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| MMUNE TOLERANCE, AND METHODS FOR MAKI NG AND | MPLANTI NG 5CROSS REFERENCE TO
RELATED APBLDGAFSTN This application clainms the beagfiskolefsg@ss ority
under 35 U. S.C. 119(e) to U S. Provisional Patent Application No.

61/ 545, 465, filed COctober 10, 2011. The entire disclosure of U S

Provi si onal PayigiiaMPRBIIEMEMIARL DEVEARS ‘@@ﬁ‘HSINUIGQA@EDQMMUP@E ein by
ref erence. 10FI ELD OF | NVENTI ON T R%WE' nvention relates to the

contacting one or Qg D& ]e,H!EE evice with one
or nore diketopi per azr nes %W% ﬁ%ﬁ%ﬁ %ﬁ’l WWO\I | mpl ant ati on
of a nedical device into a patient's body can trigger an abnormal 15 i nmune
response by the pati ; i j eptance of the
i mpl aﬁt and can resm$iwmgﬁLﬁgwﬁﬁ3&Wt hi s can mean
extended i nf| ayamphpRRatidi @hieds thé s&eﬂiofm(ﬁﬁyma@er BN Std. sgueehw Ud- up that
may cause conplications as well di sconfort. These effects sl ow patient

recovery Ripdsontldiatent Appheationdyo. @&4@&651 fited Ogtaber bh 2020STUMVARIYCOF THE

| NVENI T 1sclosuae fktﬁ Spﬁteo%les?otqa patgrﬂ% rflc oOnVNg e6sl/§4%r %6% i8 &cg dor«lltgd Rergﬁ)ﬁ)r £ an
i npl ant abl e Tmedi evice tor 1 'na” st

cont act i ngfetdiecdevice with a DKP The i nvention furt her pr ovr des for
a nmethod for inplanting a nmedical device con}Err sing inplanting a nedical
devi @ into a subject, wherein a HELDOF BYVENTIQNi ce 25 conprises a DKP.

" Ge Ahect LIgR O RIREL 1 SRR imRbaN 10 f orm =

and Rz, m?pm\?ﬁmmbﬁftlmvmmﬂmnedjrmﬁc&e dikictopgmecdrines : (D((@)s).aI si de chai nI of an
am no aci d, erein the val i ne, norvaline,
a- am noi sobutyric acid, %Eﬁ(ﬁﬁbﬂﬁ@ fﬁ%\éﬁ@%ﬁﬁ. am nobutyric acid,

I 'euci ne, isol QHﬁ)'la{h@atlo'ﬂfo|a%lé‘d1&¢de\§€é inffa p2RATPBES B8, trl%élé'r%ﬁ%bﬁkﬁmaiis partic
acid, asparagine, glutam c acid, glutam ne, |ysine, hydroxylysine,

hi st i18i nemnamgirespoese hotio aaigintis ﬂvedy awhnqhuls hithreat tp Herackentanvicrnd the implant

p- am nophenyl al an i ne t hyroxin cyst.eine,.

Pomocy st aFs FRENTGATIES SRu Eof IR AR oY e g B  Buever |

t hat V\herhlgﬁerlrﬁkbhﬁlfé&lehdﬁldq{s@wb@fd @sthal By Baise todplidaaiBhH welhen R2 cannot
be the side chain of sine or ornithine, and when is the side chain of
| ysi ne ordlﬁﬂomf@ﬂ’ﬁrﬂefse@ eats oW patersreigy ctadgifigs mdeaifvrtsr mesicat agi ne or

gl ut am nqnte(\p% 5!1 is -CH2- CH2- CH2- or -CH2-CH(OH)-CH2- and together with

t he 15adjacent ri'ng nitrogen forns proline or hydroxyproline, R2 is -CH2-
CH2- Gg2- or - CH2- CH( OH) - CHSUMINEARVERF MTHE YWNVIENITOMNd] acent ring nitrogen
forms proline or hydroxyproline, or_both R and R2 are each |ndependently
- CH2- CH2- CH2- B resapt inkgregpneexidesiona msghadre promeraan imwlangbie gisdical ng

ni t rogen of a side
chai n of %g%&%@rﬁ%ﬂ;‘éé&&ﬁo&% Qh){{&&@ eﬁlg%l (E)%atl%ér&@gr(ﬂge) %%eé%g{[ﬁlyﬁ?sﬁelfe recited in
(a), and the dBrei lnwﬂtmﬁdﬁiﬁhed@r@msrfoﬂmnthod for implanting @inhecaenl dtd2e gr oup

repl aced by an. -NHR3 ar -N( r.o rein _each R3 dependently be
D ubat s st NpRLupte Pﬂ?ﬁg%%%\?qﬂ%ﬂ f%%@) ?%é’ﬂﬁ?maﬁ%%@&gﬁ@? SRy, aryl,
al kyl-aryl n@,mgsadbﬁp.or heteroaryl; (ii) an -OH group replaced by an
-0-PO3H2 or -0OR3 group, wherein each R3 may independently be a substituted
or unsubst i t utle@nakiyert, theywttbedskaomprive adolt yompasiky the falgwingdotayilar v |

aryl al kyl or heteroaryl; (i('bi) a -COOH group replaced by a

- COOR3 group, wherein each R3
R2
O
HN\’H\R1

O

wherein:



30may i ndependently be a substituted or unsubstituted al kyl, cycloal kyl,
het erocycl oal kyl, aryl, alkylaryl, arylalkyl or heteroaryl; WO

2013/ 055MORCIB/I382912/ 059483 (iv) a - COOH group repl acedThs2@ 20808 R4) 2
group, wherein each R4 may independently be H or a substituted or
unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl, alkylaryl,

arylal kyl or hete[ya@ Which may be the same or different, cac %) @n -SH group repl aced
by -S S CH2- CH(NH2) - GOOH or -S-S- 5CH2- CH2- CH(NH2) - COOH;,  (vi) a - CHz-
group repl acedaby a sicHHRYE angymigo aGEy @hreinghoamino qoid is elyrineCeidngeoup
replaced by a -CH2-NH2 ar ..a - CH2-0H group; and/.or . oo .
(VIiT) an Hwhich is at tAlRed O g nc ErailkiaPaiF apitatddigyngustiartigen: or
a physi ol ogi cal | y- acceptabldansadButiiei®dilcucine, isoltd€ink adrR0tiab) seringdi cal
device can be selected froma graft, catheter, stent, prosthetic, breast

i npl aft, punp, tube, pi Monasering dreaiing papastic Hidtaspaninpebeamigastd. | n one
aspect, the stent can be ted. fr - d] . ng.. . . st ent and
a birth control 15 st erﬁﬁtﬁ{nﬁ%aﬁgfnﬁégaégxﬁgﬁu?é’ ?’ Esga%lr%b%rtgﬁl%’ gB@g%&BlZﬁe,

sel ected froman arti fi aitahllihé,phe@alatiint fp-amalopksrstalarink, ayrosint,i fi ci al
ankle. In still another aspect, the punp can be an insulin punp. In yet
anot her aspect, the i npl!BMQNIRR thEgrIs) CFEc 8oTMeCYSiio S¥tiBRNFmt er i al
selected from metal, st&ahicilnliB0bHhifdS oy RO er, HARRLER! ANfle
cerami cs. | n one aspect, the DKP i's adhered to the surface of the

i npl a0t abl e medi cal deviside chal dfrasparegiheor glspetng, thdneR DiRnotdei thpsidgnat ed

into the surface of the | | ant abl e nedi.cal device,.ln stjll anather
hebect Cihe DRP i o cont SRt PR RANES apf et & s Ridsisrati iy
device. . In yet anot heror%’i’lﬁﬁﬁﬁq, tﬁéﬁ%zidﬁﬁh&rﬂeaﬂé addediicaf as‘ﬂ@ﬂé' 8 ok S

contacted with a solution conprising a DKP, wherein the solufion adheres to
the device. In sone enbaitemines, the DKP that adheres to the surface of the

i npl antabl e 2 di cal. i i S kJpr into.the sur e of the

i mpl ant abl e caf@dégé%ié'@rz'ég%ﬁtoédtgg'tc%ﬁpﬁ@?@%ﬁaggéo%&e{ Wétfhﬁ | ant abl e
medi ¢l device, can be iadjaBntaimUitro@h folndproliné bt Mdréxydslide, ROG -CH,M In
still another aspect, the anount can be in an anount of about 50 ILIMto

about 100 ILIM In sone @bbHenem(3-¢HOHbREentnddpgesherorith he agipedn a

surface of the 30 inpla . i i 10 (0} s . about 1
ng/ cn2 to about 200 ng/ g@hﬁﬁ%@gﬁ#@ﬁ%§§Wg@%ﬁ%@c§ﬁ&qg'IC}[ ﬁfger
aspect, the concentrati agacloindcpandDKR @WHACHWHHE er afH1-OE(OHpICEHE ald e

medi cal devi ce exposed to the bad ia, about 50 ng/ an’Z. The subject of the
met hods can be a manmal o8¢ qrd’ﬂflhée& REH Fing nitrogns formy o ‘enbodi nent s,
the sjabj ect's immune tO'H?,fd rdifeldle device is increased by 5 the presence
of the DKP. Anot her e diment of the invention relates to an

i npl ant abl e ned) cala diewate; ofthedethaimosaur frasioe aofl, wherctighe emirpoarpt isoes a
DKP. In one aspect, the device conprises DKP. c i.sing.the foll ow ng
formula 0 R2NH HNRL O 1(5’(%t FEFHE @rﬂﬁld%? dthe ﬁr?‘{msé@e gt B same or
different, each is: (a) @ & OGERAURrGaced b3ahIRERCioH NS @by, WiRr@i NO
acid is glycine, alanine, valine, norvaline, a-am noisobu EXry c acid,

2, 4- di ami nobut yri ¢ aci d,cagh B- glasinhdrpbudoptly be ashbititytediof wasubstieicdakivhe,

norl eyci ne, serine, 15ho i hr eoni ne, _asparti i r.agine,

gl ut gzlﬁl”l c acid, glutam nec%ﬁ%ﬁfsk?'gzl,bte ch ?@%%géfyﬁ@ﬁgﬂ%?ﬁiagﬁﬁgyl %ﬁ{g%"?eﬁ?%g?
horoar gi ni ne, citrullingii) pheOH @bap rdptaced bah NOIFEMYIRL@RT BRwup! Whasinne,
tryptophan, thyroxine, cysteine, honocysteine, nethionine, penicillamnmne or
orni thi ne; provided, howd¢kR mapded nfly be @ sphdityted pensyhsiteted plkyl,

aspar agi ne or gl utam ne, 1 i i r

orni thine, and when R icgk{aﬁg%ygi% afeé c glltoﬁﬁglftaﬁgs@ﬁggﬁqg*l%g L?Jn%,%ér{)]ﬁgﬁ R2
cannot be the side chai HiiDf a aspaibgobueraptacgl by arCOOR’ (dduRwhiesein cach R*

- CH2- CH2- CH2- or -CH2- CH -CH2- apd together wth the 25adjacent ring
nitroden forms proline dé%%?%ﬁ?t&%%s,u péstujed or Wbsﬁqﬁd@?@i or
-CH2-CH(OH) - CH2- and to i j a1 i roline
or hydroxyproline, or b%?%f&%lﬂiyygga%&glro E%S\%%gb%%’%%%%}gé%%ﬁﬁgfgﬁ%g9483
each independently -CH2-CH2-CH2- or -CH2-CH(OH)-CH2- and together with the
adj acent ring nitrogens formproline or2 hydroxyproline; or (c)a derivative
of a side chain of an am no acid, wherein the amno acid is one 5of those
recited in (a), and the derivatized side chain has: (i) an -NH2 group

repl aced by an -NHR3 or -N(R3)2 group, wherein each R3 may independently be
a substituted or unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl,

al kylaryl, arylal kyl or heteroaryl; (ii) an -OH group repl aced
by an -0-PO3H2 or -0OR3 group, wherein 1l0each R3 may independently be a
substituted or unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl,

.



The device can be selected froma graft, catheter, stent, prosthetic,

breast inplant, punp, tube, pin, rod, screw, brace, plate and pace naker.
In yet arwohers/@spect, the device is conposed of materi CTaSk@enedss rom
netal, steal, titanium glass, polyners, plastics and ceram cs. 30l n one
aspect, the DKP is adhered to the surface of the device. |In another aspect,
the DKP is inpregnated KR?Q1RH§OE§%%?&§:Q&e& a JEWNGR?Y), bidupl WvhdreANQtieEr
aspect, the DKP is WD 2013/05574 [/ US2012/ 1059483 coated onto the surface
of the device. In yet adbvheyﬁ@smm@mﬁbrMéHdmamu@ﬁﬂmﬁégmmaab@dmmdaKYE

sol ution conprising a DK t he s heres t evi Cg
I n some enbodi nent s, theyﬁﬁgﬁyﬁﬁfgééﬁgP%@yf Eq’ i Ega%?f ﬁ%gﬁ%§?§e, or
is inpregnated into the (syunhagH g@(ﬁuﬁﬂ@pla@l@/u,y:fs grc}gogH@dH oOther sugf ace of

the device, can be 5 in an anount of about 1 ILIMto about 500 ILIM 1In
still 5another aspect, tHeHDRH&HOH)€OHOHe in an anDunt of about 501LIMto

Zbgﬂﬁ f ;22 l)]l‘_l 'ItVlhe devi certeigégzce%n%?&{p{ﬁ%é%iyﬁ 36%/% gﬁ%ﬁfngg
gg/ cnm2. In angt Per t ﬁSpngn) hh@k%gft:l@ggplﬁgedd@/ mﬁmﬁ%EHgggﬁg?}f%\l(}gg:ﬁo?pHﬁ of the
evi ce exposed to the body is abou ng/ c

I NVENTI ON The preé@ﬁﬁwlnventlon relates to the contacting (such as by
modi cal” devi coowi th one or psr RS R o e R A RS can”
suppri®@ss the i mune resdmhggngﬁ'a subj ect against the inplanted nedical

devi ce and .can,be referr 0 nonodul at ory DKPs. By the introduction
of DKPs toPHySQlRg @gzgpq) Wﬂﬁgﬁﬁggudevice the probl ens associated with

i mune r esponsghAaapldhtdbl StelicAer 8 2at HEVdIERed ﬁblln%r%a@ natHead] @&,
conplications) can be reduced. Wthout being bound by theory, by coating or
contact i mgoﬁhetlcn’pneaﬁtlmblaat peohipc ibe.200a v ceran, thiacs, Manduoa‘ﬁ@mblear: éved t hat
tovi be. - O et e G BEFEne L or L Y euhe! PSR FBrT bl
devi ce 10 h Hoihel d met hod
BSVPilépi‘f?iiﬁzlﬂsf?%*@%ﬁ%?ﬁﬁﬂ‘*@e n%%?.tﬁ‘?ﬁ%"b?felzaﬁ%‘f‘ﬁgﬁ*‘?%?ﬁ?ﬁh?gﬂi?ﬁ%ﬁi‘%SFCa|
olfewt ﬁe 3@6%11%& prigicil pde-cha S“élea&lio@@; %’GP'E%I@ P&Wé’i;@né?ﬁ%ﬁé’ﬂﬁlpa Byrface
0 e

inventio e?%ﬁg%&?@ +§%ﬁa achaﬁ&%e%$g%, mﬂ&ﬁglﬁog gﬁr 5%%&%(P§ e device
conpr|se3naamkﬁ%ltumnunlgkﬁ&Ikmmnaagﬂmﬁmmmmbuimhesance of an inplantable

nmedi cal deV|ce and/ or for l.anti ng a medi cal Vi.ce, e dev e and/ or
the surface ofMORE2gsGH & lefgﬁ h@ﬁ‘%ﬁﬁ@%ﬁﬁé@ a€ ]&Pi@glﬁedﬁ?dﬁ 45YiRe (DKP)
of thg Prgsatthet &g@&t O HIRN iRGr I%ﬁ@teﬁ%tb% ﬁQfaEQBME <i"rnpla}{sgole medical

2013/ 055749PCT/ US2012/ 059483 0 H HNR1 (1) wherein: and R2, which
may be t heveamin gill diotlicergpct, tealdKPiis codted ents tdesuciaad of thé 1ra1viamuabhao acid,
wherein the no acid i | yci ne ani orval i ne,

e noi SBEiCTaRReES B VS ot ARiu e rp BougbRim&Ge 8 Rbeed it aci o

| euci ne, ziﬁﬁhﬁ%Qbﬁ@mwﬁ@@h?ﬂPP@Eﬂeﬁﬁhéﬂﬁwmﬁﬂﬂﬂéﬁ%MQﬁwckbkson'ne aspartic
acid, asparagine, glutamc aC|ddégPutanlne | ysi ne, hydroxyl ysine,

hi stidine, ardnnpme eml’@@drmmngﬁ tie ¢hat pdhdreste thq)ﬁéfﬁyﬁ af theiimelantable
P- amz@OphrS &{cafilldgnll Q eo’r is 1 % a?e’d ihfo Fé glfl)r W@30or i % erngf ) %16 rngc% Ea?l &ice o
honDcystelne VRS en icilTamne or BN i‘ge & nomever

t hat V\herboaedloﬁtotthe s@ﬂfecbe ocflfted ihphintasPmeaighinRvive, @intﬁeaﬁlaﬂamohﬂm aBautciannot
be the side chain of §%S|ne or ornithine, and when is the side chain of
L

| ysi ne ortMrtepbaiit 380 upheh $8H angtsbespset. the@nsquabcaelrhﬁ iR ap pMRYPELTAGPH bor
9'“ta”inﬁﬂﬂ%égﬁiﬁhobﬁleHz CH2- CH2- or -CH2-CH(OH)-CH2- and toget her mnth
the adjacent ring nitrogen forns proline or hydroxyproline and/or R2 is

- CH2- CH2- CH2- Inrsomadﬁrbﬁﬁ-l(nﬁﬁ)s- (Ed&onefmﬂratlolgef the DK vh atshifacedjfaloent ri ng
nitro en fo roline or hydroxypr or (c)a depivativ

chai 0of E SRboMAEEH deyice capere F%%a of isbpi f ag/ge togot %%%Cmecl%t ed in
(a), and the derivatized side chain has: (i) an -NH2 group replaced by an
-NHR3 or -N(R3)2 group, wherein each R3 nmay independently be a substituted
or unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl, alkylaryl,
aryl al kyl or heteroaryl; (i) an -OH group repl aced by an
-0-PO3H2 or -0R3 group, wherein 25each R3 may i ndependently be a
substituted or unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl,

al kylaryl, arylal kyl or heteroaryl; 7 WD 2013/055749PCT/ US2012/ 059483
(ii1) a -COOH group replaced by a -COOR3 group, wherein each R3 may

i ndependently be a substituted or unsubstituted al kyl, cycloal kyl,

het er ocycl oal kyl, aryl, alkylaryl, arylalkyl or heteroaryl; (1v)
a -COOH group replaced by a -CON(R4) 2 group, wherein each 5R4 may



chain, the specified group is replaced by the other specified group. For

i nstance, the forrmula of the isoleucine side chainis -CH(CH3)-CH2-CH3. If
t he ter mwel2013@3374gr oup i s replaced with a - CH2- OH gr oupCTtusee12t0h®s83 or mul a
of the resulting derivatized isol eucine side chain wuld be
-CH(CH3) - CH2- CH2-0H. As anot her exanple, the fornula of the 20al ani ne side
chain is an63r adpbctonR BhednbiBtidly §f RO DK RSP FBursclof Rl ARRIh bl @ dicqr | ne at om
then the resulting derivatized al anine side chain would be -CH2-Cl. Note

t hat the dsivide capesica tothedogy isrbois50 #g/emd, if this His replaced by a

chl orine (or her ., hal n t t.he resul ti.n lde.chain will -d, with
the chlorine gt%rﬁugkefta%ﬂg%ﬁeﬁ'oﬁ%aq]?enagmélénpbaﬁfﬁn‘?galag a hﬂfnalzl' -Cl) 25Preferred
are di ket opi pghagingembebigieity) tha subfS2t Ofmbeidiol Barch o gcdrvieba McRbscatyarti c
acid or glutamc acid or a derivative of such a side chain wherein the

- COOH5gr dbppicsencepf HeddKBy a - COOR3 group or a - CON(R4) 2 group, wherein R3
and R4 are defingeaBa%aimGh of Hein W RHR Al RMRANMG O LaRLRIEILed are

di ket opi perazines conpri sing & 'Sl de chains of a parﬁlc aci d and al ani ne
(Asp- Al a vidikreiara sbffadddthe tdecestoteprisbais DKRfInIDe ghpeca thecdedidetoaipdised @ani ne
(Qu-Ala DKP or EA-DKP), the sjde chains of tyrosine and aspartic acid
(Tyr-AspIERBCBW@VB@gﬁﬁﬂ?”9WEl PHBUIghai ns of tyrosine and glutamic acid WO
2013/ 055749PCT/ US2012/ 059483 (Tyr-A u KP or YE-DKP) and derivatives of the
aspartic acid or glutamc acid side chd| ns of these four diketopiperazines
wherein the -COOH group is repla b -COOR3 group or a -CON(R4)2 group,
wherein R3 and R4 are defined above.YAl soNtpreferred are di ket opi perazi nes
wherein R and R2 are both hydrophq%gc side 5chains (e.g., the side chain
of phenyl al ani ne) or hydrophobic si ' Qerivatives. By "hydrophobic
side chain derivative" is nmeant that t deri'vati zed side chain which is
hydr ophobic. In particular, preferred e di ket opi perzines wherein R
and/or R2, which may be the sane or different, each is the side chain of

gl ycil9e, wehaaeinne, valine, norvaline, a-amnobutyric acid, |eucine,

i sol euci ne, naqyil eucine.or phenyl al ani ne,..and/or Rl and/or R2 10 is

- CH2- CH2- CH2- naﬂlgtc%ggpﬁé‘rlgwel?%hf KES 8] Qé’%ﬁetm’rﬁafl} Bgen aton(s) form proline.
O this group @f CoR@UEAsH ofMRSdmiRG Gt WEREkeRIt8e hthotickEls QP dRARY, alhineS
conprising the side chains of glycine and | eucine (Gy-Leu DKP or G.- DKP)
proline and phenyl al ani nalippmerpiac.pkpminoioputpPycidahd-dgramohetyaadcigs ol i ne
(Aa-Pro DKP or AP DKP)., it ONRIu@ISL SLIGH, ALKELOR! BeraghnsgugLe those
wherein R, R2 or both i8 &80 ae 15 Ehai i o et O 'me, "t'he °S1'de chai n of
argi nisne or a derivati veoplosties ehrsordee, abirtisacid/sparpgiad, eiitedicdcid,hi s group
is a di ketopiperazine wherein Rl is the side chain of nethionine and R2 is
the side chain of argi nig&amuss lyamng. brdeosdysyre blepylinegyrgingicy BOMAYEHINGT  an

N2 G GOCH backbone of o TipD e PoRfi-f) AhAT sadshg | e comen
20i nstance, the side chatyptgthaglthgionmei systdie, hbmosystieng; haithomhe,al ani ne i s
-CH3, and the side chain of .serine is.-CHOH.. By "hydrophebic" is
meant a side chain or silf “@ﬁ%WHGB%Q¢W%¥¢V@°Y%%@kp§@ﬁ%éﬂﬁ¥§éﬂggt“tﬁe
physigl ogi cal pH and is §geNGhIneg BYardfin@GHERKSNiI RO N I cannot be the siBY " al kyl”
is neant a saturated straight-chain or branched hydrocarbon containi ng
251-10 carbon atons, pr ehematfllyside &,orgishiborndides R it thasideahkiplof lyssems a
saturated straight-chain or.g{an he ZQYdr%ﬁﬁQ on.,c ntaigin 1- 6 carbon

at ons. By "cycl oal BPMHS (bR canao DG Ay dae @%ﬁ&?? RYGPEEEl bon

containing at |east one dlitgincgach ring containing at |east three carbon
atons. Preferably, the cycl oal kyl contains one ring of 4-8 carbon atons.

30By " het er ocy®) oalfkyib “CHs Cbaalt-@r cGHb-6&1 (- Gdxriang tegstheomithdhe of t he

ring .garbon atons of at J e. ri . AL 0. r N
W0 3033] 085740pCH Us201 2 BREY TR m%get“g?m%%ﬁ”g SELREEH oRYRORD e P! gr oup
havi ng at | east one ar on®j-CHyi ®ig-CHB-CH(ORRERY! dnd together vidyh thalakjakartyl " is
meant a | ower al kyl having an H replaced by an aryl (e.g., -CH2- Co6H5 Or

- CH3CH( C6115) CH3) " 5By " 4R irrgamforras proking onhy dexyprelane: pigboth RHapd Bl aked by
a lower alkyl (e.g., -Co6H4- CH3) . By "heteroaryl” is nmeant an aryl
havi ng one or nore of the ring carbon & ons of at |east one of the rings
replaced by an 0, S or N. By "substituted" is neant that the noiety is
substituted with one or nore 10 substituents selected fromthe foll ow ng
group: -OH, NH2, -SH, -COOH and/or a hal ogen atom By "hal ogen" is
meant chlorine, fluorine, bromne or iodine. Preferred is chlorine or

brom ne. Met hods of naking di ket opi perazines are well known in the art, and
t hese net hods 15may be enpl oyed to synthesize the di ket opi perazines of the
invention. See, e.g., US. Patents Nos. 4,694,081, 5,817,751, 5,990, 112,

™ NN N o N - = A L~ O™~ 2




fromthe diketopi perazine. In doing so, the use of strong acids (m neral

aci ds, such as sulfuric or hydrochloric acids), strong bases (al kaline
bases, swwb283/q3614assi um hydr oxi de or sodi um hydr oxi de) PCRS 262064383
reduci ng agents (e.g., lithiumalum num hydride) should be avoided, in
order to maintain the chirality of the final conpound. 25D peptides nade on
solid phase resins can Qﬁcﬁﬁﬁkggﬁ@m%ijqetgg&gﬁ-BfQﬂﬁ}bﬁ“@ﬁ@«ﬁ@}Qn@ne st ep.
See, e.g., U.S Patent No. 5,817, 751. #%r i nstance, the resin having an
Nal kyl at ed di peptide at ttagdiea With haggienc dingmitragens fremarrolind erene/ et hanol in
t he presence of acetic chd gekﬂub,lwa or triethylamne (e.g., 49%.
Typically, basic cycliz R YR ATt ons are preferred for their faster
cyclization ti@ps. SQFRafveH 8dd BRirdokeat HRnpacidzivhrenl thé emiid &id iswher ei n
the amino acid side chains are derivatized, am no acid derivatives can be
used Bn the synthesis ofofthescasaepin trosandithedayyatized side chain has:

2013/ 055749PCT/ US2012/ 0594 i ' i3vat

di ket opi perazi nes can bg%dgfﬁ@gfgggg,&ggﬁﬁgygﬁéﬁﬁI|ﬁﬁﬁﬁéggﬁga&éggF&%ﬁg.,
those references cited afacvB’ may indepGhdvartly etlobisitatd oyeisubsitingedilkgpt | des

and of maki ng di ket opi perazi pes_are kno [n th rt_an an be used in the
preparation of diketopi wﬁﬁﬁﬁa@e@me@mﬁ@% %IFQ%EYI’@@(’I%I%YE%I@IQTWH i on.
See, e.qg., those referene | i ddidch @N e N .

g T8F 2! OF %guﬁgéb}'aﬁed IB’II aR9GLB0 &) or TORY group. wherein

di ket opi perazi nes suitab e present i'nvention can be nade as
descriobed bel ow from pr ateh RS mapdnepptdetdy be Esnbdtiented of ketibgityted atkiyhes f or

use in the practice of the ipventjon can be obtai ned. co rcially from
oo, M synthesi s Lt d.cooeafaf rieRepanah aR ol Rey ey arstctoars
di ket opi per azi nes of fora| @-@Obﬁpérblgﬁre%ﬁce@gﬁ%I-Qbe)lﬁffg%lﬂﬁ'vﬁféf@ﬁ SachiEgn can

be obtained by varying the configuration of the |ndiV|duaF chiral centers,
axes or surfaces. |n ot ety wdertndenthebei widsivpiedrogznpbstipfediadleytul as 1 and |1 |

i nclud [ i bl e di I I i i
nclude all possi bl e 0 LRI ool ok S| SRS,

di ketigpi per azi nes of the(id)na/&rtooﬂrgrawrel’pﬁﬁb@ey heCO3ER "), proupewnéraitdagle of

the invention. Physiologically-acceptable salts include conventional

non-toxic salts, such asksat Bderandertly bq 1dor prpbgiie¢ onwsybstitetad alkyk

hydr ochl ori ¢, hydrobrom [ Mo LEgd i.ke),
organi ¢ acids (such as é%%??%II§F%%F>2@3@923%@1%I@Igéfﬁﬁéﬁpg?géﬁééﬁIg,
lactic, malic, tartari c,(vEiah-§H, grglpuicplatel byaspsQH cCHIEHZ)I0C OO Had iSe$H i c,
oxalic, ascorbic acid, and the like) or $ases (such as the 20 hydroxi de,
carbonat e or bicarbonat ]%Tcyiﬂﬁggﬁ%@' @élly-acceptable metal cation or
or ganjpc cations derived omd N-dd € el } C 1 ne, or
ethypgnedianine). The sé%fsygﬁgbﬁggggggﬁbﬁaﬁgéggﬁ@ﬂ%?I%ﬁ%fﬁaggﬁﬁgﬁﬁgIg., by
neutralizing the free bdse) icChh gfoupheplecvdyund id-NH; ana aCHeOH gromps been
found t hat diketopiperazig S suitable for use in the present invention are
25 present in sone comel¢iCAl | y-avail abl e i ntravenous pharmaceuti cal

conposi tions contai ni ng @i A wHiFAHRASHRAY b BarBbfl aRnyiple8Pbehi N. The

di ket opi perazi nes present in these pharmaceutical preparations are forned
by the heating steps of thatpagseqr i n t he manufacture of these pharmaceuti cal
conpagi tions.. The heating..hesul ip cleavage and cyclization of the two
N-teﬁﬁina?paﬁﬁI¥§”?%€CE¥%%¥%$ﬁ%I%Eﬂfno acids of the proteins to 30form

di ket opi per aziTRSdevic¥oa2 04 3¢18H&V ARG T rbS2Q 1D 548 FprdsEaid bir@btimplant,

di ket opi perazines for use in the present invention can be prepared by

heati ng SBIUL (WDSsPIBf rod) saiet rbrasonitdiroriddnas makere Ay e dice pINsCla i dsviser
proteins : i , S tl.on I 1 i bul i n,
erythrop&?g@P &%gogﬁ%Irgﬁ&%sé e|%ﬁé%gﬁé%I#H%ﬁﬁﬁﬁ%ﬁggpﬁgbﬁkgﬁggﬁﬂ&%%ﬂheutra
pH i s prepeanads. Preferably, the solution is 5a concentrated solution (e.g.,
about_100-500 mV) to achi eve protonation of the N-term nal and/or

C ter¥i nal anilA@ngemsct IIIWé)ggl%'t“IhﬁFFadi 1g thip A g 8 e @eviFr T HGMCABSEL 2 hour s
to sever ghe GRS naf)%gﬁét@@ Info ARQUHa SANS derli&. GRYUAR aﬁ%@%tsgea, AL pidieis

di ket opi per azi nes. naturation of the protein should, preferably, be

avoi ded. This can be acconplished by using shorter tinmes and/or by addi ng
caprylic acid or N-acetyl tryptophan at> about 0.02 M 10for each.

Di ket opi perazines for use in the present invention can also be prepared by
contacting a solution of album n, inmmunoglobulin, erythropoietin or another
protein or peptide with an enzyne that can cleave the two N-term nal am no
acids fromthe protein or peptide (e.g., dipeptidyl peptidases) or an
enzyme that can cleave the two C-termnal 15am no acids fromthe protein or
peptide (e.g., carboxypeptidases). Suitable dipeptidyl peptidases and

car boxypepti dases are available comercially from e.g., Sigma. The

. o o, 1 1.  r r o



The di ket opi perazi nes of the invention can be adhered to, inpregnated into
or 5coated onto the surface of the inplantable nedical devices. For
exanpl e, w0 20mpisamwed nedi cal devi ce can be contacted wpPCh/ts20BB5@8Mt ai ni ng
solution, wherein the solution adheres to or inpregnates into or coats the
i npl ant abl e medi cal device. The concentration of the DKP that adheres to or
i's coat ettt ®nid e SRS 1R d 8. 'Iﬁr%taa'ﬂbﬁgr E%Q&tctfh'e d@@l\éb Econfitd8yita a

range with a | ower endpoi nt of about about LIM about 10 ILIM
about 1020lutionhpvpmaheing aw(lP,merelabmﬁolm@mathMes abthatdeﬁoel LIM about 60

ILIM about 70 1LIM b ut 80, .| about 9011, 11\ ut, 10011..11\ 4,

about 11011, 120 2omasppitlayt; teroR B Gitferdgine urlipe SERSEMRE S 1 11 4.
about 15Qbrebhhtdd ib ekt sutR0d df thd \ddvicabostatetdhid tht burfaccadrabd deh@&] danldd 4,
about 19011.I1\4, or about 200 ILIM In addition, the concentration of the
DKP t Rat 1a@Remesntel abput kuloatabeuicI0eMhén il ansker gspachéhd REPamavat easdi cal
device ¢ poi nt of about 15 500 ILIM
about 47 |EF1 aﬂm @gg@g&%ﬁg spa bﬂ;@ﬂl LIM about 400 ILIM about 375
ILIM about 336 sblhlenbabmHntsB% dohtdvitraciboof thd K bih Msudinewif tikldevidel M about
300 ILIM abo 90 I LI.M, about 28011.11\4, apoyt_ 27011.11\4,  about

26011. 11\%190%369.5*%6118 A0 | PisBLo B5r0T RO %B%omarﬁ@mm@fi 4he apout
22011, 11\ o OfraBtORHE thd Bk b M 1'f£l:h%fft1‘rbf dR&e &Bi%%ﬁ't bogg il ouPsEsent

i nvention, t e concentration 0? e DKP on 20 a # a nedi cal device
t hat 10s exﬁnsed to the body when inplanted can be |n a range with a | ower
endpoi nt of about 1 ng/cnR, about 5 ng/cnR, about 10 ng/cnR, about 15

ng/ cn2, about 20 ng/cnR, about 25 ng/cnR, about 30 ng/cn®, about 35 ng/cn2,
about 40 ng/cn, about 45pRYCRIBTIONCOF BRENSANVERTIGROUt 55 ng/cn?, about
60 ng/cn2, about 65 ng/cn®, about 70 ng/cnR, about 75 ng/cnf, about 80

ng/ cn2, about BB Mgkohyentivoutlass t@ﬁlemgnen@ng @bdas scoatng impragnatitsout 100
ng/ cn2. Pre j abI tpe conce! tratlg/tﬁ ‘f‘ﬁﬁp .on surfgcerof a nedica
devi ce t KA s OB BBe e BOYYPWRER i Tt dh'ed“t & R a6 B g/ cn2. In

addi tison, dlkéieplpea@ew (n}mvs)nDMPstdae siifre R Mh@infthidcreshodke afenﬁdi]&ﬁh ey ce
that is exposed to the body when inplanted can be in a range % an up

endpoi nt th¢ implanted podicadaviseand gpphe refomedyg/as m@muaemetiulmw H&/Pé n@y th%out

TEEd bt e e v

ng/ cn®, abheuinek&pong! apathst alebudevitd(dagice fﬁl,ur@hﬁmatlérﬂt&oﬂgﬂlcaﬁEns)i&mme 135
ng/ cn2, about ;130 ng/cn?, bout 125 ng/cnP.
present i e SYitoRhbeRe howneihcoy, Bocing of a%%%tmg@eamp e@ : o8 lcalhor se
or h%an doPIENAIAPDKP. HCOSHOLEHat i pRos BRI SR PURGL.REHRI Mpjocas OF " an”
means one or nore. used herein, onpri ses’ corrprlsmg1 i ncl ude
within themmnsdobema¢krmadcuwer terns, such as conS|st|ng essential ly of
and "consi sti of ' | ternatj ve enbodi nents of the sent invention
char act er | zed HRup g dimss PR A TR R
"consi st llﬁﬁla%%o%ﬁlb&bélyde‘?fce in b Bﬁtﬁecﬁ bk @8 8tabtinB the deVite WHARDKRPOA Bl @i mto
the specified steps and materials and those that do not materially affect
t he basi cnzhedimenieés a gisthoddereimpdanting aghedierd devive by iropiamﬁl@ca osdigaldsvisien. |
Addi t.j.onal . obj ect nt a oveI t ur.e f t 1R nt. i nvention
wi || ibr’ec onrlrtg aaépl)l% feot the([jel olg%cesoglnlf 9%d'S’ COH%%S%Sr B y’ conS| egrg |&6rr111€% eﬂt]he
fol | ow ngh&presdrit Mivichfign emmbemabmeedleﬂldewce,gwle@faﬁral skefat ebf thedelits are
provi ded for purposes of illustration and 15are not intended to limt the
scope of RWrseRERKPon. EXAVMPLES Exanple 1: This exanple shows the results
of an anal ysi termne if
The prosence. off B By B SRR 20
col oni zatiiptantiBgeterdial dewcs ted devivelaadiok dre snefaghdf the dexyd:dwmmd&ejonmetekiact ones
and dlketop razi nes to njtiate biofilmformation regul ate col ony
gr owt™ h@ggﬁewgtp@rwﬂ} %t%eﬁrsiﬁnbewa&tf%ha(vmtbk%ql% SEUMHE t he
cleavage and cyclization of the N-term nal am no acids of human serum
al bum n has previously been denonstrated to be i mmunonodul atory for nenory
but not naive human T | ynphocytes. 25Methods: This study was an
institutional review board (IRB) approved study. Twenty two patients
under goi ng hardware renoval were enrolled. The renoved orthopedi c devices
were stripped of surface biofilmusing nethanol/amoniumformate. The <3kD
MNV mat eri al was col |l ected and di ket opi perazi ne | evel s anal yzed usi ng ani on
exchange high pressure |iquid chromatography coupled to negative
el ectrospray ionization 30 nass spectronmetry. WO
2013/ 055749PCT/ US2012/ 059483 Results: The thirty-three patients ranged in
age fron16 to 91 years, mnth a nmean of 54. There were flfteen mal es and
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Rod + Screws (hip) Staph (positive) 87.0 74 M Staple (knee) None 3.03 67 F
Septic hip prosth. Staph aureus 84.8 44 MPlate (clavicle) None 2.40 45 F
Rod + Scrwe=0(3#351e) Negative 30.9 87 F Screws (hip art rCirftisgg12ieme3 19. 9 33
M Rod + Screws (knee) None 6.03 45 M Rod + Screws (ulna) None 9.05 31 F Rod
+ Screws (ankle) Bacteroides+ Strep 53.7 Table 1 Cont. 52 F Brace +
Screws (tibia) done 9.02 58 F Screws (fenur) Staph (positive)

R2
NH

HN 1
R

o) 1M

wherein:

R' and R?, which may be the same or different, each is:

(a) a side chain of an amino acid, wherein the amino acid is glycine, alanine,
valine, norvaline, a-aminoisobutyric acid, 2,4-diaminobutyric acid,

5 2,3-diaminobutyric acid, leucine, isoleucine, norleucine, serine,

homoserine, threonine, aspartic acid, asparagine, glutamic acid,
glutamine, lysine, hydroxylysine, histidine, arginine, homoarginine,
citrulline, phenylalanine, p-aminophenylalanine, tyrosine,
tryptophan, thyroxine, cysteine, homocysteine, methionine,

10 penicillamine or ornithine; provided, however, that when R' is the
side chain of asparagine or glutamine, then R? cannot be the side
chain of lysine or ornithine, and when R' is the side chain of lysine
or ornithine, then R? cannot be the side chain of asparagine or
glutamine;

15 (b) R' is -CH,-CH,-CHj,- or -CH,-CH(OH)-CH,- and together with the
adjacent ring nitrogen forms proline or hydroxyproline and/or R? is
-CH,-CH,-CH;- or -CH,-CH(OH)-CH,- and together with the
adjacent ring nitrogen forms proline or hydroxyproline; or

() a derivative of a side chain of an amino acid, wherein the amino acid is one
20 of those recited in (a), and the derivatized side chain has:
(i) an -NH, group replaced by an -NHR? or -N(R?), group, wherein
cach R® may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(ii) an -OH group replaced by an -O-PO;H, or -OR’ group, wherein
25 cach R® may independently be a substituted or unsubstituted alkyl,

cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
7



28.4 74 M Brace (clavicle) Negative 7.02 6 MPlate + Screws None 22.4 60 F
Rod (osteonyelitis tibia) Negative 3,063 58 F H p Prosth. Negative 23.0 66
F Rod (feworal3osStiaph +Strep 235 45 M Rod + Screws (ti bipa)/uSe@ni039482. 9 55 M
Nails (fenoral) G amt+ 70.4 54 F Ankle Prosth. Negative 34.7 24 M Screws
(tibia) Gam+ 9.75 91 F Screws (hip) None 3.91 44 MPlate + Screws (ankle)

None (iii) a -COOH group replaced by a -COOR? group, wherein each R’
may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(iv) a -COOH group replaced by a -CON(R"), group, wherein each

5 R” may independently be H or a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-
CH,-CH,-CH(NH;)-COOH ;
(vi) a-CH;- group replaced by a -CH(NH,)- or a -CH(OH)- group;

10 (vii) a -CHj; group replaced by a -CH,-NH; or a -CH;-OH group;

and/or
(viil) an H which is attached to a carbon atom replaced by a
halogen; or

a physiologically-acceptable salt thereof.

15 By “replaced” is meant that, with reference to the formula of an amino acid side
chain, the specified group is replaced by the other specified group. For instance, the
formula of the isoleucine side chain is -CH(CHz)-CH,-CHj3. If the terminal -CHj3 group is
replaced with a -CH,-OH group, then the formula of the resulting derivatized isoleucine
side chain would be -CH(CH3)-CH,-CH,-OH. As another example, the formula of the

20  alanine side chain is -CH3. If one of the hydrogen atoms is replaced by a chlorine atom,
then the resulting derivatized alanine side chain would be -CH,-Cl. Note that the side
chain of glycine is -H and, if this H is replaced by a chlorine (or other halogen) atom, the
resulting side chain will -Cl, with the chlorine atom attached to the ring carbon (e.g., R' =
-Cl)

25 Preferred are diketopiperazines wherein R', R? or both is the side chain of aspartic
acid or glutamic acid or a derivative of such a side chain wherein the -COOH group is
replaced by a -COOR? group or a -CON(R™), group, wherein R and R” are defined above.
Of this group of compounds, most preferred are diketopiperazines comprising the side
chains of aspartic acid and alanine (Asp-Ala DKP or DA-DKP), the side chains of

30  glutamic acid and alanine (Glu-Ala DKP or EA-DKP), the side chains of tyrosine and
aspartic acid (Tyr-Asp DKP or YD-DKP), the side chains of tyrosine and glutamic acid



14.2 46 F Screws (ankle) None 9.32 24 M Screws (femur) Staph aureus 53.1 68
F Knee Prosth. Negative 1.78 56 F Screws (knee) None 3.41 41 F Brace +
Screws (awmRl2ed3ogemst 20.4 61 M Screws (ferur) Negative 2CTS3eU2NFBBate +
Screws (radius) Negative 9.78 77 M Plate + Rod (hip) None 2.13 28 M Pl ates
+ Screw (ankle) None 12.7 Exanple 2: | sol ati on and characterization

of pepti Ct?§r-®1‘@DMP°6@YE‘-§)I‘fP)OJHin@H%t{\%§ Beale dpkes acﬂeﬁgru%%taad%tdet hi's
exanpl e further denonstrate that DKPs form on inplantable nedical deV|ces

such as ehdios oAthssafour diketopinskezines vdyrein thei-GEIQH Leipvis tamascd by ab{OOR’ The
5presence_of the t hese tubes RS ect to confer tol erance
to the td%%@’m¥h555§§%? @%ﬁﬁ§¥?% egnfh’ ‘Pﬁﬂ %#h&ing of coating

i mpl ant abl e meslise,refdervd @@Sdlk&d)iﬁﬂer@ﬁn@\\bh@éﬁﬁw ant U0e$e bovh hipdilaBKsbipkider to
i npl antation so as to increase the subject's innmune tol erance and/or to

decr edse hawng gcthesiderphpmrmfahenylalppigpbride diaphpbis StdﬁflféalnEh’ﬂU@tF‘@é hBal tubes
di scar ded‘h&&%@%‘tﬁ& Qfﬁ@ figh 'dX VLD | %{1&% h{a?H{éBng%ﬁz%gtsfde%F%n sl ected

into steri azard pouc es and transpor e Trauma
Resear ch Hyadbophdbicc dmpartibslaf, (preféﬂﬂe:d ab ﬂﬁd&&@l}&frmmmhdrmﬁ Rldatnﬂtbale,e\dhlch

endot r acheal bes form nt s t re onl ed for a few
hour s durm% %tltll}la JEPS oy\gllféuqyg Wéﬁ $gde chain o? gly\c,\{%e alanr%ney Vlélﬁne norvaline,

a-aminobutyric acid, leucine, isoleucine, norleucine or phenylalanine, and/or R' and/or R?
10  is -CH,-CH,-CH;- and together with the adjacent nitrogen atom(s) form proline. Of this

group of compounds, most preferred are the diketopiperazines comprising the side chains

of glycine and leucine (Gly-Leu DKP or GL-DKP), proline and phenylalanine (Pro-Phe

DKP or PF-DKP), and alanine and proline (Ala-Pro DKP or AP-DKP).

Additional preferred diketopiperazines are those wherein R', R or both is the side

15  chain of methionine, the side chain of arginine or a derivative of these side chains. Most

preferred of this group is a diketopiperazine wherein R' is the side chain of methionine

and R? is the side chain of arginine (Met-Arg DKP or MR-DKP).

By "side chain" of an amino acid is meant that portion of the amino acid attached
to the common NH,-CH-COOH backbone of all of the amino acids listed above. For

20  instance, the side chain of glycine is -H, the side chain of alanine is -CH3, and the side
chain of serine is -CH,OH.

By “hydrophobic” is meant a side chain or side chain derivative that is uncharged
at physiological pH and is repelled by an aqueous solution.

By "alkyl" is meant a saturated straight-chain or branched hydrocarbon containing

25  1-10 carbon atoms, preferably 1-6, carbon atoms. “Lower alkyl” means a saturated
straight-chain or branched hydrocarbon containing 1-6 carbon atoms.

By “cycloalkyl” is meant a saturated cyclic hydrocarbon containing at least one
ring, each ring containing at least three carbon atoms. Preferably, the cycloalkyl contains
one ring of 4-8 carbon atoms.

30 By “heterocycloalkyl” is meant a cycloalkyl having one or more of the ring carbon

atoms of at least one of the rings replaced by an O, S or N.



Bi ofi | mand/or mucus is stripped fromthe proximal ends of endotracheal
tubes by 15placing in a sterile centrifuge tube containing 1-2 m of

chr omat ogwaphis/samh anal ysis buffer consisting of nethamolr/usSe0t25us3 50 Vi
ammoni um forrmate 40% wi th extensive washing using a pipette and agitation
on a vortexer. After the biofilmis stripped fromthe endotracheal tube,
the sediment iy pellef Seah¥in GRIMA S KOS hnBidedst §&eltomalic HiAg B g anal ysi s of
bacteri al content The biofilmsupernatant is collected for ana ysi s of
protein abdnyldrge 20 nol ecul ar width peptides. An aliquot of the biofilm

3000 wied, st oo Tt % pkPA PP B Tiel T it B8 16Pon . .

The filtr@in drscggﬁﬂ{gg%ﬂgytfﬁgr anal ysis of <3 kD nol ecul ar wei ght pepti des.
Super nat ants cont ai n gher nol ecul ar wei ght material are anal yzed by

hi gh 25 perfor%r%@allwguﬁ @icenrasny gy insrap 1 rRlaed Wirdpwer alkyli(egd -Colily:  USA)
coupl ed t?H ositive electrospray ionization tine of flight mass

spectrone {) (+ESI - TOF M5, M cromass, UK). Each supernatant is diluted 1:10
wi th dH20. 10IBl§t “lafcreagly is arphteani a3yli hmjvmgtceﬂ obAiode af tHdcnPaeiboRPnaing of-dPR, 150
mmx 4.6 HPLC co heat at 50C (waters, MIford, MA USA)
using a éeaSﬁP%?% ?Flﬁ%%?ep%f;g@b toﬁTo\{:l used 30water/0.1%trifl uoroacetic
acid (A) and L QB he{s%éa%tﬂ:ﬁh(e@tme ghﬁtﬁ}éﬁﬁ%d With hﬁ@oﬁﬁ&g is split

1: 20 (v:v) and 1nj ecte into the nmass spéectroneter with a scan range of 500
WO 2003/ GobAtdR@TYliSRAl1Pd0 S4B o tveng350@: mOH, NldneSHolG@QH amfl/d3@ helMgesour ce
terrperature of 100C, and gas tenperature of 250C. Al bum n (a nolecul ar

st andar d)? @Putes at 8.15 minutes and is visualized as a charge envel ope
from 1100 to Z50GhadZn® BhE&HEBhlbAle, Tdihe bieRinkhRidESe. FBRrAECEHIMNMd S the
deconvol ved to the uncharged parent mass using MaxEnt 1 (M cromass, UK).

The 5par extbromigs. spectrum is then integrat ed and rel atl ve proportions of

each species uI ate ach of 0-Da filjtrate
fraetione of HtEFefobSiuans Disiopincwaing Bis Sa FRED ook S dhRa Rbddstn o
chr onst oghapbyeripiBl£d to%zlﬁﬁeﬁyéﬂl@ rmkevmlwr@zmé‘dmf tmmptrﬁdmt ®ed, d1BSE.S.
spectroneter (LCT-TOF, M croma and quantified using a storage anion

10 excharngéenébN%ﬁ 40841 2857, 751 §/%?’.Q 12@05 -7 harsl ¢ 5. Bt &cRAtcind a 70: 30
/ th

VO as. ¢ RO HSAREPuMort RufIb TR I PER pliGle 3R O S6lo0 L Ba S F ¢ e

HPLC is 535'V4&68$ eﬁﬁ E(m{uth/ét an@idong. ede® Chiemt Deftdne BYB3EO-3PROCLIPOSIRtIRr USI Ng

negative el e pray io ion (-ESI af scan ranges of 80-1000
mz, coné’ot?tPl g’éc@f‘ufg ‘t’ﬁlc atﬁle@@%fﬁﬁg%ﬁf%? éyéﬁfeffétf‘c 15 and a gas
t errpgroat ure OfFO%%%ncp’%ﬁ%glp@l%mﬁemln%gﬁé}far&f GRf thﬂeﬁlzﬂ%a(ﬁnyﬁﬁ % single

monitoring the mass 185 In rrespo dsto DA- DK
prot on ( -ThesdipepDdeDiiA bel sutl‘éssmdzdl&'l&etlmdswalrh&nown qutlnntartfuse@ Ibymmwta@gisati ng

th d th d d
dor i ved MG ATt OB PO KRR 4R 2e5ive Mt R aurphesal Zg) o
known Co_rll%ﬁﬁaé' kIS MR, TF cBlisse J&Qé}magi are alngQalml@anﬁﬂlercthl

ng/ m ) he cal’i bration curve was found to be very |inear |ntf$1,|s range
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distillation. Preferably, the organic solvent is a low-boiling azeotrope with water, such as

acetonitrile, allyl alcohol, benzene, benzyl alcohol, n-butanol, 2-butanol, t-butanol, acetic

acid butylester, carbon tetrachloride, chlorobenzene chloroform, cyclohexane, 1,2-

dichlorethane, diethylacetal, dimethylacetal, acetic acid ethylester, heptane,

5  methylisobutylketone, 3-pentanol, toluene and xylene. The temperature depends on the
reaction speed at which the cyclization takes place and on the type of azeotroping agent
used. The reaction is preferably carried out at 50-200°C, more preferably 80-150°C. The
pH range in which cyclization takes place can be easily determined by the person skilled
in the art. It will advantageously be 2-9, preferably 3-7. When one or both of the amino

10  acids of the dipeptide has, or is derivatized to have, a carboxyl group on its side chain
(e.g., aspartic acid or glutamic acid), the dipeptide is preferably cyclized as described in
U.S. Patent No. 6,555,543. Briefly, the dipeptide, with the side-chain carboxyl still
protected, is heated under neutral conditions. Typically, the dipeptide will be heated at
from about 80°C to about 180°C, preferably at about 120°C. The solvent will be a neutral

15  solvent. For instance, the solvent may comprise an alcohol (such as butanol, methanol,
ethanol, and higher alcohols, but not phenol) and an azeotropic co-solvent (such as
toluene, benzene, or xylene). Preferably, the alcohol is butan-2-ol, and the azeotropic co-
solvent is toluene. The heating is continued until the reaction is complete, and such times
can be determined empirically. Typically, the dipeptide will be cyclized by refluxing it for

20  about 8-24 hours, preferably about 18 hours. Finally, the protecting group is removed
from the diketopiperazine. In doing so, the use of strong acids (mineral acids, such as
sulfuric or hydrochloric acids), strong bases (alkaline bases, such as potassium hydroxide
or sodium hydroxide), and strong reducing agents (e.g., lithium aluminum hydride) should
be avoided, in order to maintain the chirality of the final compound.

25 Dipeptides made on solid phase resins can be cyclized and released from the resin
in one step. See, e.g., U.S. Patent No. 5,817,751. For instance, the resin having an N-
alkylated dipeptide attached is suspended in toluene or toluene/ethanol in the presence of
acetic acid (e.g., 1%) or tricthylamine (e.g., 4%). Typically, basic cyclization conditions
are preferred for their faster cyclization times.

30 To prepare the diketopiperazine of formula I wherein the amino acid side chains

are derivatized, amino acid derivatives can be used in the synthesis of the dipeptides, the

11
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dipeptides can be derivatized and/or the diketopiperazines can be derivatized, as is known
in the art. See, e.g., those references cited above.

Other methods of cyclizing dipeptides and of making diketopiperazines are known
in the art and can be used in the preparation of diketopiperazines useful in the practice of

5 the invention. See, e.g., those references listed above. In addition, many

diketopiperazines suitable for use in the present invention can be made as described below
from proteins and peptides. Further, diketopiperazines for use in the practice of the
invention can be obtained commercially from, e.g., DMI Synthesis Ltd., Cardiff, UK
(custom synthesis).

10 The diketopiperazines of formula I include all possible sterecoisomers than can be
obtained by varying the configuration of the individual chiral centers, axes or surfaces. In
other words, the diketopierazines of formulas I and II include all possible diastercomers,
as well as all optical isomers (enantiomers).

The physiologically-acceptable salts of the diketopiperazines of the invention may

15  also be used in the practice of the invention. Physiologically-acceptable salts include
conventional non-toxic salts, such as salts derived from inorganic acids (such as
hydrochloric, hydrobromic, sulfuric, phosphoric, nitric, and the like), organic acids (such
as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, glutamic,
aspartic, benzoic, salicylic, oxalic, ascorbic acid, and the like) or bases (such as the

20  hydroxide, carbonate or bicarbonate of a pharmaceutically-acceptable metal cation or
organic cations derived from N,N-dibenzylethylenediamine, D-glucosamine, or
cthylenediamine). The salts are prepared in a conventional manner, e.g., by neutralizing
the free base form of the compound with an acid.

It has been found that diketopiperazines suitable for use in the present invention are

25  present in some commercially-available intravenous pharmaceutical compositions
containing albumin, immunoglobulin and erythropoietin. The diketopiperazines present in
these pharmaceutical preparations are formed by the heating steps often used in the
manufacture of these pharmaceutical compositions. The heating results in cleavage and
cyclization of the two N-terminal and/or two C-terminal amino acids of the proteins to

30 form diketopiperazines.

12
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Accordingly, diketopiperazines for use in the present invention can be prepared by
heating solutions of albumin, immunoglobulin, erythropoicetin and other proteins and
peptides. For example, a solution of albumin, immunoglobulin, erythropoietin or another
protein or peptide in phosphate buffer at neutral pH is prepared. Preferably, the solution is

5  aconcentrated solution (e.g., about 100-500 mM) to achieve protonation of the N-terminal
and/or C-terminal amino acid. The solution is heated at 60°C for from about 2 hours to
several days, preferably about 4 days, to cause formation of the diketopiperazines.
Denaturation of the protein should, preferably, be avoided. This can be accomplished by
using shorter times and/or by adding caprylic acid or N-acetyl tryptophan at about 0.02 M

10  for each.

Diketopiperazines for use in the present invention can also be prepared by
contacting a solution of albumin, immunoglobulin, erythropoietin or another protein or
peptide with an enzyme that can cleave the two N-terminal amino acids from the protein
or peptide (e.g., dipeptidyl peptidases) or an enzyme that can cleave the two C-terminal

15  amino acids from the protein or peptide (e.g., carboxypeptidases). Suitable dipeptidyl
peptidases and carboxypeptidases are available commercially from, e.g., Sigma. The
reaction should be conducted at pH 6-8, preferably in a buffer, such as phosphate buffer, at
a temperature high enough to speed the reaction but not so high that the protein is
denatured (e.g., 37°C).

20 The amino acid sequences of numerous proteins and peptides are known, and a
protein or peptide with the desired N-terminal and/or C-terminal sequence can be chosen
to give the desired diketopiperazine(s) using either method. Also, peptides with a desired
sequence can be synthesized by well known methods and used.

The diketopiperazines can be purified from solutions containing them, including

25  from the commercially-available pharmaceutical compositions comprising albumin,
immunoglobulin and erythropoietin, by well known methods, such as size-exclusion
chromatography (e.g., Centricon filtration), affinity chromatography (e.g., using a column
of beads having attached thereto an antibody or antibodies directed to the desired
diketopiperazine(s) or an antibody or antibodies directed to the truncated protein or

30  peptide), anion exchange or cation exchange. The purified diketopiperazines can be used

and incorporated into pharmaceutical compositions as described above.

13
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A DA-DKP composition of the present invention can be prepared from solutions
containing DA-DKP, including from the commercially-available pharmaceutical
compositions comprising albumin, such as human serum albumin, by well known
methods, such as ultrafiltration, chromatography ( size-exclusion chromatography (e.g.,

5  Centricon filtration), affinity chromatography (e.g., using a column of beads having
attached thereto an antibody or antibodies directed to the desired diketopiperazine(s) or an
antibody or antibodies directed to the truncated protein or peptide), anion exchange or
cation exchange), sucrose gradient centrifugation, chromatography, salt precipitation, or
sonication, that will remove some or all of the albumin in the solution. The resultant DA-

10  DKP-containing composition can be used and incorporated into compositions used to coat,
impregnate or cover the implantable medical devices of the present invention. .

Using ultrafilration as a separation method, a human serum albumin composition
can be passed over an ultrafiltration membrane having a molecular weight cut-off that
retains the albumin while the DA-DKP passes into the resulting filtrate or fraction. This

15 filtrate may comprise components having molecular weights less than about 50 kDA, less
than about 40 kDa, less than 30 kDa, less than about 20 kDa, less than about 10 kDa, less
than about 5 kDa, less than about 3 kDa. Preferably, the filtrate comprises components
having molecular weights less than about 5 Da (also referred to as “<5000MW”). This
<5000MW fraction or filtrate contains DA-DKP which is formed after the dipeptide

20  aspartate-alanine is cleaved from albumin and subsequently cyclized into the
diketopiperazine.

Implantable medical devices of the present invention are devices which can be
implanted into a subject. For example, such devices can be a graft, a catheter, stent,
prosthetic, implant (such as a breast implant), pump, tubes, pins, rods, screws, brace,

25  plates or pace maker. Stents can include but are not limited cardiac stents and artery stents
(for example for use in widening arteries and to improve blood flow), and birth control
stents (such as Essure®). Prosthetics can include but are not limited to artificial hip(s),
artificial knee(s) or artificial ankle(s). Pumps can include but are not limited to insulin

pumps.

14



570 M28 104.63 4 3 26 3 R79 M73 33.48 K oxytoca 8 4 L 87 M49
79.92 90 F 56 103.79 96 F 49 637.7
WO 2013/055749 PCT/US2012/059483

The implantable medical devices of the present invention can be composed of one
or more various materials. For example, the material can be metal, steel, titanium, glass,
polymers, plastics or ceramics.

The diketopiperazines of the invention can be adhered to, impregnated into or

5  coated onto the surface of the implantable medical devices. For example, an implanted
medical device can be contacted with a DKP containing solution, wherein the solution
adheres to or impregnates into or coats the implantable medical device. The concentration
of the DKP that adheres to or is coated onto the surface of the implanted medical device
can be in a range with a lower endpoint of about 1 uM, about 5 uM, about 10 uM, about

10 20 uM, about 30 uM, about 40 uM, about 50 uM, about 60 uM, about 70 uM, about 80
uM, about 90 uM, about 100 uM, about 110 uM, about 120 uM, about 130 uM, about 140
uM, about 150 uM, about 160 uM, about 170 uM, about 180 uM, about 190 uM, or about
200 uM. In addition, the concentration of the DKP that adheres to or is coated onto the
surface of the implanted medical device can be in a range with an upper endpoint of about

15 500 uM, about 475 uM, about 450 uM, about 425 uM, about 400 uM, about 375 uM,
about 350 uM, about 325 uM, about 320 uM, about 310 uM, about 300 uM, about 290
uM, about 280 uM, about 270 uM, about 260 uM, about 250 uM, about 240 uM, about
230 uM, about 220 uM, or about 210 uM.

In a further embodiment of the present invention, the concentration of the DKP on

20  asurface of a medical device that is exposed to the body when implanted can be in a range
with a lower endpoint of about 1 ng/cm?, about 5 ng/cm’, about 10 ng/cm?, about 15
ng/crnz, about 20 ng/crnz, about 25 ng/crnz, about 30 ng/crnz, about 35 ng/crnz, about 40
ng/cm’, about 45 ng/cm?, about 50 ng/cm?, about 55 ng/cm?, about 60 ng/cm?, about 65
ng/crnz, about 70 ng/crnz, about 75 ng/crnz, about 80 ng/crnz, about 85 ng/crnz, about 90

25  ng/cm?, about 95 ng/cm’, or about 100 ng/cm”. Preferably, the concentration of the DKP
on a surface of a medical device that is exposed to the body when implanted is about 50
ng/cm’. In addition, the concentration of the DKP on a surface of a medical device that is
exposed to the body when implanted can be in a range with an upper endpoint of about
200 ng/crnz, about 195 ng/crnz, about 190 ng/crnz, about 185 ng/crnz, about 180 ng/crnz,

30 about 175 ng/cm?, about 170 ng/cm?, about 165 ng/cm?, about 160 ng/cm?, about 155

15



97 M 30 1, 752. 89 98 F 24 952.71 102 M 32 1, 311. 48 106
F 80 1, 083.15 108 F 59 2, 648. 23

10

15

20

25

30

WO 2013/055749 PCT/US2012/059483

ng/crnz, about 150 ng/crnz, about 145 ng/crnz, about 140 ng/crnz, about 135 ng/crnz, about
130 ng/cm’, or about 125 ng/cm?.

Subjects of the present invention can be a mammal, such as a rabbit, goat, dog, cat,
horse or human. Preferably, the subject is a human.

As used herein, "a" or "an" means one or more.

As used herein, "comprises" and "comprising” include within their scope all
narrower terms, such as "consisting essentially of" and "consisting of" as alternative
embodiments of the present invention characterized herein by "comprises" or
"comprising”. In regard to use of "consisting essentially of", this phrase limits the scope
of a claim to the specified steps and materials and those that do not materially affect the
basic and novel characteristics of the invention disclosed herein. .

Additional objects, advantages and novel features of the present invention will
become apparent to those skilled in the art by consideration of the following non-limiting
examples. The following experimental results are provided for purposes of illustration and
are not intended to limit the scope of the invention.

EXAMPLES
Example 1:

This example shows the results of an analysis of biofilms on extracted orthopedic
devices to determine if the presence of a diketopiperazine is correlated with bacterial
colonization. Bacteria use small molecular weight N-acylhomoserine lactones and
diketopiperazines to initiate biofilm formation and regulate colony growth. An Aspartate,
Alanine-Diketopiperazine (DA-DKP) formed by the cleavage and cyclization of the N-
terminal amino acids of human serum albumin has previously been demonstrated to be
immunomodulatory for memory but not naive human T lymphocytes.

Methods: This study was an institutional review board (IRB) approved study.
Twenty two patients undergoing hardware removal were enrolled. The removed
orthopedic devices were stripped of surface biofilm using methanol/ammonium formate.
The <3kD MW material was collected and diketopiperazine levels analyzed using anion
exchange high pressure liquid chromatography coupled to negative electrospray ionization

mass spectrometry.

16
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Results: The thirty-three patients ranged in age from 6 to 91 years, with a mean of

54. There were fifteen males and eighteen females. Ten devices were reported by the

clinical laboratory to be culture positive. In five cases the main organism was

Staphylococcus. In one of the three cases Bacteroides and Streptococcus species were also

isolated. In all thirty-three cases detectable amounts of DA-DKP were identified with a
mean level of 120 ng/ml. Higher amounts of DA-DKP (9.75 - 235 ng/ml) were detected

in the culture positive devices versus the culture negative (1.78 — 34.7 ng/ml). In addition,

one device removed from a case with osteomyelitis had a DA-DKP content of 3,063

ng/ml. (see Table 1).

Conclusion: DA-DKP is an important immune modulator in biofilm formation on

orthopedic implants. Its presence in biofilms found on extracted orthopedic devices

suggests innate physiologic mechanisms conferring tolerance to the implanted device

possibly correlated to the presence of inflammation/rejection reactions.

Table 1 Study Group DA-DKP amounts

Age of | Sex of Device Removed Culture Concentration
subject | subject Results of DA-DKP
F=female ng/ml
M=male
73 F Pin (hip) None 4.63
66 F Rod + Screws (hip) Negative 19.7
89 F Rod + Screws (hip) Staph 87.0
(positive)
74 M Staple (knee) None 3.03
67 F Septic hip prosth. Staph aureus 84.8
44 M Plate (clavicle) None 240
45 F Rod + Screws (spine) | Negative 309
87 F Screws (hip arthritis) | None 19.9
33 M Rod + Screws (knee) | None 6.03
45 M Rod + Screws (ulna) | None 9.05
31 F Rod + Screws (ankle) | Bacteroides+ | 53.7
Strep

17
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52 F Brace + Screws None 9.02
(tibia)

58 F Screws (femur) Staph 28.4

(positive)

74 M Brace (clavicle) Negative 7.02

6 M Plate + Screws None 224

60 F Rod (osteomyelitis Negative 3,063
tibia)

58 F Hip Prosth. Negative 23.0

66 F Rod (femoral) Staph +Strep 235

45 M Rod + Screws (tibia) | Gram + 12.9

55 M Nails (femoral) Gram+ 70.4

54 F Ankle Prosth. Negative 34.7

24 M Screws (tibia) Gram + 9.75

91 F Screws (hip) None 3.91

44 M Plate + Screws None 14.2
(ankle)

46 F Screws (ankle) None 9.32

24 M Screws (femur) Staph aureus 53.1

68 F Knee Prosth. Negative 1.78

56 F Screws (knee) None 341

41 F Brace + Screws Yeast 20.4
(ankle)

61 M Screws (femur) Negative 4.21

34 M Plate + Screws Negative 9.78
(radius)

77 M Plate + Rod (hip) None 2.13

28 M Plates + Screw None 12.7
(ankle)

18
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Example 2:

Isolation and characterization of peptides and proteins from endotracheal tubes.
The results of this example further demonstrate that DKPs form on implantable medical
devices such as endotracheal tubes, when they are implanted within a subject. The
presence of the DKPs on these tubes helps the subject to confer tolerance to the tubes.
This again demonstrates the unique finding of coating implantable medical devices, such
as entracheal tubes, with DPKs prior to implantation so as to increase the subject’s
immune tolerance and/or to decrease a subject’s inflammatory response to the tube.

Endotracheal tubes discarded from mechanically ventilated trauma patients are
collected into sterile biohazard pouches and transported immediately to the Trauma
Research Lab. As controls for the absence of biofilms, discarded endotracheal tubes form
surgical patients that were only used for a few hours during surgery were used.

Method

Biofilm and/or mucus is stripped from the proximal ends of endotracheal tubes by
placing in a sterile centrifuge tube containing 1-2 ml of chromatography each analysis
buffer consisting of methanol 60% plus 50 mM ammonium formate 40% with extensive
washing using a pipette and agitation on a vortexer. After the biofilm is stripped from the
endotracheal tube, the sediment is pelleted by centrifugation and frozen for later analysis
of bacterial content. The biofilm supernatant is collected for analysis of protein and large
molecular width peptides. An aliquot of the biofilm supernatant is placed in an
ultrafiltration spin column (Vivaspin 500, 3,000 MWCO, Sartorius, Hannover, Germany)
for centrifugation at 15,000 x g. The filtrate is collected for analysis of <3 kD molecular
weight peptides.

Supernatants containing higher molecular weight material are analyzed by high
performance liquid chromatography (HPLC, Waters, Milford, MA, USA) coupled to
positive electrospray ionization time of flight mass spectrometry (+ESI-TOF MS,
Micromass, UK). Each supernatant is diluted 1:10 with dH,O. 10 uL of each sample is
injected onto a YMC-Pack Protein-PR, 150 mm x 4.6 mm, 5 u, HPLC column heated at
50°C (Waters, Milford, MA, USA) using a 20 minute linear gradient method used
water/0.1% trifluoroacetic acid (A) and acetonitrile/0.1% TFE (B). The output of the

HPLC is split 1:20 (v:v) and injected into the mass spectrometer with a scan range of 500

19
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to 3500 m.z, cone voltage of 30 eV, source temperature of 100°C, and gas temperature of
250°C. Albumin (a molecular standard) eclutes at 8.15 minutes and is visualized as a
charge envelope from 1100 to 2500 m/z representing +44 to +26 charges. The spectrum is
the deconvolved to the uncharged parent mass using MaxEnt 1 (Micromass, UK). The

5  parent mass spectrum is then integrated and relative proportions of each species were
calculated.

50 ul of each of the <3000-Da filtrate fractions of bioflim supernatant is injected
into high performance liquid chromatography (HPLC, 2795 system, Waters, MA) coupled
to a mass spectrometer (LCT-TOF, Micromass, UK), and quantified using a storage anion

10  exchange column (Supelcosil, SAX1 250 mm x 4.6 mm, Supelco) and a 70:30 v/v
methanol/water with 25 mM ammonium acetate (Sigma Aldrich, St. Lois, MO) as the
mobile phase in an isocratic mode at 1 ml/min. The output of the HPLC is split 1:20 (v/v)
and injected into the mass spectrometer using negative electrospray ionization (-ESI MS)
with a scan ranges of 80-1000 m/z, cone voltage of 30 eV, source temperature of 100°C

15  and a gas temperature of 250°C. DA-DKP, as a molecular standard, is measure by
monitoring the mass 185 in time which corresponds to DA-DKP minus a single proton (-
H+). DA-DKP clutes at 5.8 mins and is quantified by integrating the area under the curve.
The area was compared with a standard curve derived from synthetic DA-DKP standard
(DMI Synthesis, Newport, Wales) of known concentrations (5000 ng/ml, 1000 ng/ml, 200

20 ng/ml, 40 ng/ml, 8 ng/ml). The calibration curve was found to be very linear in this range
within R2 of .99998.

The concentration of DKP on over 100 endothracheal tubes as detected by the
method described above is presented in Table 2. The DKP concentration ([DKP])
provided on Table 2 has already been adjusted per volume added to dissolve biofilm. The

25  following are indicated on Table 2:

ID#: Subject identification number

Sex: Subject’s sex either male (M) or female (F)

Age: Age in years of the subject

[DKP] ng/ml: The DKP concentration in ng/ml already adjusted per volume added

30  to dissolve biofilm

Bacteria identified: Type of bacteria detected on endotracheal tube

20
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Vent Days: The number of days the endotracheal tube was implanted with the
subject

Protein identified: The proteins that were determined on the endotracheal tube

AIS: Abbreviated injury score/scale, with a score of 1 being a minor injury, 2=

5  moderate, 3= serious, 4= severe, 5 =critical, 6 =maximum, 9 =not further specified.

ISS: Injury severity score, assesses trauma severity and correlates with mortality,
morbidity and hospitalization time after trauma.

GCS: Glascow coma score/scale-neurological scale to help assess the status of the
central nervous system and used acutely to grade the severity of a subject’s trauma and

10  mental function.

GOS: Glascow outcome score/scale (R= rehabilitation; L=long term acute care; 1

=dead; 5= good recovery)-a 5 point score given to victims of traumatic brain injury at

some point in their recovery.

15 Table 2 DKP Concentration on Endotracheal Tubes
ID# | Sex | Age | [DKP] Bacteria Vent | Proteins AIS | ISS | GCS | GOS
ng/ml Days | ID
18 M 25 150.06 8 PRPI1, 2 38 15 5
HIG2,
AT5G1
24 M 47 607.73 S.pneumon | 11 Defensin | 3 20 15 R
MRSA 1,2,3
LL-37,
Lysozyme
C
25 M 90 <20 3 Defensin 3 14 6 1
1,2,3
LL-37
28 F 22 <20 1 Defensin 3 21 7 R
1,2,3
LL-37
30 F 55 1,071.55 Enterob. 4 2 17 3 R
Sakazakii
30-2 | F 55 <20 Enterob. 4 2 17 3 R
Sakazakii
31 M 60 1,402.85 9 S10A8 3 10 15 5
34 M 20 <20 H. 30 5 45 3 R
influenza
35 F 71 116.29 7 4 30 6 L
36 M 46 1,580.08 Pneumotho | 11 3 34 9 R
-rax
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Table 2 Cont.

36-2 | M 46 <20 Pneumotho | 11 3 34 9 R
-rax

39 M 58 <20 5 4 29 15 L

41 M 35 72.53 K. oxytoca | 20 3 43 3 L
S. aureus

44 M 35 <20 8 4 25 4 5

45 M 17 34.09 S. 3 1 21 3 5
marcesens

50 M 76 362.29 1 3 22

52 M 34 159.56 <1 2 17 12 R

53 M 21 156.85 <1 3 14 6 1

58 M 25 <20 36 5 29 15 L

60 M 15 124.82 1 1 41 5

70 M 28 104.63 4 3 26 3 R

79 M 73 33.48 K. oxytoca | 8 4 L

87 M 49 79.92

90 F 56 103.79

96 F 49 637.7

97 M 30 1,752.89

98 F 24 952.71

102 M 32 1,311.48

106 F 80 1,083.15

108 F 59 2,648.23

109 M 20 629.67

114 M 76 379.51

121 F 84 2,325.85

123 M 15 8,009.14

129 M 27 500.95

131 F 65 16,194.74

132 M 32 282.84

133 F 48 480.59

138 M 49 137.37

140 F 81 567.2

143 M 28 426.93

145 M 68 1,655.73

149 M 21 58.68

149-2 | M 21 749.03

150 M 31 111.68

151 M 50 389.23

152 M 25 134.8

153 F 51 272.45

156 M 29 25.45

157 F 18 634.13

158 M 51 2,183.93

161 M 77 386.28

161-2 | M 77 691.98

162 M 18 364.63

163 M 63 107.4
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Table 2 Cont.

164 F 15 69.15
166 F 18 856.74
169 F 30 <20
170 M 73 368.9
178 M 53 48.55
179 M 25 <20
182 M 67 1059.7
182-2 | M 67 255.73
183 M 36 279.76
184 M 37 <20
190 M 34 624.44
191 M 29 2,207.58
191-2 | M 29 798.37
192 M 66 <20
195 M 28 2,608.52
196 F 23 <20
198 M 35 404.87
200 M 33 816.38
202 M 67 <20
203 M 50 112.64
204 1,290.96
205 2,108.70
206 656.8
208 <20
209 276.96
210 76.19
211 76.98
212 <20
212-2 505.63
213 218.41
215 503.16
215-2 322.54
216 163.25
219 12,019.74
221 177.19
222 155.14
225 247.88
228 190.86
229 92.4
231 243.68
233 72.03
234 22.96
235 356.11
235-2 68.11
237 509.7
239 1,620.48
Surg 2,648.55 <1
001
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Table 2 Cont.
Surg 500.22 <1
002
Surg 56.74 <1
003
Surg 505.67 <1
004
Surg <20 <1
005
Surg | F 83 89.23
92
Surg | F 83 67.87
92-2
R 2235.63
111
R 1216.05
113

While various embodiments of the present invention have been described in detail,
it is apparent that modifications and adaptations of those embodiments will occur to those
skilled in the art. It is to be expressly understood, however, that such modifications and

5  adaptations are within the scope of the present invention, as set forth in the following

exemplary claims.
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WHAT IS CLAIMED:
1. A method to prepare an implantable medical device for implantation in a subject,

comprising contacting the device with a diketopiperazine (DKP).

2. The method of claim 1, wherein the DKP comprises the formula:
@)
RZ
NH
HN 1
R
5 O
wherein:

R' and R?, which may be the same or different, each is:
(a) a side chain of an amino acid, wherein the amino acid is glycine, alanine,
valine, norvaline, a-aminoisobutyric acid, 2,4-diaminobutyric acid,

10 2,3-diaminobutyric acid, leucine, isoleucine, norleucine, serine,
homoserine, threonine, aspartic acid, asparagine, glutamic acid,
glutamine, lysine, hydroxylysine, histidine, arginine, homoarginine,
citrulline, phenylalanine, p-aminophenylalanine, tyrosine,
tryptophan, thyroxine, cysteine, homocysteine, methionine,

15 penicillamine or ornithine; provided, however, that when R' is the
side chain of asparagine or glutamine, then R? cannot be the side
chain of lysine or ornithine, and when R' is the side chain of lysine
or ornithine, then R? cannot be the side chain of asparagine or
glutamine;

20 (b) R' is -CH,-CH,-CH,- or -CH,-CH(OH)-CH,- and together with the
adjacent ring nitrogen forms proline or hydroxyproline, R* is -CH,-
CH,-CHj;- or -CH,-CH(OH)-CH,- and together with the adjacent
ring nitrogen forms proline or hydroxyproline, or both R' and R* are
each independently -CH,-CH,-CH;- or -CH,-CH(OH)-CH,- and

25 together with the adjacent ring nitrogens form proline or

hydroxyproline; or
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(©) a derivative of a side chain of an amino acid, wherein the amino acid is one

of those recited in (a), and the derivatized side chain has:
(i) an -NH, group replaced by an -NHR? or -N(R?), group, wherein
each R may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(ii) an -OH group replaced by an -O-PO;H, or -OR’ group, wherein
each R may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(iii) a -COOH group replaced by a -COOR? group, wherein each R’
may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(iv) a -COOH group replaced by a -CON(R"), group, wherein each
R” may independently be H or a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-
CH,-CH,-CH(NH;)-COOH;
(vi) a -CH;- group replaced by a -CH(NH;)- or a -CH(OH)- group;
(vii) a -CHj; group replaced by a -CH,-NH; or a -CH;-OH group;
and/or
(viil) an H which is attached to a carbon atom replaced by a
halogen; or

a physiologically-acceptable salt thereof.

3. The method of Claim 2 wherein R', R” or both is the side chain of aspartic acid,
the side chain of glutamic acid, or a derivative of a side chain of aspartic acid or glutamic
acid wherein the -COOH group is replaced by a -COOR? group or a -CON(R"), group.

4. The method of Claim 3 wherein R' is the side chain of aspartic acid or a
derivative of the side chain of aspartic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of alanine.

5. The method of Claim 3 wherein R' is the side chain of aspartic acid or a
derivative of the side chain of aspartic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of tyrosine.
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6. The method of Claim 3 wherein R' is the side chain of glutamic acid or a
derivative of the side chain of glutamic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of alanine.

7. The method of Claim 3 wherein R' is the side chain of glutamic acid or a
derivative of the side chain of glutamic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of tyrosine.

8. The method of Claim 3 wherein R' is the side chain of aspartic acid or glutamic
acid and R” is the side chain of alanine.

9. The method of Claim 3 wherein R' is the side chain of aspartic acid or glutamic
acid and R? is the side chain of tyrosine.

10. The method of Claim 2 wherein R' and R? are both a hydrophobic side chain
or a hydrophobic side chain derivative.

11. The method of Claim 10 wherein:

(a) R' and R?, which may be the same or different, each is the side chain of
glycine, alanine, valine, norvaline, a-aminobutyric acid, leucine, isoleucine, norleucine or
phenylalanine;

(b) R is -CH,-CH,-CH,- and together with the adjacent nitrogen atom forms
proline, and R? is -CH,-CH,-CH,- and together with the adjacent nitrogen atom forms
proline; or

(©) R is the side chain of glycine, alanine, valine, norvaline, a-aminobutyric acid,
leucine, isoleucine, norleucine or phenylalanine, and R? is -CH,-CH,-CH,- and together
with the adjacent nitrogen atom forms proline.

12. The method of Claim 11 wherein R' is the side chain of glycine and R” is the
side chain of leucine.

13. The method of Claim 11 wherein R' is -CH,-CH,-CH,- and together with the
adjacent nitrogen atom forms proline and R” is the side chain of phenylalanine.

14. The method of Claim 11 wherein R' is -CH,-CH,-CH,- and together with the
adjacent nitrogen atom forms proline and R? is the side chain of alanine.

15. The method of Claim 2 wherein R', R? or both is the side chain of methionine,

the side chain of arginine or a derivative of these side chains.
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16. The method of Claim 15 wherein R' is the side chain of methionine and R? is
the side chain of arginine.

17. The method of claim 1, wherein the implantable medical device is selected
from the group consisting of a graft, catheter, stent, prosthetic, breast implant, pump, tube,
pin, rod, screw, brace, plate and pace maker.

18. The method of claim 17, wherein the stent is selected from the group consisting
of a cardiac stent, an artery stent and a birth control stent.

19. The method of claim 17, wherein the prosthetic is selected from the group
consisting of an artificial hip, an artificial knee and an artificial ankle.

20. The method of claim 17, wherein the pump is an insulin pump.

21 The method of claim 1, wherein the implantable medical device is composed of
a material selected from the group consisting of metal, steel, titanium, glass, polymers,
plastics, and ceramics.

22. The method of claim 1, wherein the DKP is adhered to the surface of the
implantable medical device.

23. The method of claim 1, wherein the DKP is impregnated into the surface of the
implantable medical device.

24. The method of claim 1, wherein the DKP is coated onto the surface of the
implantable medical device.

25. The method of claim 1, wherein the implantable medical device is contacted
with a solution comprising DKP, wherein the solution adheres to the implantable medical
device.

26. The method of any one of claims 22 to 25, wherein the DKP is in an amount of
about 1 uM to about 500 uM.

27. The method of any one of claims 22 to 25, wherein the DKP is in an amount of
about 50 uM to about 100 uM.

28. The method of any one of claims 1 to 25, wherein the concentration of the
DKP on a surface of the implantable medical device exposed to the body is about 1 ng/cm?

to about 200 ng/cm?,
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29. The method of any one of claims 1 to 25, wherein the concentration of the
DKP on a surface of the implantable medical device exposed to the body is about 50
ng/cm’.
30. A method for implanting a medical device comprising implanting a medical
device into a subject, wherein a surface of the device comprises a DKP.
31. The method of claim 30, wherein the DKP comprises the formula:
O

RZ
NH

HN

wherein:

R' and R?, which may be the same or different, each is:

(a) a side chain of an amino acid, wherein the amino acid is glycine, alanine,
valine, norvaline, a-aminoisobutyric acid, 2,4-diaminobutyric acid,
2,3-diaminobutyric acid, leucine, isoleucine, norleucine, serine,
homoserine, threonine, aspartic acid, asparagine, glutamic acid,
glutamine, lysine, hydroxylysine, histidine, arginine, homoarginine,
citrulline, phenylalanine, p-aminophenylalanine, tyrosine,
tryptophan, thyroxine, cysteine, homocysteine, methionine,
penicillamine or ornithine; provided, however, that when R' is the
side chain of asparagine or glutamine, then R? cannot be the side
chain of lysine or ornithine, and when R' is the side chain of lysine
or ornithine, then R? cannot be the side chain of asparagine or
glutamine;

(b)  R'is -CH,-CH,-CH,- or -CH,-CH(OH)-CH,- and together with the
adjacent ring nitrogen forms proline or hydroxyproline, R* is -CH,-
CH,-CH;- or -CH,-CH(OH)-CH;- and together with the adjacent
ring nitrogen forms proline or hydroxyproline, or both R' and R* are

each independently -CH,-CH,-CH;- or -CH,-CH(OH)-CH,- and
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together with the adjacent ring nitrogens form proline or
hydroxyproline; or

(©) a derivative of a side chain of an amino acid, wherein the amino acid is one

of those recited in (a), and the derivatized side chain has:
(i) an -NH, group replaced by an -NHR? or -N(R?), group, wherein
cach R® may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(ii) an -OH group replaced by an -O-PO;H, or -OR’ group, wherein
cach R® may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(iii) a -COOH group replaced by a -COOR? group, wherein each R’
may independently be a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(iv) a -COOH group replaced by a -CON(R"), group, wherein each
R* may independently be H or a substituted or unsubstituted alkyl,
cycloalkyl, heterocycloalkyl, aryl, alkylaryl, arylalkyl or heteroaryl;
(v) an -SH group replaced by -S-S-CH,-CH(NH,)-COOH or -S-S-
CH,-CH,-CH(NH;)-COOH;
(vi) a -CH;- group replaced by a -CH(NH;)- or a -CH(OH)- group;
(vii) a -CHj group replaced by a -CH,-NH,; or a -CH,-OH group;
and/or
(viil) an H which is attached to a carbon atom replaced by a
halogen; or

a physiologically-acceptable salt thereof.

32. The method of Claim 31 wherein R', R” or both is the side chain of aspartic
acid, the side chain of glutamic acid, or a derivative of a side chain of aspartic acid or
glutamic acid wherein the -COOH group is replaced by a -COOR? group or a -CON(R*),
group.

33. The method of Claim 32 wherein R' is the side chain of aspartic acid or a
derivative of the side chain of aspartic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R™), group, and R? is the side chain of alanine.
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34. The method of Claim 32 wherein R' is the side chain of aspartic acid or a
derivative of the side chain of aspartic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of tyrosine.

35. The method of Claim 32 wherein R’ is the side chain of glutamic acid or a
derivative of the side chain of glutamic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of alanine.

36. The method of Claim 32 wherein R’ is the side chain of glutamic acid or a
derivative of the side chain of glutamic acid wherein the -COOH group is replaced by a -
COOR? group or a -CON(R"), group, and R” is the side chain of tyrosine.

37. The method of Claim 32 wherein R' is the side chain of aspartic acid or
glutamic acid and R? is the side chain of alanine.

38. The method of Claim 32 wherein R' is the side chain of aspartic acid or

glutamic acid and R? is the side chain of tyrosine.

39. The method of Claim 31 wherein R' and R* are both a hydrophobic side chain

or a hydrophobic side chain derivative.

40. The method of Claim 39 wherein:

(a) R' and R?, which may be the same or different, each is the side chain of
glycine, alanine, valine, norvaline, a-aminobutyric acid, leucine, isoleucine, norleucine or
phenylalanine;

(b) Rlis -CH,-CH,-CH,;- and together with the adjacent nitrogen atom forms
proline, and R? is -CH,-CH,-CH,- and together with the adjacent nitrogen atom forms
proline; or

(©) R is the side chain of glycine, alanine, valine, norvaline, a-aminobutyric acid,
leucine, isoleucine, norleucine or phenylalanine, and R? is -CH,-CH,-CH,- and together
with the adjacent nitrogen atom forms proline.

41. The method of Claim 40 wherein R' is the side chain of glycine and R” is the
side chain of leucine.

42. The method of Claim 40 wherein R' is -CH,-CH,-CH,- and together with the
adjacent nitrogen atom forms proline and R” is the side chain of phenylalanine.

43. The method of Claim 40 wherein R' is -CH,-CH,-CH,- and together with the

adjacent nitrogen atom forms proline and R? is the side chain of alanine.
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44. The method of Claim 31 wherein R', R? or both is the side chain of
methionine, the side chain of arginine or a derivative of these side chains.

45. The method of Claim 40 wherein R' is the side chain of methionine and R” is
the side chain of arginine.

46. The method of claim 30, wherein the implantable medical device is selected
from the group consisting of a graft, catheter, stent, prosthetic, breast implant, pump, tube,
pin, rod, screw, brace, plate and pace maker.

47. The method of claim 46, wherein the stent is selected from the group
consisting of a cardiac stent, an artery stent and a birth control stent.

48. The method of claim 46, wherein the prosthetic is selected from the group
consisting of an artificial hip, an artificial knee and an artificial ankle.

49. The method of claim 46, wherein the pump is an insulin pump.

50. The method of claim 30, wherein the implantable medical device is composed
of a material selected from the group consisting of metal, steel, titanium, glass, polymers,
plastics, and ceramics.

51. The method of claim 30, wherein the DKP is adhered to the surface of the
implantable medical device.

52. The method of claim 30, wherein the DKP is impregnated into the surface of
the implantable medical device.

53. The method of claim 30, wherein the DKP is coated onto the surface of the
implantable medical device.

54. The method of claim 30, wherein the implantable medical device is contacted
with a solution comprising DKP, wherein the solution adheres to the implantable medical
device.

55. The method of any one of claims 51 to 54, wherein the DKP is in an amount of
about 1 uM to about 500 uM.

56. The method of any one of claims 51 to 54, wherein the DK is in an amount of
about 50 uM to about 100 uM.

57. The method of any one of claims 30 to 54, wherein the concentration of the
DKP on a surface of the implantable medical device exposed to the body is about 1 ng/cm?

to about 200 ng/cm?,
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CLAIMED: 1. A nethod prepare an inpl | ant abl e medi cal device for

i mpl ant atP®R onnp sarfgmfetb@ implentpblic siadicat demieceipased th éhaleadyde abgut R0 a

di ket opi perazi ne (DKP). 2. The nethod of claim11, wherein the DKP
conprise§%¥%% formula: 0 RRNH HNR, I 50 wherein: R and R2, which may be the
same or differ®nthe aReddicTclfdy a-53] dBeehiathd sefjea@ns afaftnaci d, wherein the
amno acid is glycine, alanine, valine, norvaline, a- an1n0|sobutyr|c aci d,
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tryptophan, thyroxine, cystelne, honocyst ei ne, t hi_.gni pe, 15penicillam ne
or ornithine: G gV ajantilgarrgical deyage. w%slﬁ‘lw Sy, C?Hét@l‘gélcéﬁamﬁ“&“
asparagi nggpr gl utam ne, then R2 cannot be the side chain of |ysine or
ornithine, and when R is the side chain of lysine or ornithine, then R2
canndio be the i déhealesicn obtlaas parwiyiroe the DlPutoamirises th2 Gédo)uRk: i s

- CH2- CH2- CH2- or -CH2-CH(OH)-CH2- and toepther with the adjacent ring
nitrogen fornms proline or hydroxyprolinejj R2 is -CH2- CH2-CH2- or

-CH2- CH(OH) - CH2- and together withgihe agj acent ring nitrogen forns proline
or hydroxyproline, or both R and R2 e eggh i ndependently - CH2- CH2- CH2-
or -CH2-CH(OH)-CH2- and 25together witlh the|adjacent ring nitrogens form
proline or hydroxyproline; or WO 201 57 CT/ US2012/ 059483 (c)a
derivative of a side chain of an anino ajfid, Wherein the anino acid is one
of those recited in (a), and the derivat zed side chain has: (1)
an -NH2 group replaced by an -NHR3 or -NFR3)2 group, wherein each R3 may

i ndependegidryinbe a substituted or unsubstituted al kyl, 5cycl oal kyl,
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penicillamine or ornithine; provided, however, that when R' is the

side chain of asparagine or glutamine, then R? cannot be the side
chain of lysine or ornithine, and when R' is the side chain of lysine
or ornithine, then R? cannot be the side chain of asparagine or
25 glutamine;
(b)  R'is -CH,-CH,-CH;- or -CH,-CH(OH)-CH,- and together with the

adjacent ring nitrogen forms proline or hydroxyproline, R* is -CH,-
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Wherein R and R2 are bdin 4 WyEREERGIEedPudt sRARHOr A0y B BBTEDs  de
chain derivative. 11. ThachRrfh@ ch{ep@lcPénHyjeQ aWiBYiRktBd or unsubstituted akyR} and
R2, which may be the sane or different, each is the side chain of

15gl yci ne, al ani ne, val iayeloakkt, \haterqcecloa&ahtandmlkmnyt; andpldtyl orehetdroayl;

ol i ne., | 2- d
together w th the. ad) acall Aoy BCROMR st b st B e dyg i e

- CH2-16H2- CH2- and t oget heiy M&ﬂknﬁ&ﬁlyﬂﬁj zﬂﬁtb@ﬁtufvdtdr(ﬁgﬁibsﬁﬁlw@aﬂlﬁymﬁ proline;
or 20(c) R is the side chain of glycine, alanine, valine, norvaline
a-ani nobutyric acid, | eudrialkyldsicetryriealkyhapilelkylpgl, @Fylﬁlﬂ%lr@ﬂhi’lteé%fﬁ]e and

R2 - CH2- CH2- CH2- and £t e 1
pr o: ;Sne 12. The E déﬁ {)ng&% k%% %bggl_gbﬁ& )§gﬁ§1§ % al n of
glycine and R2 is the S|R1“emﬂ,3hmldepemﬂerhtgulﬁﬁ Her a2blsitutdder mtﬂmdutecﬁ al@yal m 11

wherein R is -CH2- CH2- CH2- t oget her th t e adj acen&< i trogen atom
fky falky

forms proline and R2 is ¥Aea beRFRRIOBY ]éY%W gyialky ] or hefetoaryfie
rethog of Claim 11 wher g Rl ski%ofRy 2 sangl-EABeHDECOVH & Khe:

adj acent nitrogen atomfo?r?s pr(%r0 g ngﬁl S t%h}gz s?glg (Iz;bﬁgl n of al ani ne.
15. The nethod of d ai mQHMﬂHrzéEH(I\FEIIQ,) CPEZOH; both is the side chain of

met hi oni ne, 30t he side ch ive se side
chains. WO 2013/ 055749PETIUS ratacSt oy’ GRNIT SR St m 15
wherein R is the side qhalR-oH | Oplb &Rl BN-(RE,-IN8L, b g -SHA® I bdup; of

ar gi ni ne. 17. Th(e )mat hoégg‘@crlglgl m 1,” wherei nzt he i npl an?@gPe

medi cal device is sel ectaad/ofrom the group consisting of a graft, catheter,
stent,. prosthetic, br ea nt y i ro W, brace,

pl at e25and pace maker. lll)néjnllgw%lplsm%heg%?Cél%onatoﬁldepv@%&{eYn the stent
is selected fromthe grqiamge@rtat sting of a cardiac stent, an artery stent
and a birth control ste 19. The method of claim 17, wherein the
pr ost hetlacPhY§10£<@1‘é‘é1t>’e'f’&C€th%hﬁ sahiethgiicalip consisting of an artificial hip, an
artificial kneg aid Q0;ah %bﬁdlﬁ'@'wﬁé}&h%lﬁzg b %tﬁ?%ﬁggha{no?% amc”
wherein the punp is an 1nsulin punp

wher ei n tdegl, thepdidendhabl & gmtdmmcaeimdjewmdenvanemﬂa(s&hcbhaﬁl o asmatrm acadi osel ect ed

fromthe oup consisting o stee i tanj | ass LS,
pl ast¥cs, ggf%tﬁlauccwgmheem e Lo & group 3 refl 860[@( hb‘é‘g@& %rooﬂprﬂ rf- kn the

DKP is adhgred to the surface of the 15i npl antabl e nedical device.

23. The thod of claim1l, wherein the DKP is inpregnated into the surface
of the inplantable nedical device. 24. The nmethod of claim1,
wherein the DKP is coated onto the surféce of the inplantable nedical

devi ce. 2025. The nmethod of claim11l, wherein the inplantable nedical device
is contacted with a solution conprising DKP, wherein the solution adheres
to the inplantabl e nedical device. 26. The nethod of any one of
claims 22 to 25, wherein the DKP is in an anount of about |iuMto about 500
ILIM 2527. The nmethod of any one of clains 22 to 25, wherein the DKP is in
an anount of about 501LIMto about 100 ILIM 28. The nethod of any one of
clalms 1 to 25 V\hereln the concentratlon of the DKP on a surface of the

T o b 1. . Y. o



20chain of lysine or ornithine, and when Rl is the side chain of |ysine or
ornithine, then R2 cannot be the side chain of asparagi ne or glutam ne; (b)
R is -CHROCHB/GHFRA9 or - CH2- CH(OH) - CH2- and toget her w PhTiUsSe012BFE8ENt i Ng
nitrogen forns proline or hydroxyproline, R2 is -CH2- 25CH2- CH2- or

-CH2- CH(OH) - CH2- and together with the adjacent ring nitrogen forns proline
or hydroxypr ol gsnepneQfevRRe b CRlimaady iz cia e i?%@ide%@ﬁ%%ﬁ&rﬁé’aci%?a CH2- CHz-

or -CH2-CH(OH)-CH2- and WD 2013/ 055749PCT/ US2012/ 059483 t oget her with the
adj acent derimgfive afitbgsids cliaor of gpatticraeidorhdigid tloxy(gPQHigreyp srefleded ber- vat i ve

of a sid kn_of an ) acid, wherein th m.no.aci.d i s one of those
Pt t od TGOORS Brchln R LERIR B S, HRER Gl M e BB R4 ONee e o
repl aced by arse: NHiB3eoice oNCRIMA 40K Rutpin Re iR siicamath dRAspaiic hdidependent |y be

a substituted or unsubstituted al kyl, cycloal kyl, heterocycl oal kyl, aryl,
al kyl &r ylderigatiyo0fighs side chan af asgpspic:acid wherein the -CQ@H)gf@th sopplaged By arepl aced

by an -0- 2 - OR3 rei nhe j dently be a

substi tutéé)(gégr gﬁoﬁ]lguoggt Ft@lﬁj\f{g@%}l@% ?ﬁ%cégﬁ%ﬁiwn hﬂ&gc%g%ycl oal kyl, aryl,

al kyl aryl , ar yd7alThldeoice b€ CtrimasdywhereiiR i) the side@Bkingsfalpamapcateadch by a

- COOR3 group, .wherein each may .i ndependently be a substituted or

unsubst i tdeFi¥eive dyhe Slé?/&F%@%}Mmﬁ%ﬁ‘ége@&?@%ﬁ]eﬂfﬁ?o%89%“,13 l%quecha hya-

aryl al kyl 4] LY o 4 1 : epl aced by a
COOR! g?ﬁ%ﬁ%a _bON(R ) gr05u|gaandl§ fé)tléég%ﬁei%n eni]t Pf; Qgrﬂné.

-CON(R4) 2 grou erein each~1 may I n e Hor a substituted
or uriSubst it uttsd Tickdehice of Claml Gdywhertiethe ripthesideathiipl of ghutyinjc aidgr ar yl |

aryl al kyl, or het aryl; .(v) an --SH.grqup.repl b .

o Y B BRI i B i) SRR B i retace by - v
group rem@eﬁdgﬁmg%ractlbwa)‘)z fupRand kK Sl si8¢ i o2Qfkide) @ - CH3 group
replaced by a -CH2-NH2 or a -'(%HZ-OH groyp; and/or (viii) an Hwhich is
attached to a @arlsnicaiconf CépnadrledhdyinR Hathsgéds; chem of aspartic acid or

physi ol o%lctgl | ,ag6e ﬁgltﬁ S@éthat. hgfeioﬁi é2532. The nethod of C aim 31
wherein RY o1 B5 PS¢ HE® §194 O chal i of aspartic acid, the side chain
of glugt ani ¢ acjiod, Therdedicd ®F Uit d4ewkrcia RoiiglthcGitRi dhaidfofaspifié heid d€i d or
glutam c acid wherein the -COOH group is replaced by a -COOR3 group or a

- CON( R4) 2lgpmigacidand Rhis thesigdehayt olyssi#c32 wherein R is the side chain of

aspartic acidgr ri IR he, 15| 2 i f 1.¢.acig wherein
fhe - aocr gr oun 1 RuREREETNE Plod i, il Hobdl L AR BR N SR O "o
i s the side Igkdaiphobik salcahhinalerivative. 34. The nethod of Caim32 wherein R
is the side chain_ of aspartic¢ acid or. a derivative of the side chain of
aspartic acid whefsidsvicRel Cessod Igviini s repl aced by a - COOR3 group or a

- CON(g4) 2 groypy randd R2 \Bich BBy Hedfe Shdl 8t d@fferbdt, NS the side chain c7o- The

met hod of Caim 32 wherein R i's the side chain of glutamc acid or a 5
deri vat i @yofic, kheirsi ddinchadrmalofe, glantisshiutyracd cdd, Whermei, molcheine, Go0ugnoop i s
repl aced Al COOR3 group or a -CON(R4)2 group, and R2 is the side chain
of al ani AETMYAANNCG, 36 “The nethod of Claim 32 wherein R is the side chain
of glutam c aqbyl ROrs aEeCHYAH Y @n@logkih@r Wit ehCofddRnHitrfbdi AfhTFoded d Wherein
t he - COCH g(ogp}ji szreplﬁzglce b2 a - éCIRS group or a -CON(R4)2 group, and R2
i s the sigelizshanhRofs C¥hdsiineH1or!togerher wight theddisfertingrogeg 2topghtareisn Rl i s
t he sZiSde (%Onilenopf aspartic acid or glutamc acid and R2 is the side chain
of al@ni e ’ 38. The nethod of Caim32 wherein Rl is the side chain
of aspartic aqiyROis ty si@shhin aCilgciandhiding, Salifte nsivabne bddntinebutyie asine.
39. The nethod of daim31 wherein R and R2 are both a hydrophobic side
chai n 15deucndsgtashsbiericyriae o gyl aduying apd Reis -CH,-CHy-fl- anetogetheiod of
Cl aim 39 i,0; : . which may be the sane or different,
each is t‘?\f:@?{shl%ggjag Iginhtmcé‘ﬁ)gfoﬁlﬁﬁgg pgﬁglr?i ne, valine, norvaline,

a- am nobut yri ¢73adlihg,dekeaof Oimi ZRoksureinie, is thersideuhiimen foily gieandl Rl iartiene ;
20(b) R is -CH2-CH2-CH2- and together with the adjacent nitrogen atom

f or m8%r SHFSfANGdeyems s - cH2- CH2- CH2- and toget her with the adj acent
nitrogen atomforns proline; or (c) R is the side chain of

gl yci ne, al anine, valine, norvaline, a-am nobutyric acid, |eucine,

i sol euci ne, norleucine or phenylalanine, and R2 is -CH2- CH2- CH2- and
together 25 with the adjacent nitrogen3atomforns proline. 41. The
met hod of Claim40 wherein Rl is the side chain of glycine and R2 is the
si de chain of | eucine. 42. The nethod of O aim40 wherein R is
-CH2- CH2- CH2- and together with the adjacent nitrogen atomforns proline
and R2 is the side chain of phenylal anine 3043. The nethod of C aim 40
wherein R is -CH2-CH2-CH2- and together with the adjacent nitrogen atom
forms proline and R2 is the side chain of alanine. WO

2013/ 055749PCT/ US2012/ 059483 44. The nethod of Caim 31 wherein R,

Y o,



52. The nethod of claim 30, wherein the DKP is inpregnated into the surface
of the inplantable nedical device. 2053. The nethod of claim30, wherein

t he DKP iwocommsa74ont o t he surface of the inplantabl e mediraskodesise.

54. The nethod of claim 30, wherein the inplantable nedical device is
contacted with a solution conprising DKP, wherein the solution adheres to
the inpl antablg rediealcc devige. 72&5&%&!%[@@ @ @Hzaraﬁdw”g%th@fw%%m 51 to
54, wherein the DKP is in an amount of about uMto about” 500 | LI M

56. The rrdideont mofrogempatan dorofs replananddR is thegdde tha@r@f phenylelabidei s in an

f ab 1L 100 I L f
oheof ol ai e o 16 deyice R E RS 2Rk O O U7 end M TR BRE A%, "
surface afdj atcbﬁﬂnm@gemmblf@mmqﬁbmdaxﬁaﬂlgme@&mﬁdldelam body is about 1

ng/cn2 to about 200 ng/cnR. The nmethod of any one of clainms 30
to 545 wherei /& ﬁlalecd@ﬁ@é of Ciaimds \ﬁherﬁlneR DRPoigbpth issthe pide shdin of methionant abl e
medi cal e [ cn? 59. The

met hod Oﬂﬁ%1§?ﬁ§ﬁ€8§§%ﬂ%§efg1%Qﬁ%ﬁv%i ggﬁﬁ#gggﬂ%annal 560. The net hod of

clai m59, whersi I‘il"liehi&vfcfﬁﬁﬁf@llailingmman R' is the su&]chafﬁhﬁ“ﬂmhibﬁﬁhe(aﬁdﬁlz & e

1- 60, mheh the S bject's i mmune tolerance to the device is increased by
t he presé pfh %%8 pgpUnC. 62. An inplantabl e nedi cal device, wherein
a surface of t i i.mi62,
Sherei n the DAY camry o e e R R i e
mhlcHDnaﬁhheﬂkhgom@qammnngpfagnéhbmheacbmnSpn$&mnalsmdennMaanwhpanbenino
acid, wherein the a cid is glycine, alanine, 15valine, norvaline,

a- an1n0|§5%dP9f$33 E% lgmﬁaﬁﬁaﬁgﬂﬁﬂﬁ?yrlc aci d, 2, 3-dianinobutyric acid,

| euci ne, isol eﬂ%'ﬂ%m&%d SUGAiREL62 %ﬁ{eké?@thehﬁiﬁ%@iﬂlé‘ﬁed&ﬂr&‘mb REgor@Rad t i C
acid, asparagine, glutanm c acid, glutamne, |ysine, hydroxylysine,

hi sti di neof aanageud!nelectad foar Gk sraws, copbisting of metal, plaelntiteaiuanighess, polymers,

p- am noph en kglaalqg 1tyrosme 20t rypt ophan, thyroxine, cysteine,
honncysté? g ﬁ?SHI%% penicillam ne or ornithine; provided, however,

t hat when R i89. tThe d&iide of Blaim 60f wiGparRgDRE i0 adigdred RthOsurficbentid?2 cannot
be the side chain of Iysine or ornithine, and when R is the side chain of

| ysi ne ordeichi t hi ne, then R2 cannot be the side chain of aspar agi ne or
25¢gl ut am ne; (§y) r ther with
t he adj acent réﬁn ﬂe ?lgegﬁg%@rﬂr%r%%er llgr%lée or h;g/:l(l;ﬁ1 @%ﬂg&?lm@ﬁl HIQ%J}QCI_Q WO
2013/0551&9&6%&U82012/059483 CH2- CH2 or -CH2-CH(OH)-CH2- and together with

t he adj acent rin roge for ol i ne or hydrox prollne th R and
R2 are each |ﬁﬁ%8@ﬁd@ﬁ¥?§ gEHﬁﬁﬁﬂQt hePK Gﬁ@o%ﬂ% raﬁﬁapgﬁgether

w th jfphe pdjacent ring nitrogens formproline or 5hydroxyproI|ne, or (c)a
derivative of a side chain of an am no acid, wherein the amno acid is one

of those recit®d The deaice ofinldinn K2, medioed by zeutastingethe davine téth:a solution

i) an -NH2 oup, wherein each R3
tmy § ndeperngnies B8RP EGHorte SO bR TsRs o IkEEeS ol kyl 100yl oal Kyl
het erocycl oal kgl Tlférd)élvhce%!fk SiYoficlaamy etk ys, Perbi8 kRS DRIYL in arldrhdurRBf - OH
group repl aced gy an -0- 2 or -OR3 group, wherein each R3 may

i ndependexpityl b ‘@f@gb%$XMHﬂed or unsubstltuted aIkyI cycloalkyl

? |e|t ?; g;yc(l )CO)CFJIJ—|I l%/sr E)Tuhger&rég% gtk:lé @reVOPCIar %%& V(V)here er eﬁﬁi)éaclhanFﬁnTglt o
|ndependembhyyhgw&oab@§Umowm@d or unsubstltuted al kyl, cycl oal kyl

het er ocycl oal kyl, aryl, alkylary aryl al k or heteroaryl (iv) a -COOH
group repl acedtbylhg @@NP@&I}SQO@ fuEImige rt@g%p veheapin te GaRgCtiigepehtient |y be H
or a sub

aryl, a|25$§§§%%“§?9 Epﬁﬁg&ﬂ%ggéé%%%;F?ﬁ%%%®?&§*BfgﬁﬁksnggMﬁggﬁlced by
-S—S—CH24€H@NH2DO@@@H10r -S-S- CH2-CH2- CH(NH2) - COOH;,  (vi) a -CH2- group
replaced by a -CH(NH2)- or a -CH(OH)- group; (vii) a -CH3 group repl aced
by a -CH2-NH2 or a -CH2-0H group; and/or 25(viii) an Hwhich is attached to
a carbon atomreplaced by a hal ogen; or a physiol ogically-acceptable salt

t hereof 64. The device of Caim63 wherein R, R2 or both is the side chain
of aspartic acid, the side chain of glutamc acid, or a derivative of a

si de chain of aspartic acid or 30 glutdfic acid wherein the -COOH group is
repl aced by a -COOR3 group or a -CON(R4)2 group. 65. The devi ce of
Claim 64 wherein R is the side chain of aspartic acid or a derivative of
the side chain of aspartic acid wherein the -COOH group is replaced by a -
COOR3 group or a -CON(R4)2 group, and R2 is the side chain of alanine.

66. The device of Claim64 wherein R is the side chain of aspartic acid or
a 5derivative of the side chain of aspartic acid wherein the -COOH group is
repl aced by a -



COOR3 group or a -CON(R4)2 group, and R2 is the side chain of tyrosine.

67. The device of Claim64 wherein Rl is the side chain of glutamc acid or
a derivatwoeonfosstie si de chain of glutam c acid wherei nPCHAIS203Q0H483 oup i s
replaced by a - COOR3 group or a -CON(R4)2 group, and R2 is the side chain
of al anine. 1068. The device of Claim64 wherein R is the side chain of
glutam c acid @ hedRiIc¥dF le}eoﬂBc oftdMm3 lcd€o 8RaVRLrGh 1 éﬂn@@ﬂtﬁltl%ﬁ'o@ltﬁwer ein
the -COOH group is replaced by a - COOR3 group or a - CON(R4)2 group, and R2
i s the sild&Pohaisurfae ofythognplentable medid@ddevitreexppesdddte tif badyak ab@u Stherei n R
is the sugf chain of aspartic acid or glutamc acid and R2 is the side
chai n of Ahine 1570. The device of Caim64 wherein R is the side chain
of aspartic acid or glutamc acid and R2 is the side chain of tyrosine.

71. The device of Claim63 wherein R and R2 are both a hydrophobi c side
chai n>or a hydrophobic side chain derivative. 72. The device of Caim71
wherein: 20(a) R and R2, which may be the sane or different, each is the
side chain of glycine, alanine, valine, norvaline, a-am nobutyric acid,

| euci ne, isol eucine, norleucine or phenyl al ani ne; (b) R is

-CH2- CH2- CH2- and together with the adjacent nitrogen atomforns proline,
and R2 is -CH2-CH2-CH2- and together with the adjacent nitrogen atom forns
25prol i ne; or (c) R is the side chain of glycine, alanine, valine,
norval i ne, a-am nobutyric acid, |eucine, isoleucine, norleucine or
phenyl al ani ne, and R2 is -CH2-CH2- CH2- and together wth the adjacent
nitrogen atom forns proline. 73. The device of Claim72 wherein
Rl is the side chain of glycine and R2 is the 30side chain of |eucine. WO
2013/ 055749PCT/ US2012/ 059483 74. The device of Claim72 wherein R
is -CH2-CH2- CH2- and together with the adjacent nitrogen atomforns proline
and R2 is the side chain of phenyl al ani ne 75. The device of Claim72
wherein R is -CH2-CH2-CH2- and together with the adjacent nitrogen atom
forms proline and R2 is the side chain of alanine. 576. The device of Caim
63 wherein R, R2 or both is the side chain of nethionine, the side chain

of arginine or a derivative of these side chains. 77. The device of
Claim76 wherein R is the side chain of nethionine and R2 is the side
chai n of arginine. 78. The nethod of claim62, wherein the

i npl ant abl e medi cal device is selected 10fromthe group consisting of a
graft, catheter, stent, prosthetic, breast inplant, punp, tube, pin, rod,
screw, brace, plate and pace naker. 79. The nmethod of claim®62,
wherein the inplantabl e nedical device is conposed of a material selected
fromthe group consisting of nmetal, steel, titanium glass, polyners,

pl astics, and ceram cs. 1580. The device of claim62, wherein the DKP is
adhered to the surface of the device. 81. The device of claim62,
wherein the DKP is inpregnated into the surface of the device.

82. The device of claim62, wherein the DKP is coated onto the surface of

t he 20devi ce. 83. The device of claim62, produced by contacting the
device with a solution conprising a DKP, wherein the solution adheres to
t he devi ce. 84. The device of any one of clainms 80 to 83, wherein

the DKP is in an amount of about |liuMto about 500 ILIM 2585. The device
of any one of clains 80 to 83, wherein the DKP is in an anount of about
501LIMto about 100 ILIM 86. The device of any one of clainms 62 to
83, wherein the concentration of the DKP on a surface of the inplantable
medi cal device exposed to the body is about 1 ng/cnR2 to about 200 ng/cn.
87. The device of any one of clains 62 to 83, wherein the concentration of
the DKP on a surface of the inplantable nmedical device exposed to the body
i s about 50 ng/cn®.
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