

Although activation of interferon

responsive genes, directly within virus-infected

cells, is thought to play an important role in the

antiviral activity of the interferons, it is

becoming increasingly clear that the indirect

immunomodulatory activities of Type I

interferons play a decisive role in their antiviral

activity particularly in chronic virus infections.

Thus, type I interferons produced by cells of the

innate immune system in response to virus

infection induce the differentiation and activation

of dendritic cells (DC), the principal antigen

presenting cells, which then leave the peripheral

tissues and migrate to the lymphoid organs to

initiate the adaptive, antigen specific, immune

response. Type I IFNs also enhance major

histocompatibility complex (MHC) class I

antigen expression, natural killer (NK) cell

activity, and T-cell cytotoxicity all of which

play an important role in eliminating virus

infected cells.
13

The cytotoxic CD8+ T-cell

response, which kills cells displaying viral

peptides presented by MHC class I antigens, is

the major effector arm of the adaptive immune

response against virus infection, and IFN a

produced by virus infected cells enhances both

antigen-specific T-cell activation and the

proliferation of bystander CD8+ T-cells.
14

Thus, cell-mediated immunity in which

macrophages/NK cells (CD16) cells predominate,

has been shown to play a decisive role in the

antiviral action of IFN α2 in patients infected

with human papillomavirus.
13

Cell-mediated

immunity is also considered to play an important

role in the action of IFN α2 in patients with

chronic viral hepatitis.
1

Although direct induction of antiviral proteins

in virus-infected cells is particularly important in

the host response against acute virus infections,

such direct effects are unlikely to account for the

antiviral activity of oromucosally administered

IFNs against a virus such as EMCV, which

replicates in the central nervous system, since

we have shown that IFNs are not absorbed in

appreciable quantities in their native form.
7

Available evidence suggests that the antiviral

activity of oromucosally administered IFNs is

indirect and appears to involve activation of

cellular immunity.
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We have also shown that a number of TH1

cytokines in addition to type I interferons exhibit

antiviral or antitumor activity when administered

orally, including IFNγ, IL-2, IL-12, IL-15, and

IL-18, while TH2 cytokines, including IL-4, IL-5,

IL-10 and IL-13 are inactive.
15

The use of transgenic mice containing an

enhanced green fluorescent protein (EGFP)

reporter gene under the control of an interferon

responsive chimeric promoter allows IFN

activated cells to be readily identified. The use

of these transgenic animals has shown that

oromucosal IFN therapy results in a massive

migration of cells with predominately γ/δ

T-cell, NK 1.1, and CD11b
+high

phenotypes to the

site of tumor cell multiplication. Our results

show that certain of these cells including γ/δ

T-cells, which are known to play a key role in

tumor immune surveillance were activated

directly by IFNα in the oral cavity prior to

entering the peripheral circulation. The majority

of cells have been activated, however, by an

indirect mechanism which involves the induction

of chemokines including Crg2 (IP10) which are

known to regulate the migration of immuno-

competent cells, including activated T-cells,

within the body.

To fully characterise the secreted proteins

induced by oral IFN therapy which may mediate

the systemic antiviral and antitumor effects

observed, we have analysed gene expression in

the lymphoid tissue of the oral cavity of mice

treated with recombinant IFNα. Gene expres-

sion was also studied in mice treated with the

structurally unrelated TH1 cytokine, IL-15.

To date approximately, 96,000 PCR products

from both IFN treated and control animals have

been compared. This led to the identification of

136 putative IFN induced sequences, 20 of which

corresponded to known genes not previously

shown to be IFN responsive and 10 previously

unidentified mouse genes. The human gene

analogues of these novel IFN responsive genes

have also been isolated and shown to be absent

from the data banks. A number of the proteins

encoded by these IFN responsive genes have

been expressed and their biological function

characterized.
16

These novel proteins include

putative antiviral proteins and proteins involved

in the induction of apoptosis. The remaining IFN

responsive genes are in various stages of

characterisation.

In summary, oromucosal administered IFNα

binds to high affinity receptors on the surface of

lymphoid cells of the oral cavity leading to

activation of IFN responsive genes resulting in

both the activation of specific populations of

immuno-competent cells which migrate to the

site of virus replication or tumor cell

multiplication, and the production of chemokines

which enter the peripheral circulation and

redirect lymphocyte trafficking to eliminate virus

infected cells or tumor cells.

VIII. Clinical Applications of Oromucosal

Cytokine Therapy

The results of numerous clinical studies have

shown that the greatest clinical benefits of

parenterally administered IFNs are usually

observed at the highest doses of interferon

tested whether in virus infections or neoplastic

disease. Toxicity is frequently the limiting

factor, however, in the clinical application of

interferons.
4

Thus, in patients with chronic

hepatitis C although a greater sustained clinical

response is observed in patients treated with 10

million IU than in patients treated with 3 million
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IU of IFNα, only a limited number of patients

are able to tolerate the higher dose regimen.
1

Indeed, it is only in very few indications, such

as hairy cell leukemia, that clinical benefits are

obtained at a dose that is well tolerated (3

million IU given three times a week). In multiple

myeloma, for example, the response rate is

approximately 50% at a dose of 20 to 30 million

IU given daily, and only 15 to 20% at a daily

dose of 3 million IU. Very few patients,

however, are able to tolerate the high-dose

regimen for more than a short period of time.

Similar findings have been obtained in patients

with low-grade lymphomas treated with 50

million IU twice weekly. In this study 35% of

the patients responded and 10% had complete

remissions. Unfortunately the dose regimen had

to be reduced for 85% of the patients during the

first two months of treatment, but 60% of the

patients who were able to tolerate the high dose

treatment regimen for at least two months

responded favourably to treatment. At a dose of

3 million IU daily, however, the response rate

was only 26% with no complete remissions.
4

We have shown that a human dose equivalent

of approximately 350 million IU of recombinant

IFNα can be administered by the oromucosal

route in the absence of the leukopenia or mylos-

uppression produced by parenteral administration

of the same dose of IFNα, suggesting that

oromucosal IFN therapy may provide a means of

obtaining improved clinical benefit without dose

limiting toxicity.

Available evidence suggests that the antiviral

and antitumor activity of oromucosally admini-

stered IFNs is indirect and appears to involve

activation of cellular immunity. Thus, oromu-

cosal IFN therapy would be expected to be most

effective in chronic disease such as chronic viral

hepatitis, as an alternative to parenterally

administered interferons which are clinically

effective but poorly tolerated. Furthermore, given

the novel mechanism of action of oromucosal

IFN therapy it is probable that oromucosal

therapy will find wide application in combination

therapy with antiviral drugs including lamivudine

and ribavirin for the treatment of chronic

hepatitis B and C respectively. Oromucosal IFN

therapy could also be used to potentiate the

activity of parenteral IFN therapy while at the

same time rendering patients tolerant to the

auto-antibody response which occurs following

repeated injection of IFNα.
17

Oromucosal IFN therapy may well constitute

an alternative and improved means of therapy

for diseases such as chronic viral hepatitis,

neoplastic diseases and remitting relapsing

multiple sclerosis which are currently treated

parenterally with IFNs. The oral route also has

obvious advantages for ease of administration

and improved patient compliance. Furthermore,

the availability of a well tolerated form of IFN

therapy will also allow the Type I IFNs to be

used for the treatment of diseases such as upper

respiratory tract virus infections, for which

parenteral IFN therapy is currently precluded

due to unacceptable toxicity.
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