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This study aims at the development of novel HIV-1 protease inhibitors (PIs), which penetrate into



the central nervous system (CNS) and exert potent activity against wild type HIV-1 (HIV-1WT) and
multi-drug resistant HIV-1 variants (HIV-1MPRs). We identified a newly generated,
two-fluorine-atoms-containing novel PI, KU-241, which exerts unprecedentedly potent activity
against HIV-1WT and HIVMDRg, During the present study period, we attempted to elucidate the pharmaceutical
features of KU-241 in the simian immunodeficiency virus (SIVmac251)-infected rhesus macaques. To this end, we
enrolled naive 12 Indian-origin rhesus macaques. The macaques were divided into two groups of 6 animals each.
Both groups were intravenously (i.v.) inoculated with high-dose SIVmac251. Between days 4 and 16 following the
inoculation, one of the two groups was treated with KU-241 ombined with ritonavir. Ritonavir was used to block
the P450-associated degradation of the new compound. The combined drug treatment was given once daily over 60
days through the intramuscular (i.m.) route, with frequent monitoring for viral loads. Additinally, we also evaluated
the pre-exposure prophylaxis (PrEP) and post-exposure prophylaxis (PEP) efficacy of KU-241. A controlled trial in
men who have sex with men (the iPrEx trial) and the HIV Prevention Trial Network (HPTN) 052 trial indicated that
the PrEP with oral administration of an antiretroviral is a potential method for preventing HIV-1 infection. Prof.
Kawamura’s group constructed the ex vivo model to evaluate PrEP and PEP efficacy of anti-HIV-1 agents. Using
this model, we identified that the PrEP efficacy of KU-241 (ICs50=10 nM) was 10 times stronger than that of DRV
(ICs0=100 nM). The former findings suggest that KU-241 has a potential to be available as microbicide.

KU-241 blocked the replication of HIV-1 with ICso values of attomolar to subnanomolar
concentrations, extremely high genetic barrier, and favorable CNS-penetration capability. Using the
crystal structural analysis, we identified that two fluorine atoms of KU-241 leads to very favorable
F- - +H interactions and highly polarizing halogen bond interactions with amino acids of HIV-1
protease (PR). In recent study, we designed and identified two KU-241 derivatives, GRL-001 and
-003, which had the fluorine atom and showed the anti-HIV-1 activity comparable to KU-241 against
HIV-1WT, Furthermore, we also identified the novel PI, GRL-10413, which was expected to exert the
favorable CNS penetration. As the results of the crystal structural analysis, it was cleared that the
halogen bonds were important roles for the strong binding between these compounds and PR. To
analyze the brain penetration of anti-HIV agents, we compared the mean plasma raltegravir (RAL)
concentrations, the mean CSF RAL concentrations and the mean RAL CSF-to-plasma ratio at 10 min
and 30 min after intravenous dosing of 50mg/kg RAL in wild-type rats with those in MDR1 knockout
rats. The results showed that the mean CSF RAL concentrations and the mean RAL CSF-to-plasma
ratio in MDR1 knockout rats were 1.56 to 4.46 times higher and 1.87 to 3.89 times higher than those
in wild-type rats. The high concentration of CSF RAL in the MDR1 knockout rats might be caused
from decreasing the P-gp expression level, which was important for the blood-brain barrier (BBB).

Presently available combination antiretroviral therapy (cART) for HIV-1 infection and AIDS
potently suppresses the replication of HIV-1 and significantly extends the life expectancy of
HIV-1-infected individuals. However, cART does not benefit those with progressively impairing
cognition such as HIV-associated neurocognitive disorders (HAND). Previously, Oka’s group made
the neuropsychological battery, which was standardized in Japan. In this year, we identified the
HAND patients from 729 HIV-1 infected patients at 17 hospitals in Japan using the standardized
neuropsychological battery. As a result, the prevalence of HAND in Japan was 26%.
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