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Various immunosuppressive drugs have been developed to suppress rejections occurring at the time
of organ transplantation and engrafting grafts. The current standard immunosuppressive protocol
consists of three drug groups, calcineurin inhibitors (CNIs), corticosteroids, and mycophenolate
mofetil (MMF). In particular, CNIs, tacrolimus and cyclosporin are the most important cornerstone
on the basis of their significant effectiveness. However, the use of CNIs is limited due to their side
effects, such as nephrotoxicity. In addition, the improvement of long-term allograft survival by
control of chronic rejection is another unmet medical need in transplant medical treatments because
current immunosuppressive drugs cannot control graft loss due to chronic rejection, such as
interstitial fibrosis, tubular atrophy, glomerulosclerosis and intimal thickening. The nephrotoxicity

by CNIs is considered as one of the causes of chronic rejection. Therefore, new drugs that can
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Pharmacological studies on immuno-
suppressive effects of the novel JAK
inhibitor on allograft rejection in pre-
clinical transplantation models
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suppress chronic rejection is important to improve the long-term prognosis of transplanted graft.

The Janus kinase/signal transducer and activator of transcription (JAK/STAT) families in mammals
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consist of four JAK members, namely JAK1, 2, 3 and tyrosine kinase 2 (TYK2). These kinases are
intimately involved in signal transduction from immune cell surface receptors, particularly cytokine
receptors such as IL-2, IL-6, IL-12, IFN-y and erythropoietin. Accordingly, JAK families have been
intensely studied as promising targets for the treatment of rheumatoid arthritis, inflammatory bowel
disease, transplant rejection and other immune-mediated disorders. Currently, tofacitinib, balicitinib
and peficitinib have been approved as therapeutic drugs for rheumatoid arthritis. In transplantation,
tofacitinib significantly improved allograft rejection in renal transplant patients, but has not been
launched as a drug for allograft transplant rejection because of adverse outcomes by the
overexposure. Several JAK inhibitors have demonstrated immunosuppressive efficacy against acute
rejection but not chronic rejection in preclinical studies. Therefore, it is still unknown whether JAK
inhibitors have the therapeutic potential to prevent chronic rejection.

We generated AS2553627 as a novel and potent JAK inhibitor. Here, the aims of this investigation
are to evaluate its efficacy against not only acute rejection but also chronic rejection in rat and
monkey transplantation models and to investigate the potential as a therapeutic agent to achieve
CNI-sparing for transplantation.

Firstly, we compared the in vitro pharmacological profiles of AS2553627 with those of the existing
JAK inhibitors tofacitinib and peficitinib to reveal the characteristics of AS2553627 as a JAK
inhibitor. AS2553627 inhibited JAK kinases activity without inhibitory effects on any other kinases.
The ICso values for JAK kinases activity of AS2553627 were lower than those of tofacitinib and
peficitinib. IL-2 is an important cytokine in acute rejection which activates JAK1 and 3 and regulates
the growth and differentiation of T cells. AS2553627 potently inhibited rat and human T cell
proliferation by IL-2 stimulation compared with tofacitinib and peficitinib. Next we evaluated the
preventive effect on acute rejection in a rat cardiac transplant model. Oral administration for 14 days
of AS2553627 alone or co-administration with a sub-therapeutic dose of tacrolimus effectively
prolonged allograft survival times, suggesting the synergistic effect with tacrolimus on acute
rejection.

To evaluate the effect on chronic rejection in cardiac transplantation, recipients were administered a
therapeutic dose of tacrolimus for 90 days. In combination with tacrolimus, AS2553627 significantly
reduced allograft vasculopathy and fibrosis that optimal dose of tacrolimus could not inhibit. Renal
transplantation is the most common among all organ transplantation. We evaluated the effect of
AS2553627 on chronic rejection in a rat renal transplantation model and conducted multilateral

analysis to reveal the detailed mechanism of action of AS2553627 on chronic rejection. AS2553627
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in combination with tacrolimus exhibited low plasma creatinine and a marked decrease in urinary
protein and kidney injury markers. At 13 weeks after transplantation, AS2553627

also inhibited chronic allograft histopathological changes such as glomerulosclerosis, interstitial
fibrosis and tubular atrophy. In addition, upregulation of cell surface markers, fibrosis and
inflammation-related genes were reduced by AS2553672, particularly CD8 and IL-6 mRNAs,
indicating that AS2553627 prevented cell infiltration and inflammation in renal allografts. These
data in rodent transplantation models suggest the therapeutic potential of AS2553627 to prevent the
development of acute and chronic rejection and improve long-term allograft survival after
transplantation.

Organ transplantation in non-human primates (NHPs) has been extensively used to test new
immunosuppressants because immune system and physiological features in NHPs closely resemble
those in humans. MMF has been used as a standard immunosuppressive therapy as well as
tacrolimus, but often causes gastrointestinal adverse effects. To improve long-term graft survival,
new immunosuppressive drugs that can replace MMF in combination therapy with low-dose CNIs
are needed. Thus, we investigated the efficacy of AS2553627 in combination with a sub-therapeutic
dose of tacrolimus on allograft rejection in a monkey renal transplantation model. Furthermore, we
investigated the possibility of replacing MMF with AS2553627 by comparing with the efficacy of a
clinically relevant dose of MMF. In combination therapy with tacrolimus, pharmacokinetic analysis
indicated that MMF 20 mg/kg/day achieved the clinical target exposure and prolonged allograft
survival, with median survival time (MST) of 24 days. Oral administration of AS2553627 in
combination with tacrolimus significantly prolonged allograft survival to MST of > 90 days with low
plasma creatinine levels. Histopathological analysis indicated that acute T cell-mediated rejection
events such as vasculitis and interstitial mononuclear cell infiltration were significantly inhibited by
AS2553627 compared with MMF. All AS2553627-treated monkeys surviving > 90 days exhibited
less interstitial fibrosis and tubular atrophy than MMF-treated monkeys. These results suggest that
AS2553627 replacing MMF is an attractive CNI-sparing strategy to prevent renal allograft rejection.

In the present study, we generated a novel JAK inhibitor, AS2553627, which has potent inhibitory
activities on JAK kinases and the suppressive effect on T cell activation compared with existing JAK
inhibitors. AS2553627 monotherapy or combination with sub-optimal dose of tacrolimus strongly
prevented acute rejection in rat cardiac and monkey renal transplantation models. These results
suggest that AS2553627 can achieve CNI-sparing to reduce the CNI-toxicity which is currently a

problem in the clinical settings. Furthermore, AS2553627 also inhibited chronic allograft rejection

(3)



such as vasculopathy, fibrosis, tubular atrophy and glomerulosclerosis which were found in
long-term survived animals. Taken together, AS2553627, a novel JAK inhibitor has the therapeutic

potential to meet current unmet medical needs in transplantation.
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