NOVEL LI PIDS AND COVPCSI TI ONS FOR THE DELI VERY OF THERAPEUTI CS GOVERNMENT
SUPPORT The work described herein was carried out, at least in part, using
funds frowohw/04£69 Cover nnent under grant nunber HHSN2®62066@0043281 awar ded
by the National Institute of Allergy and Infectious Di seases. The
government may therefore have tail i ﬁ n the invention. C aimof
priority This application cl aik } LS. S.N. 61/1 13,179, filed
Novenber 10, 2008; U.S.S.N 61/154,350, filed February 20, 2009; U S. S. N
61/ 171, BBOATED| ARPINRATION 1, 2009; U.S.S.N. 61/185,438, filed June 9, 2009;
U S .S N 61/225,898, filed July 15, 2009; and U.S.S. N 61/234,098, filed
August 14, Z[9pattitepplcitientsrctitcdE@qhovdsiondlipatent spplicatdsrperial @dnteer ei n by
reference in its entirety. BACKGROUND Technical Field The present invention
rel at e 1yO el ded dntigbdl“mbrddpesarpit Me@es Noveabévar Yoois ipherity b waakH iscl es.
In particular, the present invention provides cationic lipids and lipid
paiticlﬁ§%ﬁx%llriaing these |ipids, which are advantageous for the in vivo
delivery of TUCFei ¢ acids, as well as nucleic acid-lipid particle
conpositions suitahle for in vivo therapeutic use. Additionally, the
presentFI W Nnet hods of maki ng these conpositions, as well as
nmet hods of introducing nucleic acids into cells using these conpositions,
e.g., for tHEhis mrantievclagds to fastcvas whisleasi be atialihell dme shadeby farpibiyon of t he
Rel ated Art Therapeutic nucleic acids include, e.g., small interfering RNA
(si RNA)embedeing tiAirtertHNA teri@lifitiseins et 48 lthgeoheahiant dndest the fabeAstRSorms

pl asm ds, imrune stinulating nucleic acids, antisense, antagomr, antimr,
i cr ORNA ) M isting REh Babval bF the SARGRF froANtHe gREAMer . These nucleic acids act
via a variety of chanisns. In the case of siRNA or mi RNA, these nucleic
aﬁgds i ,‘.k‘nlar | evel s of specific proteinsthrough a
proces =STITEt RINA erfererfce (RNAI ). Foll owi ng i ntroduction of siRNA or
m RNA into the cell cytoplasm these double-stranded RNA constructs can
bind to a pr%@l@mﬁ%tr%eaccmngaof vhiccalen headssel e tncBingstids apgRafandatsip lh i s

di spl aced fromthe RI SC conplex providing a tenplate within R SC that can

r ecogniaziwlamdstiintbadNAterbared asicg aplaesreitndl whaeprarfesdena it intended totiee bound
si RNA or m RNA. Having bound the conplenmentary nRNA the RI SC conpl ex

cl eavesnithigediRNE erfsitsite eagesclf-piercideawet-adtatiang fastdniiAi witi i dPhot Gdire
down-regul ation of specific proteins by targeting specific destruction of

the corf t?o‘ié’ﬂﬂﬂi? W&% i&a&@ﬁdr;fﬁlgfaﬁa g@&%ﬁm %%%N/gﬁgdﬁg 1%3 gﬁﬁgm@&eut ic

appl ications o are extrene roa Sl nce si constructs

C be synthesized wt ny nucl eoti de sequence direct.ed agai nst. a, t arget
TS o i GReBR ot Pt B et G PR CRRS “aBryir Loy > BBl oaaty
downregul ate target proteins in_ both in vitro and in vivo nodels. In

addi t i dHPrat thekaelppide pfithe shegt avhighy gooperaies mathrhe eouflayattion af thedriveneal

studi es. However, two problens currently faced by si RNA or m RNA constructs
are, fimatingtendiof theusstenr sbitak the feoctrumigeasd defdbrge st ¢lowhiimo phaswer. did,
second, their limted ability to gain access to the intracellular

conpar tgeRekatMIene of iRYfagaktr PhaytheRlcaCGrai@noadmkdics! whrd isyshernaakly as the
free si RNA or m RNA. These doubl e-stranded constructs can be stabilized by

I ncor pq{a?&rjfegpofocfle § cr{[?;lrﬁp Ie%llﬁg‘g- Thb&In UG 8P d8tddeP l&ec{rﬁite '-e %E@heét%@ B%ﬁt

mol ecul e, tor exanple osp I oate groups. Wever,

ifications provide only limted protection.from nucl.ease.di gestion and
2 decriuSar iR R Rormt s S AEa et nSTisel SEMEGHSs SHRrHEERY of of Rua
or m RNA can be facilitated by use of carrier systens such as polyners,
cat i onifestpngsadishedocs nobipqeiremneantindgle ot aspesiliyfconfigured Aenporfers anvgrto
exanpl e by the coval ent attachnent of chol esterol nol ecul es. However,
i mpr ovedhidet sacaryatmybmensf dicefastengrito éd suppomag salseateche pot ency of si RNA and
m RNA nol ecul es and reduce or elimnate the requirenent for chem ca
nodi fi cation. Antisense oligonucleotides and ribozynes can al so inhibit
NMRNA translation into protein. In the case of antisense constructs, these
si ngl e stranded deoxynucl ei c aci ds have a conpl enentary sequence to that of
the target protein nRNA and can bind to the nRNA by Watson-Crick base
pairing. This binding either prevents translation of the target nRNA and/or
triggers RNase H degradation of the NA transcripts.
Consequent |y, anti sense ol i gonucl eotid have tremendous potential for
specificity of action (i.e., down-regulation of a specific disease-rel ated
protein). To date, these conpounds have shown pronmise in several in vitro
and in vivo nodels, including nodels of inflanmatory di sease, cancer, and
HV (reviewed in Agrawal, Trends in Biotech. 14:376-387 (1996)). Antisense
can also affect cellular activity by hybridizing specifically with
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acids. In the case of deoxyribonucleic acids, certain sequences or notifs
have been shown to illicit immune stimulation in manmal s. These sequences
or notifswpDreludessbhe CpG notif, pyrimdine-rich sequen®€3/tspah9paissnhdr om c
sequences. It is believed that the CpG notif in deoxyribonucleic acids is
speci fi d y an endosomal receptor, tolllike receptor 9

( TLR- 9)2 - ehi4 ggers—vbot h the innate and acquired i mune
stinmulation thmay CErtaln i mrune stinul ating ribonucleic acid sequences
have al so bekw nressor insentiontcan e gambpdigdds it atstradelf RNASBdqudhess tri gger

i mmune activation by binding to toll-like receptors 6 and 7 (TLR-6 and
TLR- 7) .clinchiag @rdfil@rut delidkes siittiag tadingNdgt shaldd tiepachiad ftaulbeardthine
stinmulating and is believe to activate via binding to TLR-3. One well known

pr obl emeilct Br 1R FadddRr RfnolIBRF B REMICE ‘E’ne‘}ﬁ@fe@ﬂeﬁ aRGIH e REREE RS thelQalSh@Pi ity
of the phosphodlester |nternucleot|de Ii nkage and the susceptibility of

Lhg s | ilRoy 0 BYG] 838 3o TSR ST SO Tk RIS, B SRR GBI Gk Eases Tn
serum resu S di gestl on nuc bssessi

phosphodi est er Ilnkers and hence, therapeuti.c | eic acids c e very
shor t tpﬁ 290 FERMGSHORIHE IPbsRcE tpthegdd Felipt I}%ﬁtﬁll&%ﬂteew%eq? aﬁa??

et al, Antisense. Res. Dev. 3:323-338 (1993); and Thierry, AR, et al,

ppl 47- 18tds to begmessRbigtn ticisorfaceBooinstpilatadnsAnthiose mbelc RMAMa ol goRAr b&dsess

Eri ckson, RP and lzant, JG Raven Press, NY (1992)). Therapeutic nucleic
aci d bediffgreatilmnentdeyt pastlngd divainprdcae inatcesdipy dye fohBe pasice apbaspiiodi est er
chem stry found in natural nucleic acids, because of these and ot her known

probl ertﬁategzn'd?s c@ﬁ%%nﬁ%r?%@fﬂeﬁﬁg 'AEHdkt)ﬁnQI@ rtﬁ@@ﬁeéﬁyfe E‘@H‘o‘fﬁ{e dl%})lacer

nodi fications reduce seruntor I ntracel lul ar degradation fications

e been tested at the |nt t depho hodle bri dge si ng
RS oy o Em MRty PRLHERRGT 'Ssn%fﬂélﬁté Bpweyer ﬁ%&%&%ﬁn%nst’y Lhe
nucl eotj de, base (e.g., 5 pr ynyI pyrim di nes), or. at the sugar (e
2 - modithisaledyBeresyery (oHesn Hrfrnm Shetmapff dayitdivial tiomrrither by haydening eat i ons.
Encycl opedi a of Cancer, Vol. X, pp 64-81 Academ c Press Inc. (1997)).

Qt her s thawdditiert efgipperting natpiabeddisg abits thioknesiwljclpteds nos ggambicildidiges ( see,
e.g., US Pat. No. 5,532,130). Ot her changes have been attenpted. However,
none ofth¢ kiese sol uti ons have proven entirely satisfactory, and in vivo free
therapeutic nucleic acids still have only limted efficacy. In addition, as

not ed above ?&Lﬁ%ﬂg{i}glf{nqctﬁ)h%%@ﬁ}gSﬂ Bienciliolhg h"e%'%@d fbr‘ﬁ%ﬁxﬁe@oﬁﬁ btm ted

ability of t c nucl ei ¢ acl to cross ce u ar ranes

Ssov Bi,0 S 5-.10 nd the
ot b erftitfbe Sholscal T Pl St BiSseaifior sl SEARhE oot bhatis whlle af oo
anaphyIaX|s al tered coaqgul atory properties, and cytopenia (Gﬁlbralth et
al , Antshawnews Ngenrfas i Iheppalgriged theshogis pamitadiosiow umwardetidipihct o i nprove
efflcacy, i nvestigators have al so enployed |ipid-based carrier systens to
del i verfagtbramialits gemredi An endeocut wnrindodtside of the shapedus fitledudkrite dgilasr | n
Zel phati, O and Szoka, F.C., J. Contr. Rel. 41:99-1 19 (1996), the authors

refer tﬁesfs&ﬁm@t%ﬁd&fmxﬁﬂd@ﬁtb@he( GRRYENT TOR@E Yeslstd@s WRBicvBd b RAS S drvie
| i posonmes, i munoliposones, fusogenic |iposones, and catlonlc

%;/Et S?@%tlf iy ﬁ‘gt .Sﬁ%?*ﬁ*tﬁ?% B did e '%@%5@@5"@%‘% B8 ar i cl s
ramiE ﬁ%ﬂsot?*aﬁ%%gttgﬁ Iofiedn st Egur?%“ﬁﬁ%é i Bngient Sl B Gag

111 1 14 (2006)). spite of this progress, there remains a need in the
art f orlogaigst @thhlempt craFfagroef the fastroretbera shasucBap arsh end digmetrits tee
suitable for general therapeutic use. Preferably, these conpositions would
encaps yredtest,ruuadre sttoragjods betivtchn Iicgfhstedidriaad drgenchauehibvegh drug: i pid
ratios, protect the encapsulated nucleic acid fromdegradation and

cl earance i nvigRIsyR3ifibAlyS tHelidtdrRor 1RE cRYRUS :}31&09@ fh&HeY beRPAttRHAVICS a
intracel lul ar delivery of the encapsulate nucleic acid. 'In addition, these

i pid I f
L2 WAL R0 8RR U8 B8RRI LSRN S, O AENIRLT,
dose of the nuclelc acid is not aSSOC|ated with significant toxicity and/or
risk to the patient. The present invention provides such conpositions,

met hods of maki ng t heconpositions, and nethods of using the compositions to
i ntroduce nucleic acids into cells, including for the treatnent of

di seases. BRI EF SUMMARY The present invention provides novel cationic
lipids, as well as lipid particles conprising the same. These lipid
particles may further conprise an active agent and be used according to
related nethods of t he |nvent|on to dellver the actlve agent to a ceII In
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al kyl phosphor ot hi oat e, al kyl phosphor odi t hi oate, al kyl phosphonat es,
al kyl am nes, hydroxyal kyl s, w am noal kyls, w -(substituted)am noal kyls, w
- phosphoaWwRybw/0sM69 t hi ophosphoal kyl s, optional | y subst PCEtusAoo9ob3sst hyl ene
gl ycol (PEG nw 100 40K) , optionally substituted nPEG (nm1120 40K) ,

heteroaryl het cl e, l'in nd;, and E i ) oC(

anot her®<d fugygh offc Irdrﬁre%rrl%% ?/F’& gfine fiepy etoagrla t&% raf‘eﬁwﬁpgr ntj t he
lipids of the present invention. In certain enbodinents, the lipid particle
f ur t hertheroodp paid dhyonghber ingludinggindneaydvadl ofi 1mrdaseé|daimeeer@t apedemsipatfioparti cl e
aggregation. In one enbodinent, the lipid particle consists essentially of
(1) at theasftconi@atingoatc Shﬁrptdi'll&um edgnfor peneedtingsdid pancl. A romtidreaherdticpilat

sel ected from DSPC, DPPC, POPC, DOPE and SM (iii) sterol, e.g.

chol est&tQlis rndy(fdth tﬁéergmlel @'ogtmd% sHrfad&feaPMso@m %E&@%f daltl @1APb&@hgrati o
of about 20 60% cationic |ipid: 5-25% neutral Irprd 25 5596sterol % 5-15%

[ |dofthe re ntlonls

opt | cal T 5GP rme%aafg rrﬁagfeheft?te feipabri SERRE A BEER KRRVER: 1 on
|nclude I|p| particles of th vent t her nprrse t her apeutic
agent . ger?%% F: | Ry i F Iido %@fﬁﬂ igjchy el thegeller B one

enbodinent, the nucleic acrd is a plasmd, an imunosti nul atory

ol i gonuutledtsiadennalags bottpne swiacareleidrably gofumimntht gencle Ag. undercargrogenise

ol i gonucl eoti de, an antagomr; a double stranded oligonucleotide, e.g. a
si RNA; lasut@pdramie ouideasurfaboimymediattly betdw ehiealidpdacer fr as @t igndoeld Rt of t he
present invention includes a pharmaceutical conposition conprising a lipid

parti clcﬁef&tnetr Snd RG] A YR, Qf 1 28y @xt@ﬁ'ﬁﬁ%g &Hﬁre%tltmeﬁtg%@foeht@

exci pi ent, rier of diluent. The present ention furt I ncludes, in
| at.e d. of f
1 ger rlﬁe%glq%ry?fé P Upere e e O e S BT B 2 1 i

particle or pharnaceutical conposition of present invention. The target
gene cahampgerthap the undpeutaare offlewppdinmetes tmadh%ﬁtlacqrhé thamfetexgrade
contains one or nore nutations. In a particul ar enbodi nent, the method
conpr i stesvneped iifd walakdly froduaad icath testpnetsws) dn cofcular catigetip getﬂne botsamnaindi ng
one or nore nutations. In particular enbodinents, the lipid particle

conpr i sgshafbisrapeuti ¢ agent sel ected from an i munosti nul atory

ol igonucl eotide, a single stranded oligonucleotide e.g. an anti sense

ol i gonucl eotpyg res‘%ﬂt ﬁi@fc@%gmténerqs ﬁ%@éﬁﬁ%ﬁ%ﬁg) pQIlrdhe ict s %qltrétgieshaﬁl g a

si RNA, an apta one e ei c acl

t hat encod se oli ot| r or a

P15 osy nbie 1oh PERER SE Piedpt 0&@@% PrbRER o Reo FEr Y B0t 4 BPRMREE o
t he group consrstlng of Factor VII Eg5, PCSK9, TPX2, apoB, SAA, TTR, RSV,
PDGF beveulgéeclorrasiach erlevicsiq thgaracl. é’hﬁtt@jélhean THBaNgEHKNUAAT Igehad VEKK
gene, JNK gene, RAF gene, Erkl/2 gene, PCNA(p2l) gene, MYB gene, JUN gene,
FOS genegeB&hich pganete By shéon adihgdasencWEGEPpHeh eThEdrRdenshapQyftthe kndxlgene,
Cyclin E gene, WNT-1 gene, beta-catenin gene, c-MET gene, PKC gene, NFKB
gene, SIHbIidANG a By o sAENR of HR Bddeut g838 anSORdhasenalire&BPbelo®1E,

t opoi sonerase | gene, topoi sonerase Il al pha gene, p73 gene, p2l (WAF
/ Cl Pl : MB |
gene )&Aﬁglllt%%&k%ﬁé heABOR PR 2 8 éﬁ‘?ta%t?@.?rl%ﬁ%gt%@%ﬂ bl B8 o

pressar d conbinatio there ano t he

P o i RFEss 4 Bei e sk CEhesu e SRR FrarSreat PIRAEd onal
varrant or fragment thereof, such that ex ressron of the pol ypepti de or the
funct i olermed paaelimaserial isafyaditated bneare@rtvwaeﬁy Hercddewer. surfacyef thg updarerer
rel at ed enbodi ment, the present invention includes a nethod of treating a
di sease or dhshgdspaﬂmﬁﬁaemephﬂEQghycmwem@mphﬁﬁs&mmﬂbmemwaﬁkmpenEMdeﬁin a
subj ect, conprising providing to the subject a lipid particle or

phar maGe W bl detsiaaahtth® hvehtidie nBf BRREY in iRV:RplitAdn VAR RitdllstoTe
therapeutic agent is selected froman si RNA, a mcroRNA, an antisense

ol i gon C ORNA,
o an aaprRletBE s Fn o B AR G AR g B RL AR To R g der P
anti sense RNA conprlses a polynucl eotide that specifically binds to a

pol ynucl eoti de that encodes the pol ypeptide, or a conplenent thereof. In
anot her rel ated enbodi nent, the present i nvention includes a nethod of
treating a disease or disorder characterized by underexpression of a

pol ypeptide in a subject, conprising providing to the subject the
pharmaceutical conposition of the present invention, wherein the

t herapeutic agent is a plasm d that encodes the pol ypeptide or a functional
variant or fragnent thereof In a further enbodrnent the present invention



nucleic acid or oligonucleotide. In a particular enbodi nent, the antigen is
a tunor antigen. In another enbodinent, the antigen is a viral antigen, a
bact eri alwanpiogsmedor a parasitic antigen. The present PATAISRI09M6IETt her

i ncludes nethods of preparing the lipid particles and pharmaceuti cal
conp05|t| ns of .t resent nventlon S k|t usef ul t he

pr epar il tratedtlﬁggeéﬁwbtga E tqvettéonalﬁaatﬂbg#&éﬁ lr%%e@. qf%ws% In

anot her aspect, the invention provides a nmethod of evaluatlng a conposition
t hat i meheiged alahcaetgeh@ut ip various wiyer Ape it is talrewitdemtoadi thefribe phiesepdpayt , and a
lipid of the present invention. BRI EF DESCRI PTI ON OF THE SEVERAL VI EWs OF
THE DRAWH Méstifdlggly employS&Ehatimtare forelpy mapodecalfideseriptioanndgiautbhdtybepur e | pi d
with conjugated targeting |igands. Figure 2. Schematic representation of

f eat ur eggpficd fQirhitiR;ds of the present invention. Figure 3. shows a table
deplctlng the EC50 and pKa val ues of exenplary lipids tested using nethod
descri bed |n t he TAl LE SCRI. P The present venti.on i s
baied, in sts Ch%osrgnsrlt{eﬁeglnslcoevaerv%o PrEat ?%Eti}ac G C&n d tltoﬂaltponrvgr}t}%a%ehls

advant age mhen used in lipi t|cles for the in vivo I|ver of a

t her ap sl U hpsed »Wabata@ilzgr:&tl izedsasia hayisfpraihe depignipp af a ﬁw%g
Exanpl es, the present invention provides nucleic acid-lipid particle

conpos imétbeds, gachyystesisrigr eartyangd outithe $dvpiad paposssdif g rosenhmvpntamedt is
invention. In sone enbodi nents, a conposition described herein provides

I ncr easggoeit] thetceforef thhdt@e Blatheberegeaiddd anthchidingnquckh e vilehteoakilctibys of t he
conpositions in vivo, which can result in a significant increase in

t her apehlre: dsqgéy%c?ﬁot(ﬂ AFfEHh th?f%}hpérgﬂéﬁ @behégte@emﬁtén%ﬁ conposi ti ons
preV|ous y des Itiona conpositions and net hods of use are

di scl os¢ § PLation of the toxicity observed with
cgftal ' ' 'dhﬂ*ai particles. In certain enbodi ments,

t he present |nvent|on speC|f|caII provi des for inproved conpositions for
the deliver 16 1ds Wlmeéwaéﬁrontv ¢leyagion yérphoHae &stenehel the HESBUQbnposi ti ons
are effective in down-regulating the protein | evels and/or nRNA | evel s of

t arget pr ot dilfss la sumtdnéargoment pottionof Fngine 1 ah sltowrhm thattfignire.y of t hese

i nproved conpositions is dependent on the presence of a certain cationic
l'ipids and trgt 2tdeparhedecticial Goff cléatiofRiGy bf db thstallatibesdt@s forlapplydig can

i nfluence activity. The lipid particles and conpositions of the present

i nventipng oP€ used for a variety of purposes, including the delivery of
associ ated or encapsul ated therapeuticagents to cells, both in vitro and in

Y 2nsacCor TPy Y aboSs RETE: phliF R iR Bt Pt s mst&Uatt%n%%fat%{CﬁSt the

subject with a lipid artlcle of the cresent invention associated with a
sui t ablRESGRIPIION OF TIHz RREFRRRELLEMBID din, the lipid particles of the
present invention are partlcularly useful for the delivery of nucleic

aci ds, i ncl Rifegingaoy.tp FsgurbA, arsthedodf fasteasrdbfphammend®n IMThesledvar m,a pdrgall i pi d
particles and conpositions of the present invention may be used to nodul ate

the expeessiaPlic®f THaIfEREncH AARIcR A BaREIQoRlidS 1 DAhithinas ¥ tt@nadrd 10 ¥pato by
contacting cells with a lipid particle of the present invention associated

wth a pygl t81>§ (?ﬁﬁc?bc;t{b% réo?dﬂ?e r% i tﬂf‘sten%%’a‘ﬁn&fﬂ?ﬁc‘t‘&c?e's%exgnﬁt fhrad€'ls § § RNA) or

a nucl er c ac USG I NCrease expression o esired prot ein

| asmi d_enco th deS|red e ariou e
Lo dere Rk HERT e o e o BE Bl M bhacRom et vel | as
l'ipid partlcles and conpositions conprising the sane, and their use to
del i verlntlhéeraaoremft)r@eleg@eraraWdWh@h@rtml@sglemtwﬁaalmtr@tlethﬁo eseptvedht on are
described in further detail below. LIPIDS The present invention provides
novel |drpiigsfonaviceessamgrtd asmaldibs isgndd € ahditoacmntrdbths ofunmatiorFofghe e 2, t he
lipid design features include at | east one of the follow ng: a head group
W th vaierbi@ingtad of tHeahitoktr 46 althedo@bf. 3, monoami ne, Di and triam ne,
A i goam ne/ pol'yanine, a |ow pKa head groups - imdazoles and pyridine,
guani dinium anionic, zwitterionic and hydrophobic tails can include
symmetric and/ or unsynnetric chains, long and shorter, saturated and
unsaturated chain the back bone includes Backbone gl yceride and ot her
acyclic anal ogs, cyclic, spiro, bicyctﬂc and polycyclic linkages with
et hers, esters, phosphate and anal ogs,” sul fonate and anal ogs, disulfides,
pH sensitive |linkages |ike acetals andketals, im nes and hydrazones, and
oxi mes. The present invention provides novel lipids that are advantageously
used in lipid particles of the present invention for the in vivo delivery
of therapeutic agents to cells, including Iipids having the follow ng
structure In one aspect the lipid is a conpound of formula XXXIIl,xxx i"

I o "




R3 is H optionally substituted Cl-Cl0 al kyl, optionally substituted C2-Cl10
al kenyl, optionally substituted C2-Cl10 al kynyl, al kyl hetrocycl e,

al kyl phoswbavw/osedeRy| phosphor ot hi oat e, al kyl phosphor odi PRITa®B2@9/063951

al kyl phosphonat es, al kyl am nes, hydroxyal kyl s, w am noal kyls, w

- (substi tuted)am noal kyl s, w -phosphoal kyl s - t hi ophosphoal kyl s,

optional |y Jibetine @agng%ﬂg%?w{ﬂ@ﬁé?ﬁv ﬁ%wre  plichovergst 38%6? of 5t i onal Iy
substituted nmPEG (nw 120-40K), heteroaryl, heterocycle, or |inker-Iligand,
and E ipsneyan® cod obdeaandpf ob e ianpvginndhe intRinabbric RO gpensda®ran andispeshdent | y
for each occurrence optionally substituted C10 -C30 al kyl, optionally

subst i taute2B £1he bEEREN at kaxhimentiund @ ald sfarglobfs tAttthid Bettdnl-DrosBegalof ety | |
optionally substituted Cl10-C30 al kenyl oxy, optionally substituted C10-C30

al kynylfastoRti Sabvh Spaats SrUREBhsChRGRY a Rl ¥ @ cr@te P FANRICLNing lip
substituted C10-C30 acyl. In another enbodinent, R3 is H, optlonalﬁy

substi tyt 1-C10 Ky optihonal | y. . substit ut C2-.C10.-al | .. .optionally
subst | (il euecBRg oR g ee iRy MeThbih Gk M ey Bl
optional |y substituted heterocycl eal kyl, optional]y substituted

al kyl pﬁ&gﬁﬁéﬁ @ﬁteaﬁfwﬂ%ﬂ tﬁ9 tighfdinch Eﬁt@ég‘mﬁﬁblé ﬁﬁ]&SYWP,Clug%aISBH%?rI09”%‘%75t i tut ed
al kyl phosphor ot hi oate, optionally substituted phosphorot hi oal kyl

opt i onaindynsobercit A8 efdedlay dpnmsptvdridulicshaveca the displaned A7yandgswartdlyt ed
phosphor odi t hi oal kyl , optionally substituted al kyl phosphonate, optionally
subst i tfldredteptheSphartaal ikl the Qbistrad ahdtatiad ebskist totRidnaTititofastofdrionsaltlhys
substituted al kyl am no, optionally substituted di(al kyl)am no, optionally

substi t .o i : j l.am I ionally
bt 1o o B e R o e e A R

opt i ongl | bst.i tut ed polyet hyl.ene glyco P nw_10Q- 40K),, optionally

SBbs o s b bBE I 5P ST oy R § s ST S R Sk RO o 1

substituted heterocycle, or Iinker-li%and. | n one enbodi nent, where the

lipi d imBOUNtiREBYURdCsHveragrinigmallxberaded n3rtsurliade P¥fat when E is C(O) O and R3

is, RL and R2 are not both linoleyl. In one enbodinent, the lipidis a

conpound of Higunndl depixdtht installatorsatuiRBriapplingape fasteakbt of theibsentian. €heC2- C10

al kenyl, optionally substituted C2-Cl0 al kynyl, alky | hetro cycle,

al kyl phrasiphaati e is RlrkiplyRippEedh@r DL 18; pI@éskﬁ% hasmohedipplibP@svenward

al kyl phosphonat es, al kyl am nes, hydroxyal kyl s, w am noal kyls, w -

(substi 1 , - hna ; - trthy IS,
f}uf&%@t)oaa%ﬂl?ﬁjcéﬂﬁ&ﬁ cplg%rtlr%]aﬁ% F BYIhI% 1?%11"[. IPfo‘i’Pé‘l@g@ﬁg%%% b

optionally substituted po ene glyco EG mw 10 optionally

substitut ed EG, (mw.120-40K), heteroaryl, heterocycle, or. Iinker-|igand.
1 vet BRBTh R GBI RER P e neRbAC LY eSSt ARG Poftich 1 e
wherein R and R are each i ndependently for each occurrence optionally
subst i tawttBe beckoidedy aavikyi, optional Iy substituted C10-C30 al kynyl,
optionally substituted C10-C30 acyl, or - linker-ligand. In one aspect, the
i nvention f élteungsllaiohispiwtnod isfsbown iaFdpey13ki3d. X{Uhisttatedsial these drguirespner s
thereof, wherein Eis C(OOor OC(O; R and R and Rx are each

i nd?peﬁﬂ@ﬂﬁtﬁﬁ%f@m%ﬁﬂllé 1QEEM EdRB GE tHd, shaiit £ QDb theSUHBEd fuh@sheGil3 ClPhal Kyl ,
optionally substituted C10-C30 al kyl, optionally substituted C10- C30

al kenyl I I i 0 - i I Li.ut ed
C10- oo RS PhBAR GOeURS] & i ffedienon dRathibihe o RY PRR HRARLY. 0T o
i s.not H is H,optionally substituted Cl-Cl0 al kyl., ti opal

STbac ctivud teSebids Sy e B S S LserTaly B et eealytihed

al kyl hetrocycl e, al kyl phosphat e, al kyl phosphor ot hi oate,

2l kyl pHospRgs odhe Ritokee! th sgnipHos psbiday extndsroey Pamhidsis fWpd vy iy | s,

w- am noal kyl s, w -(substituted)am noal kyls, w -phosphoal kyls, w

- t hi ophbigydvealk ptesses olpt motabddwnward siito tthit edicpoilt yeit kidsenia oykiytho kn(lREGus nw
100-40K), optionally substituted nPEG (mv 120-40K), heteroaryl,
heteroqygﬁﬁgﬂ@gmhhﬂbg&e ligand; nis 0, 1, 2, or 3. In one enbodi nent,

where the lipid is a compound of forrmula XXXVII1, provided that when E is
C(OO R3is, and one of R, R, or Rx is H, then the remaining of R, R,
or Rx are not both linoleyl. In sone enbodi nents, each of R and Ris

i ndependently for each occurance optionally substituted Cl10-C30 al kyl,
optionally substituted Cl10-C30 al kenyl, optionally substituted C10-C30

al kynyl, optionally substituted C10- C30 acyl, or linker-ligand. In sone
enbodi nents, Rx is H or optionally substituted C1-Cl10 alkyl. In sone

enbodi nents, Rx is optionally substituted Cl10-C30 al kyl, optionally
substituted C10-C30 al kenyl, optionally substituted C10-C30 al kynyl,
optionally substituted Cl10-C30 acyl, or linker-ligand. In one enbodi nent,

Ri and R2 are each independently for each occurrence optionally substituted

NA PN NN PN 1 o - N -, PNA PN NN PN o



substituted C10-C30 acyl, or -linker-ligand. In one enbodinent, R3 is
i ndependently for each occurrence H, optionally substituted Cl-Cl10 al kyl,
opt i onal IwWo=o0tvasp46at ed C2- Ci O al kenyl, optional | y subst PCHIUSA002R63981 O
al kynyl, optionally substituted alkylheterocycle optionally substituted

het er ocycl e optionally. substlt ted al k

substi t ut edalbms%f%oﬁt E9Te2oigR Y eavalde s"’ﬁb‘%lt%“ ﬁt@@ﬁ emtwgﬁti%?rog oat e,
optionally substituted phosphorothloalkyl optlonally substituted

al kyl phosgionodixthdrosines nusparpwrapdijications @hd arangepwadbshditodiaun fotpsey | |
optionally substituted al kyl phosphonate, optionally substituted
phosphakikldkiy the aaitiionad degirsddodinmit tHeddvanionde thepkhaahdtyucsobatd t ut ed

al kyl am no, optionally substituted di(alkyl) amno, optionally substituted

am noald&tatloﬁﬁﬁémaﬁd YesSHBSE hﬁ&tc%@rcﬁﬁé‘t%ﬂ Anunasik Kﬂddlﬁ&@lt)h@aﬁié P! | tut ed
dl(alkyl)antnoa kyl, optlona y substituted hydro xyal kyl, optionally

stltute t.hy 00- 40K) , optlonally substituted
f%ﬁ%ﬂﬁﬁftog% I 69W¥y Sub C§f@Mﬂ‘ﬁ%1%}oaryl or optionally
substltuted het erocycl e, Ilnker-ll gand. In o nbodlnent Eis -C(OO
-0(O) - ﬁatdﬁé Eﬁ%%ﬁtt?&t&ne“zanq ‘1?5“61 to b@mtec‘ﬁ@@ Lettggs P&FQ@%/ PEE. 1 n some
circunstances R3 i s w am noal kyl , mf(substltuted)antnoalkyI W
phosphdéhk@ﬂ$m©$BWBﬁNkUﬂhosphoalkyI; each of which is optionally
substituted. Exanples of w (substituted)am noal kyl groups include
2- (di met hyl am no) et hyl, 3- (diisopropyl am no)propyl, or
3-(N-ethyl -N-isopropyl am no)- 1-nethylpropyl. It has been found that
cationic |lipids conprising unsaturated al kyl chains are particularly useful
for formng lipid nucleic acid particles with increased nmenbrane fluidity.
In one enbodi nent, at |east one of R or R conprises at |east one, at |east
two or at least three sites of unsaturation, e.g. double bond or triple
bond. I n one enbodinment, only one of R or R conprises at |east one, at
| east two or at |least three sites of unsaturation. In one enbodi ment, Ri
and R both conprise at |east one, at least two or at |east three sites of
unsaturation. In one enbodinent, R and R2 conprise different nunbers of
unsaturation, e.g., one of R and R2 has one site of unsaturation and the
other has two or three sites of unsaturation. In one enbodinent, R and R2
both conprise the sane nunber of unsaturation sites. In one enbodi ment, Ri
and R2 conprise different types of unsaturation, e.g. unsaturation in one
of R and R2 is double bond and in the other unsaturation is triple bond.
In one enbodi nent, R and R2 both conprise the sane type of unsaturation,
e.g. double bond or triple bond. In one enbodi nent, at |east one of R or
R2 conprises at |east one double bond and at | east one triple bond. In one
enbodi ment, only one of R or R2 conprises at |east one double bond and at
| east one triple bond.In one enbodinent, R and R both conprise at |east
one doubl e bond and at | east one triple bond. In one enbodinent, R and R
are both sane, e.g. R and R are both linoleyl (O 8) or R and R2 are both
hept adeca-9-enyl. In one enbodinent, R and R2 are different from each
other. In one enbodinent, at |least one of R and R2 is cholesterol. In one
enbodi nent, one of R and R2 is -linker- ligand. In one enbodi nent, one of
Ri and R2 is -linker-ligand and ligand is a |lipophile. In one enbodi nent,
at | east one of R or R2 conprises at |east one CH2 group with one or both
H replaced by F, e.g. CHF or CF2. In one enbodinent, both R and R2
conprise at | east one CH2 group with one or two H replaced by F, e.g. CHF
or CF2. In one enbodinent, only one of R and R2 conprises at | east one CH2
group with one or both Hreplaced by F. In one enbodi nent, at |east one of
R or R2 terminates in CH2F, CHF2 or CF3. In one enbodinent, both R and R2
termnate in CH2F, CHF2 or CF3. In one enbodinent, at |east one of R or R2
is -(CF 2)y-Z"-(CH 2)y-CH3, wherein each y is independently 1-10 and Z" is
O Sor NQ. In one enbodinent, both of R and R2 are -(CF
2)y-Z"-(CH2)y-CH3, wherein each y is independently 1-10 and Z*" is O S or
N(Q. In one enbodinent, at |east one of R or R is -(CH
2)y-Z2"-(CF2)y-CF3, wherein each y is independently 1-10 and Z" is O S or
N(Q. In one enbodinment, both of Ri and R2 are -(CH 2)y-Z"-(CF 2)y-CF3,
wherein each y is independently 1-10 ahd Z" is O S or N(Q. In one
enbodi nent, at least one of R or R2is -(CF 2)y-(CF2)y-CF3, wherein each y
i's independently 1-10. In one enbodinent, both of R and R2 are -(CF
2)y-(CF2)y-CF3, wherein each y is



i ndependently 1-10.1n one enbodinment, R3 is chosen froma group consisting
of nmethyl, ethyl, polyam ne, -(CH2)h-heteroaryl, -(CHZVN(Q 2, -0-N(Q 2,

- (CH2) h- Avo(eatdashuehet eroaryl , |inker-1ignad, -(CH2)h-hetPeraysetoe/o63ad
-(CH2) h-Z"-(CH 2) h-heterocycl e, wherein each h is independently 0-13 and Z"
is O Sor N(Q. In one enbodi nent, ﬁgﬁﬂ Zis C(R), at least one Ris

w am noal kyl or w - (substituted)am yl . I n one enbodi nent, when Z' is
O S or alkyl, at |least one R3 is w am noal kyl or w

- (subst i t ut eWhatrs pleaned/is: I n one enbodiment, Qis linker-ligand. In one
enbodi nment, ligand is fusogenic peptide. In one enbodinent, the lipidis a
racem c m xtuure. A picogieg Gxtendt tamg attdcheblé tqoa pades ahiidviye@icans fone

di astereomer, e.g. the lipid has at |east 95% at |east 90% at |east 80%
or at |east 70% dji@astpEgonMeric excess. In one enbodinent, the lipidis
enriched in one enantioner, e.g. the lipid has at |east 95% at |east 90%
atsleas% 8 @60& al, | east . 70% enanti omer excess. | n one enbodi nent, the
lipid f%aCeF¥%IW§GBU%%gﬂgy§T is a single optical isonmer. In one enbodi nent,
the lipid is enriched for. one aoptical jsoner. Were a double bond is
present (e.g., a ac%“f%[@d%% B ot sh BSR A in euPHs AWt CsFERdsU™® abond)
there can be isonerismin the configuration about the double bond (i.e.

ci s/ t r dnp cad toEnArics boteinsml thependy wid theoughhbicguelading an ofncawdt whirsrdsoed i s
illustrated in a chem cal structure, it is understood that the

cor r espindétbgatiadMm atiorathstof erpiesiaptt a Jhaep anailntcdgl fargen@ratppas@nt can
vary, depending on the relative stabilities of the isonmers and the energy
requireg,tio convert between the isoners. Accordingly, sone double bonds
are, for practical purposes, present in only a single configuration,

reas others (e.qg.,.where the relativ tabi.li ties are sim.]l.ar d the
o0t oy of - conver di SR e MEuoRIELMHEe Bt uheotefS RSt taoBin IR Xt ur e
of configurations. The present invention conprises of synthesis of |ipids
descri byl heaieks Auisiklesytfass said solga|beingdhg Hrgfg&ilé@me{/t)f)w faptong andrhaging
enbodi ment, the cationic lipid is chosen froma group consisting of |ipids
shown ian dhablaetop soehomdiptesld¢o feceiSomalopaiaohpresiingfodss; of t he present
i nvention. Pl ERCI NG STANDOFF RELATED APPLI CATION This patent application is

related to provi Sdn%ﬁhlaf)dﬁs?l@&era@cﬁtltédciﬁ{ﬂléﬂﬁht&?rﬂeﬁiw Sl lar @id dchfliBbah
entitled "Piercing Standoff filed on Novenber 21, 2008, priority from which

is her i : i.s invention relates to

f ast engdtrﬁéul\%t?%t ng@fég%?%%%ﬁzﬁeﬁdg%%%@k%%; forcibly enbedding theminto
t mat erial of the sheet as the netr.ati end. of. t he,.f ener deforns

LR, Bby T eal st1 nniRr baav o B REoF ST bhBR AR M SieD TR D o
THE | NVENTI ON_A significant shortcom ng of conceal ed head sel f-clinching
studs #hwplacchfaedetvinga coldifloy plodconmpgtpapelimaterid; count er bored using a fl at
end mll wherever a fastener is intended to be installed. Past efforts to
desi gn sel f - pi er ;i plgratity sfeixialptaxendinggifcasfeneiad tastt lohatdd imatdintegui re a
hole in the substrate material include nails and rivets which can be driven

into sdclows 4 uh@dreutatseld dkerh8lsatthde sdi@ tdchfe i BNe®S Qbatbh@amagt fAgr. I n
many cases, a special anvil is required to support the back side of the

sheet ' i [ At . e driven, piercing end
of the%@gﬁgﬁpﬁ%ﬁeﬁ%d@%}%e}pﬁﬁgﬁgﬁhﬁ%gélgtggﬁgglg?%ra ltrlrég to clinch into the
sheet. The penetrating en f the fastener may he heat treated to a

e Gness whioh 1 & GrEdTaR e (e aose el MRt SR R T o
menber into which the fastener is driven. Despite the past efforts in this
field, diseleeceting fipakihstbettamrad@f therfagenascononi cal and effective

sel f-attachi ng fastener which does not require a nounting hole or a
speci al | y canfi gurledagenmpof tiaimy 1avheirdin boo@pdrtien of sad tireugibback tenddedf t he
fastener to the supporting substrate. SUMVARY OF THE | NVENTI ON The present

invention can be myadiRd ofslafh i Reerdn $4ia NG hreQFiafubdriduagd has a
clinching profile, but includes a cutting |eading edge ahead of the

clinching feature; r - f | | ow to reduce the
proj ect ed afga bgpﬁggngggggﬁﬂﬁﬁamﬁ%%hE@Péﬁﬁégggthﬁg¢%%m1for metal flow
into the center of the part. Knurling of the shank, rather than on the

di spl acer, creates torque resistance, with the added benefit of reducing
the projected area that needs to be pf@ssed into the surface for
installations without a hole. A nmuch greater hardness differential between
panel and clinching fastener is necessary due to the greater anount of

mat eri al di spl acenment and work hardening. Additionally, the effective depth
of the displacer ring is very thin since not much material displacenent is
requi red, however reinforcenent of this ring is necessary to keep it from

B o .



fastener into its center. An undercut on the outside of the shank is filled
when the di splacer presses netal dowward into the undercut. Torque

resi st ancwoie1ozshiceved by knurls on the shank. As the p&CE/US20090639§1 pr essed
into the sheet it is locked firmy in place as displaced netal fills the
undercut, closing_in. above the knurls. Because the attachment features are
| ocated al ony t helRsufpapRs 0§a#afra§évl%relflﬁ@ AR A3l s E‘rdélch'r?élgscﬂﬁ’fl Withy eq
and dianmeter is the greatest, a very strong joint between the fastener and
the panel is achiseifled. More specifically, the inventor has created a

pi ercing fastener being attachable to a panel and having nmeans for

at t achrmant] afsal Werehncgortiethetcdf andptesisng tiee ddge bekaithavtting lipnaxi al

t hroughbore and an outside surface extending froma top end to an open
bottom end tdier eofpe gakiehr b cRUANRAS:1h &L YwiBGu@ns LR Befwaral flapdd bRer eased
dianeter at a bottom portion thereof termnating at a sharp circul ar edge
fqg peqsgya;ing said panel. A reinforcenent collar extends radially from
the barref*s outside surface near a bottom end thereof, said collar bei ng
the | argest dianeter aof said fastener d having an annul ar top surface
adapted to recei %paer%&fﬁf«&e*arlz?ﬂ%&%tmaghq%%@an& anghAYIng mesiPacer i s

| ocated i nmedi ately below the collar and i ncludes an annul ar bottom surface
for forcibly def ottathgentthe panel . An undercut groove is |ocated on the

out side surface i medi ately bel ow the displacer for receiving a cold fl ow
of def wyfeidvieaniretoBid@ipraing: A plurality of axially extending
circunferential teeth are |located i nmedi ately bel ow t he undercut on said
external surface., i) haghiaPSbising shiadd AIKEE I 3151 Ga bARBALIGoHAEr Cut
but are of | esser dianeter than the displacer.” A chanfer exteﬁds downwar d
a inw@rgﬂ%(&{on1said teeth termnating at a circular cutting lip at the
b ton1gﬂ f°t he fastener. The present piercing fastener is preferably
used with a panel which is a netal sheet. The top portion of the

t hr oughbore nay HebaresHdre IHInPeovR e aRqtieahpritien theFeod taaynativewhi ch woul d
therefore attach the device to the panel. The teeth can be triangul ar

knur | s shatptrishkr pdgedige penwitriating prethpencit e t he sheet as the fastener is
applied. The triangul ar shape of the knurls is provided by a flared | ower

surface of the undemforccdbm\collandcitbeatahaniselof thd Retel ¥xtbRlsaudinlly frém
facilitate piercing the sheet, the barrel inner wall is cylindrical along

its bot i e L ercl ting |ip.

Fi 1 g oy R el a0 B RS ElehotR B PPAEH BRI it D, by
an.outwardly, flared | ower, surface pf the undercut. In this respect, before
okl ai A ebionsQHace RETH 48 e e ACOSMERLPRRVA IO | n detail, It |s to be
understood that the invention is not limted inits apPIication.to t he
detai | s of const rafcnBlr displaee legatedammgsiniphy helovosaid pellas gpghBIsEIing &et forth
in the follow ng descriptionor illustrated in the drawi ngs. The invention

i s capainhelanbotainh surfarifadionsbitly slcforohirgf saldepangl;pr act i ced and carried out in
various ways. Also, it is to be understood that the phraseol ogy and

ternminol ogy enpl ayagdbRuekBod Bcited oh BAd RUIsRRSArfRée HaasdiatblyiRbvagidd shoul d
not be regarded as limting. As such, those skilled in the art wl|

appr eci g ?aéepﬁﬁ.rééé?viﬁégg&gﬁa%o%b?%e o6 hite3aidl Scl osure is based, may

readily be utilized a asi s e ‘desi gning’ of other structures,

hods, and syste .or carryin ut the several purposes of .t pr esent
entton 1t ) s 4 Rpel B st St e B EE Tp@ydkiBe e
i ncludi ng such equival ent constructions insofar as they do not depart from
t he spibielaw said usdwspe opfsardxtqsnd surec pareé etk tCIRMEP DESHR ¢ImeRr than THE
DRAWNGS FIG 1 is a partial sectional front elevation view of the fastener
of t he sanmertrcanbeifg & Ickser dmnarer eldnasagiedigpitcopomidi on of Figure 1 as shown in
that figure. FIG 2 is a partial sectional front elevation view of the

installation setuypHaffferaRRINAINRA WISy ak ASAEMardlf et sadBiceBerndifia t3d are
partial sectional views of the installation seguence. DESCRI PTI OF THE

PREFERRE g@%&; : f ' t igure 1, a standoff fastener of the
invent?ggu% |shgﬁgéﬁﬁg%%gg%gggggp&gggg%%hal view. The fastener includes a

barrel portion 13 which has an internal bore 19 open at the top end and
bottom end. The bore in this enbodineg{ includes internal threads 15 to
receive a like-threaded fastener for tachment of an article. The base of
t he standoff includes a reinforcenent collar 17 which provides the
structural strength to receive the driving force necessary to install the
standoff and to control the deformation of the penetrating end of the
fastener 16 at the bottomFigure la is an enlargenent taken from Figure 1.
It shows greater detail of the penetrating end of the standoff of the

o, B ——r - . [ o A~ o e N 1 N 1 o o ~ ~ o, M



applied, the cutting lip 2 1 begins to penetrate into the surface of sheet
33 which is supported on the backside by anvil 37. The installation
sequence WO 28tpmsmobn Fi gures 3a-3d. As illustrated in tReTASRIgUsSIST t he
cutting lip 2 1 at the | eading edge of the shank cuts into the surface of

t he sheet 33, Th ter teri of .the shee rmtt to fl ow upward
in the center of é£$§§¥ 8?”% dw5¥§BSQ?SHWHE§Hthﬁ¥§@ﬂ urface of Phe
shank which includes radially projecting triangular shaped knurls 25. The
out si de of the shkhefasipres of nlélruaewsheamnamdéfreém@rezaawaéﬂmu@sf| |l ed when the
di spl acer 27 presses the netal downward into the undercut as it closes in
over the knurls thus locking the part in place. Therefore, the foregoing is
considered as illustrative only of the principles of the invention.
Further, since numerous nodifications and changes will readily occur to
those skilled in the art, it is not desired to limt the invention to the
exact construction and operation shown and descri bed, and accordi ngly, al
sui tabl e nodifications and equival ents may be resorted to, falling within
the scope of the invention. What is clainmed as being new and desired to be
protected by Letters Patent of the United States is as foll ows: CLAI M5 What
is clained is: 1. A piercing fastener being attachable to a panel and
havi ng neans for attachnment of a device thereto, conprising: a barrel
havi ng an axi al throughbore and an outside surface extending froma top end
to an open bottom end thereof, said throughbore including an inner wall of
i ncreased dianeter at a bottom portion thereof termnating at a sharp
circular edge for penetrating said panel; a reinforcenment collar |ocated at
the base of the barrel extending radially fromsaid barrel's outside
surface, said collar being the | argest dianmeter of said fastener and havi ng
an annul ar top surface adapted to receive a downward pressing force; an
annul ar di spl acer | ocated i nmediately below said collar and including an
annul ar bottom surface for forcibly deform ng said panel; an undercut
groove | ocated on said outside surface imedi ately bel ow said displacer for
receiving a cold flow of deformed panel material; a plurality of axially
extending circunferential teeth |ocated i medi ately bel ow sai d undercut on
said external surface, said teeth extending to a greater dianeter than said
undercut but being of |esser dianeter than said displacer; and a chanfer
extendi ng downward and inwardly fromsaid teeth termnating at a circul ar
cutting lip at the bottomend of the fastener. 2. The fastener of claiml
wherein a top portion of said throughbore is threaded. 3. The fastener of
claiml1 wherein said teeth are triangular knurls. 4. The fastener of claim
1 wherein said panel is a netal sheet.5. The fastener of claim1l wherein
said inner wall is cylindrical and coaxial with said barrel at said bottom
portion thereof and extends to the edge of said cutting lip. 6. The
fastener of claim1 wherein said undercut has an outwardly flared | ower
surface. 7. A piercing fastener being attachable to a panel and havi ng
nmeans for attachnment of a device thereto, conprising: a barrel having an
outside surface extending froma top end to an open bottom end thereof, a
bore including an inner wall at a bottom portion thereof termnating at a
sharp circul ar edge for penetrating said panel; a reinforcenent collar

| ocated at the base of the barrel extends radially fromsaid external
surface, said collar being the | argest dianmeter of said fastener and having
an annul ar top surface adapted to receive a downward pressing force; an
annul ar di splacer |located i medi ately bel ow said collar and including an
annul ar bottom surface for forcibly deform ng said panel; an undercut
groove | ocated on said outside surface inmedi ately bel ow said displacer for
receiving a cold flow of deforned panel material; a plurality of axially
extending circunferential teeth |ocated i nmedi ately bel ow said undercut on
said external surface, said teeth extending to a greater dianeter than said
undercut being of |esser dianmeter than said displacer; and a chanfer
extendi ng downward and inwardly fromsaid teeth termnating at a circular
cutting lip at the bottomend of the fastener.8. The fastener of claim?7
wherein said outside surface is threand. 9. The fastener of claim?7
wherein said teeth are triangular knurls.



