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Purpose Conclusions

The objective of these studies was to evaluate the prophylactic therapeutic * AVI-7100 is effective against influenza A (HIN1 and H3N2) in both mouse and ferrets when administered prior to viral challenge.
utility of AVI-7100 for influenza A. » Chemoprophylaxis with AVI-7100 is effective and the effects are long lasting.
* The respiratory elimination of AVI-7100 is zero order which corresponds to the duration of prophylactic protection .

Abstract

AVI-7100 is a phosphorodiamidate morpholino oligomer containing three BaCkground

modified linkages (PMOplus) that is designed to interfere with expression of the . . )
M1 and M2 genes of influenza A virus. AVI-7100 Targets a Highly Conserved Viral Sequence in Influenza A AVI-7100 Eff|Cacy StUdleS Summary'

Methods. A single 0.1 mg intranasal (i.n.) dose of AVI-7100 was administered to (subscripts indicate percent conservation at that sequence position):
female BALB/c mice (n=10/group) at 7 days, 3 days or 4 hours prior to viral
challenge with 5 X 10° pfu of A/Port Chalmers/1/73 (H3N2). Lung viral load was
determined on day 6 post infection. In a separate study, a single i.n. dose was NCBI Influenza Virus Resource (11/10/2009)

1. Effective in mouse and ferret after single i.n. administration.
Effective in mouse and ferret after daily (4-6) i.p. doses .
3. Effective against neuraminidase resistant pH1N1 (A/Hong
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administered to mice infected with A/PR/8 (H1N1) and plasma and lung oligomer (database utilized for sequence analysis): g/' , / )
. . . H1N1 - 845 seqs from humans 4. Effective in immune suppressed (CD4 depleted) and
concentrations were determined. Outbred ferrets (Mustela putorius furo; HIN1 (S-OIV) — 77 from human ,
(S-O1V) = 775 segs from humans autoimmune (EAE) mouse models
n=7/group) were administered AVI-7100 as a single i.n. dose at 7 days, 5 days, 3 H5N1 — 947 seqs from all species & Effective in blocki 1t . (see i below)
. : : . : - i i : ective in blocking viral transmission (see figure below
days or 4 hours prior to insufflation viral challenge with 5 X 10° pfu HIN1 A/Hong Egsg_iigsfgzgnfrour;“:nssg‘el\:;rth America & g
Kong/2369/09 per ferret. Negative control groups were treated with saline and H2N2 — 107segs from all species
positive controls were administered oseltamivir at 10 mg/kg p.o. every other day H7N7 - 35seqs from all species
. . . . AVI-7100 Prevents Transmission of Oseltamivir Resistant pH1N1
beginning 7 days prior to infection. ¢ om Infected to Naive Ferrets P
Results. A single intranasal dose of AVI-7100 (0.1 mg/mouse) administered 7 AVI-7100
days, 3 days or 4 hours prior to infection with A/Port Chalmers/1/73 (H3N2) mmmmm_m_
significantly (p<0.05) reduced lung viral titers in each group compared to vehicle e AVI-7100 3 mg/kg in.  -1D,0D, 1D, 2D,3D, 4D, 5D 6; 2 infected, 4 naive
controls and oseltamivir treated mice. PMOplus concentrations in the lungs of . ;; 2 Saline - in.  -1D, 0D, 1D, 2D, 3D, 4D, 5D 6; 2 infected, 4 naive
mice following a single insufflation dose follow zero order elimination and tissue e N . |
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concentrations above the AVI-7100 EC50 are maintained for greater than three } o # } 0, i 10- o 4-
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days. In the ferret, a single i.n. dose of AVI-7100 administered 7 Days, 5 days, 3 e [ e S 8- 3 o sane
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days or 4 hours prior to exposure with A/Hong Kong/2369/09 (an oseltamivir }]/W E] e F]/NTL [5 g © :
istant pH1N1) significantly (p<0.05) reduced lati iral load i I h s WS G o e = 4 & 21
resistant p significantly (p<0.05) reduced cumulative viral load in nasal was I, g W Ot 1 < 1Y 8
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treated ferrets. The decrease in viral load in nasal wash samples was directly e < e P ) § & S 2 0 2z & &
tional to the interval of time bet hylactic treatment and viral e w N N A T & ® & pave
proportional to the interval of time between prophylactic treatment and vira }TT ) }j/y ) Ireatment Groure
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exposure (a zero order reduction in activity). A peteo Lo o % T AP One Way ANOVA b= 0.0004 One Way ANOVA p=0.0021
ConC|USi0nS AV|'7100 |S effeCt|Ve aga|n5t |nﬂuenza A (HlNl and H3N2) and |n \koj/N\g/NH izj 2N>\/NH \koj/N NL/\N 2 ESO CH, Newman-Keuls Multiple Comparisons: Newman-Keuls Multiple Comparisons:
both mouse and ferrets after a single intranasal dose for up to seven days prior to o e, T oy e e o0 " oo e 00 005
Jj T - P , p
viral exposure. Zero order elimination of AVI-7100 from the lung was observed. R N ¢ st P e R P>

These observations support the prophylactic use of AVI-7100 in preventing
influenza A infection.
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The 2009 pandemic influenza (H1N1) virus spread worldwide despite attempts at Table 1. Study Design for Balb/c Female Mice infected with [ 'E_ e s
containment including isolation, quarantine and screening. Vaccines proved to A/Port Chalmers/1/73 (H3N2) via the intranasal route :’m; J_
be of limited utility resulting in incomplete global protection. Chemo-prophylaxis mmmmm E = 4
with oseltamivir reduced the number of cases attributable to the index case from 1 Saline 3D, -4H
1.91 before chemoprophylaxis to 0.11 after chemoprophylaxis (Lee et al., 2010). 5 Oseltamivir 10 10 mg/kg/dose!  p.o.  -7D, -3D, -4H 3
Chemoprophylaxis for household transmission of influenza and may represent a 3 AVI-7100 10 5 mg/ke? in. 7D &}“ @ ,g:r 5} '.53‘ }b jg 5}
“ring prophylaxis” strategy for upcoming pandemics. PR ey — 10 5 ma/ke 1 @ Tﬂhﬁ% ﬂ@“ ﬂ@“@@@ﬁ:@@ﬁ@@:@
5 AVI-7100 10 5 mg/kg i.n. -4H f*}' ?* "i\ 4*.9- .;a @_a g
Post-exposure prophylaxis with oseltamivir was linked to emergence of an H275Y P V- - 5 mg/kg/dose n. 7D, -4H ?‘fﬁkeﬁ 0
mutation in the neuraminidase protein. This mutation resulted in an increase in . AVI-7100 10 5 me/kg/dose in.  .7D,-3D, 4H ot Groune
the 50% inhibitory concentration of oseltamivir from 0.27 nM to >400 nM but the g S— 10 5 mg/ke/dose S [ P
virus remained susceptible to zanamivir (Baz et al., 2009). The H275Y mutation is o § ;'g“redl;”_‘;‘v"noo "e]f'“CEd '“r;%"';a[')t'te;'”4‘;ema'§§a'g/[)c ”;'ﬁe when ad?'”'Stere‘;Dm'
. . . ! dose volume 200 pl/dose iortoi ti - - - + + jor to i ti - -
also observed in seasonal HIN1 and avian H5N1 strains (Dharan et al., 2009; 2 dose volume 50 pl/dose » NG &7 PriOT 10 INTECHON (-/D, -3D, an ) or = AT PHON TO InTet !On.( !
. . _ _ T 3D, -4H). Single asterisk indicates p < 0.05 versus oseltamivir and double asterisk indicates
delong eg al., 2005). The fact that resistance is a point mutation away may limit 0<0.05 versus saline.
the utility of neuraminidase inhibitors for chemoprophylaxis.
An urgent need exists for new forms of treatment for influenza A based on (a) the Ferret
known propensity of this virus to undergo both continuous low-level antigenic — T Vehicle
drift and less frequent but unpredictable major antigenic shift leading to %‘ 1500-
pandemic disease, (b) the clear failure of vaccination, even when strains are Table 2. Study Design for male Mustela putorius furo infected with T Oseltamivir
reasonably matched, to prevent influenza-related illness in a significant A/Hong Kong/2369/09(H1N1) via the intranasal route* Z 1000-
proportion of vaccine recipients, and (c) the increased frequency of resistance to mmmmm i
approved forms of therapy for influenza (e.g., the adamantane derivatives and, 1 Saline 7 7D, -5D, -3D, -1D g 500-
more recently, the neuraminidase inhibitor, oseltamivir). 5 Oseltamivir . 10 mg/kg? 0.0. 7D, 5D, -3D, -1D E
3 AVI-7100 7 3 mg/kg3 in. -7 Day = 0 | | | |
Earlier work with the peptide conjugated phosphorodiamidate morpholino A AVI-7100 7 ) e in. 5 Day -8 -6 -4 -2 0
oligomer (PPMO) identified effective inhibitors of viral titer with doses as low as R I — - 3 me/ke - 3Day Interval (Days)
0.15mg/kg resulting in 1.9 to 2.0 log reduction in lung viral titer and 50 percent e avi7100 > am -
- g/kg i.n. -1 Day . . ) , o .
survival in a lethal challenge mouse model (Ge et al., 2006; Gabriel et al., 2008; © 5108 pfuferet in 200 Figure 2: AV.I 7109 redu'ced nasal wash viral tltgr in rT\aIe ferret§ when administered 7, 5, 3,
¢ . 2008) 2 dose volume 200 l/dose and 1 day prior to infection (-7, -5, -3, and -1D) infection. Blue line represents the
Lupter et al,, . 3 dose volume 200 pl/dose oseltamivir group and the dashed line represents the vehicle control group. A linear
regression fit to these data result in a line with significant slope (p = 0.0059; r2 = 0.9883) and
In 2009, a rapid response project to identify an RNA based therapeutic for indicate a reduction in the AUC TCID50/mL of 150 per day.
pandemic HIN1 was initiated. Funding from the U.S. Department of Defense .
supported the rapid identification, design, and manufacture of therapeutic @ T & Edema 600- -
candidates in less than two weeks, preclinical development of AVI-7100, an S . -~ Consolidation T
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Investigational New Drug (IND) application with the U.S. Food and Drug 5 e Hyaline Membranes 2 E 400+
Administration, and initiation of a Phase 1 clinical trial to obtain human safety s 2 i .:‘? L I
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data. AVI-7100, a PMOplus oligomer, is specifically designed to interfere with a T 20 200
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conserved target across various influenza A strains targeting the expression of the = 3 e
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M1 and M2 genes. 0 . . . . S
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. . Figure 5: Lung concentrations of PMOplus versus elapsed time following intranasal dose to Figure 6: Viral load observations from prophylactic treatment regimens in Figure 1 are
This study was conducted under contract with the Department of mice. Concentrations were determined from uninfected mice at various times after plotted on the Y-axis against observed lung concentrations of PMOplus on the X-axis. The r?
Defense Joint Project Manager Transformational Medical intranasal administration. Elimination profiles reveal a zero order clearance at = 0.98 + 0.08 with slope of 0.002 + 0.0003 change in viral load per nM PMOplus (p = 0.089).
Technologies approximately 4.8 + 1.2 nM/hr (slope significantly different from 0 (p = 0.0014).




