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Gene therapy of atopic dermatitis and cancer by sustained expression of
interferon-y in mice
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Interferon (IFN)-y, a cytokine with antiviral, immunomodulatory, and antiproliferative activities, has been extensively
studied as a treatment for many diseases, such as viral infections, allergic diseases and cancer. However, a major limitation
in clinical use of IFN-y-based therapy is the short in vivo half-life of IFN-y. Therefore, IFN-y gene transfer has been
considered to be a promising method to overcome this limitation because, theoretically, it should be able to extend the
duration of action of the short-lived cytokine. Previous studies in my laboratory have shown that removal of unmethylated
cytosine-phosphate-guanine (CpG) dinucleotides from plasmid DNA results in the prolongation of transgene expression. A
single injection of pCpG-Muy, a CpG depleted plasmid DNA encoding murine IFN-y, via tail vein using hydrodynamic
injection method resulted in prolonged therapeutic serum concentrations of IFN-y over 1 month. This sustained transgene
expression of IFN-y could be used as a new therapeutic strategy for chronic diseases, but no such attempts have been made
thus far. In this thesis, I aimed to investigate the beneficial effects of sustained exogenous expression of IFN-y in treating

atopic dermatitis and cancer in mouse models. Results are described in the following two chapters.

Chapter 1. Improvement of atopic dermatitis by sustained exogenous expression of interferon-y in NC/Nga mice via Thl
polarization.

Atopic dermatitis is a chronic inflammatory skin disorder characterized by T helper (Th) 2-dominant immunity.
Therefore, any treatment that normalizes the Th1/Th2 balance can be useful for the treatment of this disease. IFN-y, a potent
Thl cytokine with immunomodulatory activity, is suggested to suppress Th2 immune responses. In this chapter, I aimed to
investigate whether sustained expression of IFN-y influences the Th1/Th2 balance under Th2-dominant conditions in
Nishiki-nezumi Cinnamon/Nagoya (NC/Nga) mice, a mouse model of human atopic dermatitis, and is beneficial in
preventing and treating the disease.

Section 1. Sustained expression of interferon-y ameliorates the development of atopic dermatitis.

To examine whether the sustained supply of IFN-y is effective in preventing the onset of atopic dermatitis, pCpG-Muy or
pCMV-Muy, a conventional short-term expression plasmid, was injected into the tail vein of NC/Nga mice without
dermatitis. A single hydrodynamic injection of pCpG-Muy at a dose of 0.05 pmol/mouse resulted in a sustained
concentration of IFN-y in the serum, and the concentration was maintained at more than 300 pg/ml over 80 days. This was
associated with an increase in the serum concentration of interleukin (IL)-12, reduced production of immunoglobulin (Ig) E,
and inhibition of mRNA expression of IL-4, -5, -13, and thymus and activation-regulated chemokine in the spleen. These
immunological changes were not clearly observed in mice receiving two injections of 4.68 pmol pCMV-Muy, because of the
transient nature of the expression from the vector. The mice receiving pCpG-Muy showed a significant reduction in the
severity of skin lesions and in the intensity of their scratching behavior. Furthermore, high transepidermal water loss,

epidermal thickening, and infiltration of lymphocytes and eosinophils, all of which were obvious in the untreated mice, were




significantly inhibited. These results indicate that an extraordinary sustained IFN-y expression induces favorable
immunological changes toward Th1-dominant state, which resulted in ameliorating the development of the disease.

Section 2. Sustained interferon-y expression improves symptoms of acute phase of atopic dermatitis.

In this section, I aimed to investigate whether the sustained IFN-y gene transfer is also beneficial in treating atopic
dermatitis. NC/Nga mice with early dermatitis were transfected with pCpG-Muy by a hydrodynamic tail vein injection at a
dose of 0.05 or 0.2 pmol per mouse. The skin lesions improved only in mice receiving the high dose of pCpG-Muy. IFN-y
gene transfer resulted in a high mRNA expression of [FN-y and IL-12 and regulatory T cell (Treg) related cytokines, such as
IL-10 and transforming growth factor-f, in the spleen, whereas it reduced the IL-4 mRNA expression, and serum levels of
IgG1 and IgE. In addition, the gene transfer markedly inhibited the epidermal thickening, infiltration of inflammatory cells
into the skin, the occurrence of dry skin and pruritus. No exacerbating effects on the Thl-mediated contact dermatitis were
observed after IFN-y gene transfer. Taken together, these results indicate that sustained IFN-y gene transfer induced
polarized Thl immunity under Th2-dominant conditions in NC/Nga mice, leading to an improvement in the symptoms of

acute atopic dermatitis without adverse side effects.

Chapter II. Effects of highly upregulated indoleamine 2,3-dioxygenase 1 on anti-tumor activity of interferon-y gene
transfer in tumor-bearing mice.

IFN-y elicits anti-tumor activity, but it also induces the expression of indoleamine 2,3-dioxygenase 1 (IDOI), a
tryptophan-metabolizing enzyme involved in the induction of tumor immune tolerance. In this chapter, I demonstrated that
IFN-y gene transfer greatly increased the mRNA expression of IDO1 in many tissues. This upregulation was associated with
reduced tryptophan levels and increased kynurenine levels in serum, indicating that IFN-y gene transfer increased the IDO
activity. Then Lewis lung carcinoma (LLC) tumor-bearing wild-type and IDO1 knockout (IDO1 KO) mice were used to
investigate the effects of IDO1 on the antitumor activity of IFN-y. IFN-y gene transfer significantly retarded the tumor
growth in both mouse strains without significant difference in tumor size, although the IDO1 activity was increased only in
the wild-type mice. Interestingly, IDO1 mRNA expression in the LLC tumor of IDO1 KO mice tended to increase by IFN-y
gene transfer, suggesting that the IDO1 expression in LLC cells was upregulated. Taken together, these results imply that

IFN-y gene transfer-mediated IDO1 upregulation hardly affect the antitumor activity of IFN-y.

In conclusion, I demonstrated that sustained expression of therapeutic levels of IFN-y was effective in preventing the
onset of atopic dermatitis and improving the symptoms of the disease via Thl polarization in the atopic dermatitis model. In
addition, I also found that the sustained IFN-y expression greatly upregulated IDO1, but this immune modulatory protein
hardly affected the tumor growth in LLC tumor-bearing mice. Thus, this study provides evidence that IFN-y gene transfer

can be a useful treatment for the diseases.
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