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tiI?a(;]kground. InilfI:enzha pand.emlcs -(t)CCiL-Ji: wher.lda newdstr?tlz em_ergegﬂto whlcz Development of HTS Assay and Pilot Screen Comparison of Inhibitory Activity and Cell Toxicity of Lead Influenza Compounds »Developed a HTS assay using HIV/HA(H5) to screen for HA (H5) inhibitors
= TIEITS POPLIGHON Tlts 110 AN e 1apis spledt OF Hik aiah HIiSLtied - »>dentified 36 HA(H5) specific inhibitors with IC4,<25uM and CCg, >25uM
(H5N1) virus has put more humans at risk of infection and has raised the concern NA t_reatme_nt of the pr_oduc_er 29‘_?’T cells HIV/HA(H5)_ does not require ) & 90 >0
of a new pandemic. In addition, the virus has caused human fatalities in Asia and s required for optimal mfeCt'V'ty trypsm treatment 125 125 »All 36 compounds inhibited cell culture grown intluenza virus (H1IN1)(PR8)
Eumpei T here. > 1o yasLne d gainst this VITHs. Mor.eover’ appearance  of 8 1 0 - _' — —u »The HA Inhibitors identified included multiple clusters of chemically related
neuramlnidase |.nh|b|tor (NAI) resistant !—I5N1 strains highlights the need for new g (% _ T 100 - structures, as well as singletons.
therapeutics. Viral entry is an attractive target for the development of new ‘E s ~ B Without Trypsin @ Trypsin —— _ _
influenza inhibitors since it is an essential step in virus replication. The entry of 3 E S 6 - >Compo_und 2 havmg_ a sulfonamide scaffold was chosen as lead compound
influenza virus into susceptible cells is mediated by the viral envelope protein, @2 4 3 § S 75 S 75 and limited SAR studies were performed
. . . . . . a S =4 - - = . .
hemagglutinin  (HA). In order to discover potential new influenza virus ks > 83 = ~-HIV/HA(HS5) = ——HIV/HA(H5) >Preliminary SARs have suggested that halogen groups (F, Cl) are tolerated on
thergpeutlcs, we identified and partially characterized inhibitors of the HA % 2 %E‘,Z L\i - B Cytotoxicity L\O) " m Cytotoxicity the phenyl ring attached to the sulfonamide N atom, while Me, MeO or EtO is
MEENEHEE] @Y [ProEess 5 3 - ° not tolerated at 2-, or 4-position.
Methods. HA (H5) from avian influenza H5N1 (Quinghai strain) was used to 0 : . : :
Vector VSVG HA = -
generate pseudotype virus (HIV/HA). HIV/HA was used in a high throughput Dilutions ecoor i @ = c c c Empty vector HIVIVSVG  HIVIHA HIV/IHA(USDA) 25 25 # I.S ttOIera;i[egI .attZI, Otr 3 ptotsi:tlo?:] o .tthe pf]:etiriyl r;ing ailtt.aChed [oRlIeRamic e
screen (HTS) to identify small molecule inhibitors of HA (H5) mediated entry Pseudotypes MOIety, an IS tolerated at the >-position orthis phenyiring.
iti Neuraminidase O 0 0 5 10 20 40 ’ —e * Imi ' '
under BSL2 conditions. (units/mi) >Trypsin treatment for 30 min at 37°C did not 0 0 S >_PreI|m|nary SAR_ fur_the_r suggeste_d that these sulfonamide compounds bind
Results. We have so far screened approximately 40,000 discrete compounds and >293T cells were treated with NA 26h post- enhance HIV/HA(HS) infectivity 0 10 20 30 40 50 0 10 50 30 A0 o Into a hydrophobic binding site on influenza HA
: o - - ) - : transfection .. : : :
Identified 141 primary hits. The Z’ factor for the HTS was 05102 Prlmary hits >TrypS|n treatment enhanced the |nfeCt|V|ty of Compound 5 (uM) >Add|t|0na| SAR’ Spectrum and mechanlsm Of action StUdIES are Currently
were counter screened with pseudotype virus expressing an unrelated »NA treatment of the producer 293T cells . Compound 1(uM) hei d d
low pathogenic HIV/HA(USDA) eling conauctea.
: : . . . . enhances infectivity of HIV/HA(HS5).
glycoprotein (VSV-G) and infectious H1N1 virus for their specificity. They were
evaluated fo_r their potency, .aind cy.tot(_)xi(:lty with resynth§5|zed compounds. Only A549 Cells are used in the HTS screen Pilot Screen
36 of the primary hits specifically inhibited the HA mediated entry process. The Specificity of Influenza HA(H5) Hits
final hit rate from the HTS was 0.09%. All the 36 hit compounds exhibited I1Cq, - 1 OE+07 METHODS
values of <25uM. Structurally, the HA inhibitors can be represented as clusters of =) FEmpy Vedtor BHNNSVG - SHIIA BIHNRAGSDA '
< . , 2
>2 members each and singletons. E 1.0E+06 ICqo (M) ICso(HM) Vi Saudot S I f ot i
_ _ B _ _ 2. iruses: Pseudotype were produce y co-transfecting ug of construct containing
Conclusion. We have identified new compounds with potential to be developed > 2 LoEs0s I Comp. # e appropriate virus envelope glycoprotein with 12 pg pNL4-3-Luc-R--E- HIV vector into 293T
as antiviral agents for the prevention and treatment of influenza infection. 9 @ v ' HIV/HA(HS HIVIVSV-G HIV/HA(HT HIV/MLY cells (90% confluent) in 10 cm plates with Lipofectamine 2000 (Invitrogen) according to the
Compounds may also be useful as molecular probes for the study of influenza o T 1 OE+04 (H5) ) (H7) supplier’s protocol.
virus entry into host cells. s 4 ' HI1N1 (PRS8) Cell culture grown influenza HIN1(PR8) viruses were propagated and titrated in MDCK cells
= over 3 days at 37°C in the presence of 1ug/ml tosylsulfonyl phenylalanyl-chloromethylketone
1.0E+03 - : - :
3 . 1 26.5 >100 >100 >100 20.2 (TPCK)-treated trypsin (Sigma-Aldrich) following standard protocol (9).
A519  NCLHE6L  HAPEC 19 Lec1 1.0E+02 Chemical Libraries. The chemical libraries screened represent broad and well-balanced
INTRODUCTION Celle 0 200 400 600 800 1000 2 3.9 >100 >100 99.0 5.2 collections of over 152,500 compounds. They were purchased from Chembridge (San Diego,
»Human lung cells (A549 and NCI-H661) are very - Well Number | CA) and Timtec (Newark, DE), diluted in 96-well master p!ates at 2.5 mM in (_Jllmethyl sulfoxide
bl D fecti »>90% Iinhibition at 25 pM was considered a 3 22 6 >100 41.6 12 1 16.0 (DMSOQO), and stored at -20°C. Compounds were selected in the molecular weight range of 200-
>5Ru5(|:ept| e”to(il_r;)ectlc(i)rii el hit’ ' ' ' ' 500 Da. They have favorable cLogP values (calculated logarithm of n-octanol/water partition
. . . . at lung cells and Lecl cells were not very . . 3 coefficient), and encompass over 200 chemotypes.
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morbidity and morta_llty, and are also gssomated with pandemics. Pandemics SICHOI Tel e e el e 220, HTS of combinatorial chemical libraries: HTS of combinatorial chemical libraries using
occur when a new influenza virus strain emerges, by re-assortment of genes 5 13.4 53 4 14.9 23 7 151 pseudotype virus was performed in 96 well plates. Low passage A549 cell monolayers were
from two or more distinct types of influenza viruses (antigenic shift), and to which ' ' ' ' ' Infected with 100ul of pseudotype virus containing 8ug/ml polybrene in the presence of 25uM
the human population has no immunity. New influenza viruses emerge from the (final concentration) test compounds. After 5 h, the inoculum was removed, fresh media was

i : - - : : : dded and the plates were incubated for 72 h at 37°C and 5% CO,. Infection was quantified
aquatic bird reservoir, and acquire human-to-human transmission to cause Experimental Desian Workflow Diaagram 2l = g _ _ 2 =Y _
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demic obtained all of its eight f h _ - wh h Reader (Perkin Elmer, MA). The percent inhibition was calculated as: 100 x [Relative Luciferase
pandemicobtained all ot 1ts €ight genes from the-avian Teservolr, whereas the HTS assay using HIV/HA(H5) to screen for entry inhibitors Unit (RLU) in the presence of compound - RLU of negative control / RLU of positive control
Asian H2N2 and the Hong Kong H3N2 pandemic influenza strains emerged by @ (without any inhibitor) - RLU of negative control].
re-assortment between the circulating human influenza virus and an avian H2 or
H3 influenza virus. We are now faced with concerns regarding the emergence ‘ C(S 00 O Cell Vi_ab_il_ity Assay. AIph_aScreen SureFire GAPDH Assay Kit (_Perkin Elmer) was used_to test
and spread of the highly pathogenic avian influenza A/H5N1 virus and its . |nh|b|t|on > TR I—— F{2// cell \;Ialilllty, by meaisurlng endogenous cellular GAPDH in cell lysates according to
potential to evolve into a pandemic strain. In addition, current spread of HIV/HA (H5) CC50 manutacturer's protocol.
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binding and fusion of the virus with host cells. Like other class | viral envelope >90% >50% (P”mary hits Cl. Me, MeO diminish 9. Steel J, A. C. Lowen, T. Wang, M. Yondola, Q. Gao, K. Haye, A. Garcia-Sastre and P. Palese.
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fusion. Our plan for developing new anti-influenza therapeutics is to target HA. [%%0] @ [%0] &P HIV/IHA(H5) | ) 1:e00018-10
We have performed a high throughput screen (HTS) to identify HA specific only ) [%0] MeO is tolerated at C' s tolerated at 3-position
inhibitors. While HA displays significant inter and intra-subtype variation (>30%) 3-position \_/ N
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Incidence of resistance development. . a HIV/HA(HS) and HIVAVSV-G were generated by transfection of 293T cells with pNL4.3.Luc.R—E— as the HIV-l expression We thgnk Dr. Michael R. Farzan (Harvar_d Medical School) for the different envelope glycoprotein
vector and with HA(H5) or VSV-G, respectively. plasmids and Influenza H1IN1(PR8) strain.
* b 1,897 primary hits inhibited HIV/VSV-G by more than 90% at 25uM, whereas the RLU values of the controls varied by . . .
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* ¢ CC;, values were determined using “AlphaScreen SureFire GAPDH Assay Kit “(Perkin Elmer) . Halogen (C|, Br) may also be tolerated is tolerated for potency




