wo 2017/117199 A1 [N 00O 0O O

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

6 July 2017 (06.07.2017)

WIPOIPCT

(10) International Publication Number

WO 2017/117199 A1

(51

eay)

(22)

(25)
(26)
(30)

1

(72

74

31

International Patent Classification:
A61K 31/4178 (2006.01)  A61K 51/04 (2006.01)

International Application Number:
PCT/US2016/068840

International Filing Date:
28 December 2016 (28.12.2016)

Filing Language: English
Publication Language: English
Priority Data:

62/271,573 28 December 2015 (28.12.2015) US

Applicant: STC.UNM [US/US]; 801 University Blvd. SE,
Suite 101, Albuquerque, New Mexico 87106 (US).

Inventor: NORENBERG, Jeftrey, P.; 460 Sierra Drive
SE, Albuquerque, New Mexico 87131 (US).

Agent: COLEMAN, Henry, D.; Cosud Intellectual Prop-
erty Solutions, P.C., 714 Colorado Avenue, Bridgeport,
Connecticut 06605-1601 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,

(84)

AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KH, KN,
KP, KR, KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA,
MD, ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY,
TH, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

Designated States (uniess otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

Published:

with international search report (Art. 21(3))

(54) Title: METHOD OF DIAGNOSING AND/OR MONITORING THERAPY OF ATHEROSCLEROSIS

FIGURE 12

RIS TR SN SRS N SIS SR RSN DI SRS

DANBIRT (MW BBB.BG)

NS

(57) Abstract: The present invention is directed to novel non-invasive diagnostic took to dispose numerous disease states and/or
conditions. The presets invention, represents a clear advance in the art which presently relies on tissue biopsy for diagnoses of these
disease states. The novel imaging probe is capable of detecting infected cells, as well tissue. The methods described herein are able
to diagnose, treat and/or monitor the therapy of numerous diseases and conditions including atherosclerosis, atherothrombosis,
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Method of Diagnosing andfor Monitoring Therapy of Atherosclerosis

Related Applications and Grant Sappert

The presem application claims the benefit of priovity of provisional spplication
USE24271,573 of wdentical tde, filed Decomber 28, 2013, the sutive contents of which is

wmeorporated by reference hevein,

This lvestion was made with government support under grant nos. PIDCATIRTOG
05 and BS0014639 awarded by the National bustitute of Health (NIHD. The government has

certain rights in the mvention.
Field of the hnvention

The prosent mvention s divected 1o diagnosing and imaging tissue suspented of oy
known to affected by atherosclerosis, atherothrombosts and related disease states gnd
conditfony, The present invention can be used 1o diagnose the presence and exisnt of
atherosclerotic tissue, atherosclerotie plague in tssue {inchuding vasaudar stherosclerotic
fesions} in blood vessels andéor cardiovascular tissee {especially cardiopuhmonary thsue) of g
pationt suspected of having atherosclorosis andfor stherthrombosts. The proseat fnvention
cany be used to doteranive the exisience and extent of atherosclorosis {especially inHanunoniory
lenkocyte presence and accunsulation i vascudar atherasclerotic plaque) which can be
assessed to determine a patient’s risk of 8 caediovascular event, allowing steps 1o be aken to
treat the atherosclernsis before an umtoward cavdiovascolar event iy & patient ooowrs. The
fmaging probe and dimgoosticitherapy montioring mothod is capable of detecting
atheroselerotie tissue, ay well ax the level and extent of atheresclerosts, expeeially including
atherosclerotic plague aadior stherothrombosis m tissues, espeaally blood vessels, meluding
often anteries andior artevivles and ncluding heart, aortic arch, descending aovta, carotids,
femoral, profunds fersons, renal, hvpogastrie, iige {Common, intenor and extesion), popliteat
fosse, peroneal, witerior tilial ariery, posterior tibtal srtery, anterior dovsalis pedis, shdominal
aovts, cehing arfery, gastiic anery, hepatio attery, splonic artery, subclavian artery, axillary
artery, brachsal avtery, radial artery, ulnar artery, thoreoic govla, superior mesenteric sriery
and mfenor sresenteric artery of a patient. The present Invention may also be used to
diagnose anddoy monitor therapy of 2 muonber of conditions which heretofore have been

difficuit to diagnose andior monitor, including diseases of the bratn such as cevelwal vascudar
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discase, cerebral ischennia, cerebral nfirct and menimgitis as well as prosmonitis,
perwardits, nuultiphe sclormss, lupus eovthommosus and pancreatitis., The present mvention
resulis in a stgnificant advance and step forward in the diagnesis and trestment of infectious
discase using the non-invasive molecular imaging techmiques. Thus, in the present mvention,
the existence of a disease state may be dlagonosed as well as the extent of disease (usefidl in
mondoring therapy). Accordingly, the present invention may be used fo dingnose disease and
refated conditions, inchuding hard-to-diagnose disease states and conditions, inchuding
tnfections and to assist in therapy of wfections by monitoring therapy and the response of the
disease to therapy, Compounds according o the present wivention miay be used as dingnostic
tools for a number of conditions and diseases states as wall as therapsutic agenis for treating

such condittons snd disease states,

Background of the Invention

Atheroselerosis s a chronie cardiovascular disease common in patiems exhibiting

hypercholesterolenyal 11, The number of adults with diagnosed beart disease has boen

satimated to be 26.6 million {11.3%) in the US{2], with more than half of those patients ave
associated with or are potentially causal with respect (o atherosclerotic disease. Prevention
snd sarly diagnoats of atherosclerotic disease complications s 8 top priovity in modern
medicing] 3], a5 cardy lifestyle and medical mterventions can slow the rate of stheroma
development and gvert adverse candiovasculsr sequelae. Harly stage disgnosts s challenging,
howsever, symptoms often become clntoally evident only at late stages whers complete
provention i no longer viableld] As vascular discsse progresses, the inBanunatory and
remndeling process alse evolves, snd the plague can become wastable oy valnerable o
grosion of ruptire, which in turn inttiates ib-threatoning HYuombetic cutcomes. The
pennitimate pathological event, plague rupture, is kleatified due © Ywombogenic procssses
amd inmane cell nfiluation{ 3], Histological chanpes 1 2 valnerable plague such as thm
fibrous cap, mivaplagque hemorrhage andéor 3 ipiderich necrotie chore (LRNCY are presens in
~R0% of ruptured plagques, but such mantfestations require a prolonged and variable time for

progression{&],

Cardiovascula nflammation] 7] and romodeling due 1o atherogenie progression{ 8}
trave also beon identifivd as lvadimg causes of plague instalality, desplte incomplets
understanding of these complex process 2], Apel™ mouse mads! on HFD exhibits mapid

development of atheromatous plaguesf 10}, with features and stages that mibvor those of the

§ok
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human diseasel 1] Early stages of atherosclorosss typieally inchude altered homeostasts and
activatinn of e vascular pndothelim, typificd by o oss of mitvic oxade gmaxa&ia}m and
increased expression of chemokines and adhesion molecules [12], whicl is evident in the
ApaE model{ 131, The role of T cells and monoeytes reeruited o the plagues and
perivascnlar regions have been studied extensively in the vasculay immune responss, but the
ability to wentify intraplaque presencs and sxtent of spaeific lenkocoyie subtypes is mostly
Himited {o vasive andfor post-moriam or post-resection imagingl 14-18], Theroleof
ttraplagque neuwtrophi! secwnudation bas been recemily wentifind as 2 focus pe;}ém in
atherosclerotic plague vulnerabiitg] 1 7], Elevation of typical Momarkers for disea
progression i exploited by molenudar imaging] 18], witich is Hmited av the same e bevavse
of the low specificity of current diggnostic tools,
DANBIRT was developed by chemical repurposimg of BIRT 377, which i @ spegific
therapeutic agent for lpukenva and lympboma, a8 1t targets LEACT expressed on both B and
Tecells{19]. Developed targeted bgand, DANBIRT, i3 a small nosdonie compound that sets
as an sllosteric inhibitor of LFAI{20] The importance of LFA-1 is critical for the initiation
ared impoelse of @ vascula psme response to inpey{ 2L LFASL i nvebved in apecific
snteraction with ntraceBular Adbesion Molecule-1 JUAM- Hin endothelial cells by which
pransmigration {s achieved]22]. Radiolabeling DANBIRT wing ' Hn (Figare 1 allows co-

{ocaltzation of the mdiopharmacentical 1 cardicovascular and tomune tssnesf 231

Brief Bescription of the nvention

In the present invention, an agent for imaging tissues, in pacticalar desue infectad or

inflamed are disclosed, Compounds of the present invention have the chemical forandda I

Basssassasnaananne ¥
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Where YV 15 a chemical Iinker which Haks the mitrogen (ay tmlicatead in the strachwrel to
chedate gronp which can be attached at various positions of the chelaie or 8 tricarbonyl

complex X, wheretny X incorporates ov complexes with g radiofsotope. I preferved aspects of
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the myvention, Y s an optionatly substituted OO ndrocarted (mcluding an optionally
substitated anyl group), profershly an aptionally substituted alkyl group, B exsnple a -
{CH: L2~ group, where i is from 1o ¢ and 88 O NR or N{RBCHUH-O, where Ris Har
8 OOy alkyl {preferably HY or £ 35 & keto {C=0} group, an amide group, 2 urethane group, 8
SO}y group where wis from o 4 (L, a sulfide, sulfoxide, sulfone, sulfonate or salfige
greupd, a phosphonate gronp or 8 phosphate gronp and X s 8 chelate group i which e
radivisotope s incorporated or complexed. In coriain preferred agpects, Y s & {UH NH-
arowup, whore i is from 1 10 &, proforably from 2 0 4, preforably dand Xisa
polvaminccarboxvho macrocycle, preferablv 4.7 10 etrsasacyclodandecane-1 4,710+

tetrancetic aoid (DOTAL

Tn other aspeots of the invention, Y s & linker compristag 8 Cpl gy, preferably 3 O0y
subsstituted hrvdrocarbyd group {which is boaded 1o the mtrogen of the dioxoimidazolyl group
through a kate group) containing two anune groups or two sulfiy groups which are Boked
with the tricarbony! compound X which incorporates or complexes to the sadinisotope. In
certatn aspects, the preferred Baker contaim a dithiahexyd group or & dimninohexyl or
digmnobutyl group, In another aspect, the linker may be dertved bom lvune (hnked to the
dioxvimidazolimyd group through the carboxyie acid mosety of vaine). Chomicsl Hokage of
the linker e the dioxotmidazoling gronp may be through a carbonyd group, alkylene growp or

other group capable of being Hnked 1o the nitroges of the dioxoumidazolingd group.

Preforred compounds scoording o the present invention may be reprosented by the

chemical strmicture:

EEY

Where Ri iz 3 radioisotope as otherwise described horen below, more prefembly st

en, e M P0e U0, M6, YUY o e In panticndarty preferved aspects, Ri
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[REE

aee U (VY 0r R0 (G M) Tt v noted that componads according to the present
frvention exhibit a Svorable bingvaiahiling 1o tssues which have been infectad witha
microbsial infection, thus provising a ready means by which the infection may be dingnosed
slior monttored fir therapentic success o fatlure, This favorable hicavatlability w also
evidenced in vertain Hasues, which allows the msthods of the present apphication o be
partivudarly suitable for disgnosing sadior monitaring. o the above chemical fonmala, the

carboxyiate groups may be complexed with the radivisotope as depicted below:
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Radivisotopes are selected based on the physical half fife, the decay mode {slpha,

breta, suger, pamma, Neany) and the energy of the raliotsotope. ‘Eixm}:pi?aw radioisatopes for

Co e _ ‘ B e 313 Wy Filpps
use in the prosent invention include, R example, Y, 7Y, iy o, ae, as e
Udpyr G, v S8 Slpx . BT Tg, TRa. a. Ta. 8 . 8y Wy Mep 20

B, “Ga Ga, PGa, V0w, T0u, TAs, BAs, TAs, Tas, Bn, Bnr, My By ¥ ®pp
it )

Bh 220, Mo, Bem T Re, PRe, T In cortain aspects of the present
fvetion, preferved radivisciopes molade, Ror g’*{am;}k i AR e, e, A, Y0,
“Ga, CGa YUY or Win , more preferably TVBE YL, P, “Ga,even more often, ¥Ga
and ' ln, among others. ' in and ““{I:‘sa are preferved for use i the present invention because
the incorponuion of these radivisctopes o the basie chomical structure, especially in
compounds comtaining ¢ DOTA chelate motety rosulis i a compound having favorable
bioavailabilty charscteristios after admindstration 1o a pationt. Many radioisotopes are used

in the present invention prefomblhyin cationie form {e.g., tricationis form),

Methods of diagnosing andior monitoring the treatment of diseases or condisions,
especisily infections or inflanumatory diseases or conditions gs set forth herein sopresent &
preferred embodiment of the fnvention. Iy this method, an effective amount of one or more
componnds according to the present ivention {which amount may vary 85 8 huction of the

tensity of the tmage provided, the particle anttted from the radionachde of the compound

%A
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and the woight and sge of the patient) s admmistered to & pationt it need thereo!f to diagnoss
a vondition or discase state ot 10 mowtor sudfor assess the trostment of the condition or
disease state. Disease states or conditions which may be disgnosed or treated by the present
fnvention inchude, for example: stherosclorosts, especially the budldup andéor extent of
atherosclerotic plague i Hasuss, expecially Bloud vessels, inchuding often arteries andior
artericdes and icludmg heart, sortie avch, descending sortg, carotids, femoral, profunda
femoris, renal, hypogastrie, iiac {common, interior and extertor), popliead fossa, peronedd,
snteror tbmd atery, posterior tbial artery, sutenior dorsalis pedis, sbdomingl sonta, coliae
ariery, gastric artery, hepatic antery, splenic anery, subclavian sriery, axillary artery, brachial
artery, vadial artery, ulnar artery, thoracic anvia, supenior messnteric artery and mferior
tnesenteric srigvy of 8 patie, atherothrombosis which may cocur in those same tissues,
dizegses of the brain such a8 cerebwal vasoular disease, corebral ischemia, cerebral infiret aund
meningitis 3s well as poeumonits, pericarditis, muliiple sclevosis, lupus ervthematosus and

pancreatitis,

In the disgnostic method according to the presest fnvention, 8 compound svvording o
the present invention is sdministerad o a patient. Bvidence of a disease stale or condition of
the tissue o be dimgnosed and 118 relevance to disease (for example, Bom elovated exprosaion
of LFASLUAM receptors) in tissue of sadd patient & nuade theoagh stendand welldaown
nuclear fmaging techmiques, especially radistion fradionuclide) tmaging, mclading
sumtigraphic imaging, in which an inageds) taken from 3 patient 8/ave compared o a
standard, which may be s image from normal, wninfected tissue or an fmage or images from

infected tysue at varous stages of infection, s indivative of a disease state oy condition in the

tissue of the pationt. i genergl, elovated levels of radiation cmanating from g digoosed
tissue iy evideace of elovated LEA-IACAM recoptir activity and indicative of & discass state

e condition wherem these recepiors ave found at elevated levels and a disease state on
conditiorr pecurs, 1t bas recently bean discovered that the present myethod s applicable to
additional disease stateys and conditions as set forth heverin, wcloding athorosclerosss,
stherosclerotic plague in Hasues, especially blood vessels, inchading often arteries andior
arteriodes and including hean, sontic avch, descending sena, carotids, femoral, profunda
femoris, venal, hypogastrie, thac {common, mterior and extertor), popliteal fossa, peronead,
anterior tthial avtery, posierior tbial artery, amerior dorsalis pedis, abdominal aorta, celiae
arfery, gastric artery, hepatic arlery, splenic artery, subclavian artery, axitlavy avtery, brachial

artery, vadial artery, winar artery, thoracke aprta, supenior mesaontenic artery and mferior
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mesenteric artery of a patient, stherothrombons, corebral vascular disease, corchral ischema,
cercheal infhret gnd meniogitis as well as preumonitis, pertcarditls, multiple solerosis, lupws
ervthematosus and pancrastitis. Thus, the present invention may be ased to diagnose the
existence andior severity of 8 dissase state, s well 38 response of & disease state or condition
o therapy.  This is done by naging fssue which i3 infected or suspected of belng infected fo
develop one o more unages and then comparing the imagels) with & standard image oy

images from normal tissee andfor infected tissue,

Diggnosis of 8 disease state andfor condition anddéor monitoring of trestment of 2
disease state‘oondition in tissne by methods according 1o the present inveniion repressnt
principal aspects of the present invention,  This method optionally coniprises the step of
modifying veatment of the disease state o condition in the event that the monitoring

gvidences that therapy shoukd be modified.

The present nvention represents the use of a novel, leukooyte function-assoiated
antigen-1 {(LEA  argeted smalb-molecude radichigand for nonsnvastve imaging of
wflammation and sumwune cell activity m vasoular disease, cardiovascular dissase, stroke,
angina, myocardial wfhret, This smatbmaolecule probe can be Tabeled with radioouchde o

cptically sctive moleties to allow PET, SPECT, optical, biolnminescent imaging.

Atherosclorotic plague has been idomified s an tmportant mechanism of vascular
disogse, im‘,ius}iag canfiovasculsr disense. Inflannnation and innsune coll sctivity in
atherosclerotic plague is believed 1 play an oportant role i vascolar homeostasis. In
atherosclerotic dissase, inflammation and anmune cell actreity, especisily loukoovtes andfor

Nemphooyies have beas associated with plague fiabihity and instability. The bregkup of
nnstable atherosclerotio plaque s bnown 0 canse smbolic svents that may lead to the release
of ersholi or throwbuy formation. Thus, the detertion of valnsrable plaque is an logportant
progaoste factor i assessing the risk of embolie vascular ecclusion, which can cause

rvocardig! infret and stroke,

LFAT a5 profesn expressed on leukoovies, LFA L is & proteln that interacts with
jntraceHular adhesion molecule-t QUAM) expressed by other tssues to slow crcnlating

lenkoovies, increasing leukoovie-tissus mieractions, stenaling, aad activity,
-~ &) et - R Nt LSRR a
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Thus, the present mvention relates to a method fiw diagnosing o disease state or
coundition, including an infection @ ¢ patict comprising administering to sabd pationt sn
effective amount of a compound a8 generally described heremabove 1o a patiznt suspected of
or being at risk for having a disease state andfor condition as otherwise described heoretn and
then dingnosing the sxistence of 8 disease o condition in sald patient by imaging said patient
and detenmining the sxistence of an imagmng (radiotmage) sigeal fom tissue in sud patient
consistent with the existence of a disease state or conditton. The method comprises
compariag the image(s) obtained Fom the pativnt 1 one or mere stasdard imeges (g 8
standard for normal tissue anddéor of discased tissug of the patient or a population of patients
to sstablish o standard). A determination that fissue or an cvgan 3 patient is tmpact by &
disease state snddor condition or ifected and the extent sndfor severity of wiection is made
by companng the image fFrom the tssue of organ suspected of being infected with the
standard image. 1f the tmage o the tesue 35 sigaii’ieau{iy higher than a standard mmage
from non-infected tasue, then a diagnosis that the tssue s infected vy be made.
Alternatively, if the tmage from the tissue is approximately the same 88 2 standard image
from infected tissue, then a diagnosis that the tssue s infected and the severity of infection

may be made,

A pasticuladly prefired group of componnds for use in the prosent invention are

compounds sccording o the chemical stracture:

Where Ri is 8 madicisotope as otherwise described herein, more preferably 2781 7Ly,

B ey

it

I, hwhediog pharmaccutioally accepiable sahis thereofl The above compound may
also be represented by the following chenvical structure, where the cwrboxvlate smons are

complexed with the radionnchide

o
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Whers Ri is a radioisotope as otherwize described heretnbelow and more preferably V7B,

pad B8 g i . . c e e -
T, ®Ga or Min, including pharmaceutically sceoptable salts thercof]

K “ N i S N E oY .S&t"‘\ E‘; . A s e SN & O x - i -
In partioudarty preferved aspects, Riare T Gaor 7 i sccording to the following chemicad

strocturs {or a pharmaceutically avceptable saltion):
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Which may also be represented by the following stracture:

IN
4
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Which may also be represented by the following structure:

Q
X o
TS 48
4 \/ N
M Rt L I S \N
ST T *
- ESES ¥ o

It s noted that compounds according to
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y the present nvention (and in particular,

compound IN or GA, above) exhibit a favorable htoavailability to Hasues which hase are to

b chiagnosed for dissase state

infection may be dingrosed anddor monitored for therspentio suce

5 andiconditions, thus providing a ready measns by which the

oss or fatlure. ftis

noteworthy that the compounds also cross the blood bram barrier in certain circumstances

such as inflamed msuningds and other wstances, which caus

se o result dna leaky blood fuain

barnier. Such lesky mensningis are common m menmngitis, MY, trawnatic bratn mjary,

concussion, PTRTY, e,

conditions v the bratn effective.

making diagnosts and montioring of these discase states andiar

In gltornative embodiments, administeation of compounds according to the present

wvention assist i montioring thesapies for trogting 8 disease

10

tade o comdition, mohading an
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sfection wherem during treatment of the disease stafe or wfechion, & compound according to
the present invvention may be administered 1o a pationt such that mfecied tssue may be
inagedimonticred and optionally/preferably compared © & standard image (from norsal o
wnintected tssue anddor impactedinfected tissae, g5 ¢ standand) in order 1o deternne the
effect of therapy on the diseaved tissue.  The therapy maay thersafter be terminated becanse a
cure has been sffected, the same therapy may be continued o Huther taat the dizease state,
condition andfor infection, or the therapy may be modified in order to huther treat the

tnfection.

Dizense states andfor conditions which are diagnosed andior monitored sccordmng o
the present Invention inchude stherosclerosis, mcluding atheraselerotic plague i tissues,
especially blood vessels, molnding often arenes andior arterioles and inchuding hean, sanic
arch, descending sona, carotids, fomoral, profunds fomoris, renal, hypogastric, tHac
{oommmen, ntenior sl extenior), popliteal fossa, perongal, anterior dbial artery, postenior
tibial artery, anterior dorsalis pedis, abdominal novts, celise arery, gastric snery, hepatio
artery, splente avtery, subolavian avtery, axillary antery, brachial artery, radial artery, ulnar
artery, thoracic sorty, supenior mesenteric artery and inferior mesenteric artery of a patient,
atherothrombosis v one or more of the same basues, corebml vasoular disease, cevebrad
tschenva, corebral infirct and moningitis agwell as pucwnomtds, pericarditis, wdtiple

sclerosis, lupus ervthemstosus and pancrsatiig,

Brief Deseription of the Figurey

Figure 1 shows the use of 7 In-DANBIRT as an iy vive SPECT/OT inaging tool for
the expression of LFA-T v the inflanwnatory process of athevoma development. Figare 1A
shows the results of MVE induced cardic \;?szﬁnmzwz\ mflanuation 1 both hung and cardine

tissue. Figure 1B shows the end disstolie/systobie volumes decreased by MVE,

Fignres 2-7 show the results of an organ bio distribution assay. These results

evidenced significant uptalee in the Hver, serum, aoria and i different blood components

gy

.w

{Figures 2-7} Radiolabehng was successiid having 8 speatfio activity of 2 86mlumole dat

shows bigh ims;:(}rg.zmmim yiekt {»08%) of M in-DANBIRT.

1
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Figure 8 shows the results of an movitro assay o determine the deal specific binding
1o leukoovte subpopulations (eutrophils sad PRMOCS). The results show gnimoregse i

uptake in czone-exposed neuttophils, no significant resulis m the PEMC sample.

Fignres 9A and B, 18A-C and 11 show the results of 8 24 bowr sntoradiography
assay {Figure 9 A and B and Figare 11} and g 3 bowr SPECTCT (Figure 18) analysis
correlated the findings and gave a clear idea regarding the radivisotope distribution in
cardinvascular tissue (heart, aortic arch, carotids), The results also showed increased uptake

i the thymus, which 18 conststent with incressed mmune response to vasoular injury.
Figrere 12 shows the genene DANBIRT chamnics! structure and slecular waight

Figure 13 shows Table 1, direst to the [V in] In-DANBIRT animal study design.
According to the study, Aps;;vE"L migewere exposed for 3 sweeeks 1o esther sormad chowe o high

fat chow for experimuent samples,

Figatre 14 shows Table 2, which is directed 1o the UPLC method gradient with flow

Tae.

Figure 18 shows Table 3, which shows the SPECT/CT imaging parameters using in

the experiment.

Figure 16 shows the radiolabeled DANBIRY in vitre stability. Representative HPLC
{Adand ITLC (B) results ware performed te assuss in vitro stability after radiolabeling
protocol for ®Ga was completed. {C) Incnbation in Fetal Bovine Serum (FBSY and 0.9%
Saling sclution showad »93% mcan radiochemics! purity and incorporation vield i tnphicate
samples at basehine, 3 minvtes, 30 numgtes, 60 minutes, 120 minntes and 240 munudes of

inoubation.

Figure 17 shows the Modisteibution analysis of | ] Io-DANBIRT on Apol™ mice
after 8 weeks of dietary assessment. Muscle, heart, sonta, seram, WBO and Bver were
harvested and optabe was quantified. Results showed higher uptake in cardiovascular tissues

angd lenkooytes fvmice that were fod a HFD (005,
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Figure 18 shows the porcentags woight g per wesk from baseline weight of Apoll
Tindee after R weeks of dictary assessment. Parcentage of bascling body welaht tncregse

compared at weekly time points reprosentad as weeks per distary group.

Figure 19 shows the serum fotal cholesterod aad wiglvosride level quantification in
ApoE ™ mice per dietary group. Total cholesternd, total triglyceride, VLDL, HDL, LDL and
chviomicron quantification ave expressed as concentration 1o milligrams per deciliter {mg/dL}

sndd 1 nanometers {un) Bor particle sze

Figure 20 shows the hstoelogic analysis of OUT frozen subgortic leatiet
atherosclerotic lesions, (il red O staining of lustologic seations of OCT Hoven subaortic
leaflot atherasclerctic lesions under 2 103 objective, represersied as percentage of atheroma

lesion aren to arterisl vessel wall ares (™) per distary group.

Figure 21 shows the immunohistechemistry of QCT frozen subsomie leaflat
atherosclerotic lestons {A) FITC conugated rat anti-mowse U0 Ia (10 objective} {B)
comparad o (sl Red O stamving of consequent shides in HFD fed animals {10 obyective}. {0}
Subgortic vessel wall leaflet atherosclerotic lestons statned with FITU conjogated o anti-

mouse CD {a (63x objective wivamersion aif}.

Figure 22 shows radiclabeled DANBIRT upiake in solated bood components post
S-howr exposure to azone. Data showed an ingreased uptake of I¥Ga] Ga-DANBIRT in
neutrophils post d-howr ozone expospre (fp=(L 0087 with & decrease in PRMC and serum
uptake. Cytospin shdes were staimed using Wright-Gromsa borizoental method for differentigl
analysis of isolated sample parity ander 100x objective wimmersion ol with & Bgln

NHELOSCOPE.

Figure 13 shows radiolabeled DANBIRT competitive binding assays. Radiotsotopic
difution roothods were performed wiing an tnitg] specifie sotvity of 625m i pM and
cnseguent serial log-fold dilution concentrations. Saturation of isolated nentrophils as of
pereent of maximum uptake was observed statting at 8 50y pM (110X log fold dilution

concentration) specHic activity of radivlabeled DANBIRY.
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Figare 3¢ shows e PHo] In-DANRIRT SPECT/OT fmaging. (A, B, O} lncreased
tongitadingl uptake of [V i) M-DANBIRT fn condiovascular arcss prone to vaseulsr
atherosclerosis development {heart, descending sonta, aortic arch) reflecting » longitndinal
inerease per time point (week) shown by SPECTACT imagimg. (1) RO were drawen for
musele, descending sorta, aortic arch and hewrt using VivoeQuant (mdURO) from phantom

soan wnd extrapolated in each subject Red srrows potnt o ROI of desvending aonta.

Figure 23 shows 24he [ In] l-DANBIRT 30 autoradiopraphy, (4,0} RO were
dewwn for mascle (blog), commuon carotids {preen), aontic sroh {oyvand sad thymus {ed) tsing
VivoQuant fron phantom scan and extrapedated 8 sach sabect, reflecting concentration per
volume normalized to muscle, (BY Increased uptake of [ fu] In-DANRIRT in commen

carctids and thymous in HFD fed muice comparad to normal dist fed nvice

Detatled Deseripiion of the Invention

The following terms are psed thronghout the specifivation to deseribe the present
invention. Where a termn 18 ot given a speeific defintion herein, that ferm 13 10 be glven the
same meaning as understood by those of ordinary skill in the art. The definttions given to the
disease states or conditiony which may be treated using one o more of the compounds

according 1o the present tnvention sre those which gre gonerally known i the g

1t 15 noted that, g usad i this speefication snd the gppended clans, the singular

X

forms "8, Man,” and “the” include plorel referents unless expressly and uneguivocally
timited 1o one referent. Thus, for example, reference o a compound” mnclades two of more
different comnpound.  As used boreiy, the term “inchede” and iy granuoatics] varianis are
intended to be non-lmiting, such that recitation of fterns in g Hst ix not to the exclusion of

other like tlems that can be substituted oy other tems thet can be added o the Hsted itams,

The teom “patient” or “sublect™ is used throughout the speeification to deseribe an
aimel, preferably a uman, 1o whom diagnosis or monitoring of treatment with the
componnds according to the prosent invention is privided. For diagnosis, and moniioring
treatment of those disease states andfor condiiions which are specific for a speatfic snimal

such as 2 human patient, the torm patient refors to that spectfic sndnsal. In addition to

14
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humans, domesticated snimals are often pationts and subjects sccording to the present

mvention,

The term “compound” 15 used herein o refer 0 any specific chenvieal compound
disclosed heveln.  Within e use iy context, the term generally refers © a singls componnd
bt 3 certam Inxtanves may also refer to sterenisomers aundior optical Isomens (inchuding

racemic mixturest of disclosed compounds, including phearmaceutically scceptable salts,

solvates and polymorphs thersot

The term “optionally subsiituted”™ shall mean a substitusnt other than H on 3 molecule
of a compound, the substitug being compatible with the chemistry of the presont invention,
Substituents include T-Cy allyd proups {preferalily, OOy aliod groups, which sy be
optionally substituted with for example, one or meore balogen group, sspecially fluerine),
halogen (F, C1, Br or I}, amine groups {which may be optionally substitwted with ong or two
C-Cy alkyd gronps), O{C-Cslalhyd {alhoxy), OCIORTC-Caalked {ester), (OMCOT-Clatkyvl
{esten), CpCe amide ov U-Co carboxamade Owvhere the amine s ansubstitited, o mone- of di

Oy albod substituted), among others,

The tenmn “effective anount” 13 used troughont the specification o desoribe
concentrations or amounts of compounds sccording 1o the present mvention which may he
used to diagnese a disease state or nwonitor progrosis of & discase stye, produce a fvorsble
changs in g disease or condition weated, whethey that change v a remission, 3 favorable
physiclogical result, a reversal or attenustion of a disease state or condition treated, the
diagnosis, prevention oy the reduction fn the Hhelihood of a condition or diseane-stats
eecwring, dependug upon the disesse or condition ireated. Where compoands are used in

combination, each of the compounds is used in an effective smeant, wherein an effective

amount may wchede 3 syrergishic amowt,

Nuted here is that within the context of the wse of the prescot invention, the patient
will be vecerving a radiation dose, which provides guidanee to the amount of compound
which ts considered effective when wsed within the context of e use. A patient undergoing

a nuckeay medicme procedurs will receive s radiation dose. Under present internationsd

et
L%
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guidelines i 15 assumed that any radiation dose, however samll, presents a sk, The radiation
doses dehiverad to 8 pationt in 2 nclear medicing investiggtion present a very smal risk of
side effects, inchting inducing cancer in the patient. In this respect it 1s simlar 10 the risk
from X-ray fvestigations exoept that the dose is deliverad internally mather than frons an

external source such as an Ny machine,

The radiation dose from o diggnostic nuclear medicing procedare 18 exprossed as an
effective dose with anits of steverts {vsually ghven in nullisteverts, mSv), The effective dose
resulting from an mvestigation i influenced by the smount of mdiosctivity administered i
megabecquerals (MBgl, ihe physical properties of the radiopharmareutical used, Hy

distribution in the body and #is rate of clearance frons the body.

Effective dosgs can range Hom less than abowt & pSv (0006 mSv) 1o 37 mSv or me.
For reference, a common bone scan with 600 MBq of technetiuny-99m- MNP has an effective
dose of about 3 mSv. Formerty, units of measurement were the Cuante (U1}, baing 3.TEIN Bg,
ared abvo 1.8 grams of vadhan {Ra-226) the rad {racliation absorbed dose}, now replaced by
the Gray; and the rem {rHatgen squivalent man}, now replaced with the Stevert. The rad and
rent are essentially cquavalent for almost all noclear medicine procedures, and only alpha
radigtion will produce a higher Rent or Sv valne, due to #ts much higher relative bologioal

effectivensss (RBEL

The e "ICAMCVLFAS] madisted discase™ s wsed throughout the specification o
describe g disease which is mediated through, ocours as a conseguence of the iteraction of
HOAM-Y with LEASL, for sxamiple, by inhibiung the ICAM-UVLFA-] dependent homotypie
agursgation of human hmphocyizs and human lymiphoovie adherence to I0AM L or
modulating inwmune cell activation/proliteration, for example, as competitive inhibiters of
mercelhidar Heandireceptor hinding reactions involving CAMEY md lepkomiegring.  These
disease states wmolade numerous disesse states and conditions, especially atherosclerosis,
atherothrombosis, cerebegl vasonlar discase, corebral ischensin, corebrgd infaret and
meningitis 85 well gs preumoniiis, pericarditis, nnltiple sclerosis, lupos envthematosus and
pancreatitis, 88 otfwrwise desoribed horein, These discase states or conditions often praduce
levels of LEA-T or ICAM recepturs which are slevated as a1 consvguence of disease state or
condition and provide & farget or gpproach for disgansing, monitoring the treatment of andior

trenting these dizenses. s noted that in cortain conditions of the brain, 3 has been found

16
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that the blood bram barrter allows the compounds of the present invention o cross wio the
brain, thus factisting disgnosis sadfor monttoring of these disease stotes, which mclade

cevebral vascular disease, cerelial ischeria, cevebiral infarct and meningitis,

The present compounds and compositions may be veed 10 treat varied disesse states
and conditions such as atherosclerosts, atherothrorabeosis, coretwal vascular disease, corshyal
sschemia, cerchral infarct and meningitg as well a3 preamonitis, pericarditis, maltiple
selerosis, lupus ervthematosus and pancreatins, T this nethod one or more componnlds
gecording o the present invention, slone or in combination with &t Jeast one additional
hioactive e administered to the patient or subjec] v need with one or more of the atoee-
described disease states andfor conditions iy order to inhabit, reduce or resolve the disease
state andior condition or reduce the hikelthood that & disease state andior condition will

worsen o spread 1o othey tissue,

In certain preferred aspects of the invention, compounds scoording o the presemt

invention, and i particudar, 3 compoamd sccording s the chemical stracturs;
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Where K11 & radivisotope selected based on the physical half e, the decay mode {alpha,
bots, suger, sanmag, X-my) and the onergy of the radicisompe. Bxemplary radiotsatopes for
nse in the present invention include, for example, Y, Y, Win, e, Mae 81, 781
1 %G, T Ga, M0, P00 T0u, Tas, Tas A, Tas e, TR, BV UV M2 Ve,

e -

24, ot s 3886y v 133, IR 2% 188yy o PRmteype . s ) . >
Peb, TR, PHe, Wm0 T Re, PRe, T In cortain aspects of the present

myvention, preferred radiorsatopes nchude, for sxample, 7By, B e, T e A B aa,

4R o 33 Koy $55 . Iy 17 RS ET Gl . iy w o BB
“Ga, PGa YUY, or T in  more preferably TUBL T L, T s, Ga, even more often, Y0

and 'Vin, among others. ' in and ©'Ga are preforred

In vertain preferved compounds Ri is 8 radiodsotope {as 3 cation} as otherwise
e

described herembelow, more prefomably PRi {for example, as "UBIY T e (for example, a8

Bt

RS

¥
1

“Gaor in (for example, 8 “Ga 3+ or a3+ are preferred. In particutarly

preferred aspects, Ri are TGa or i sccording o the following chemizal stractures:

£ *,
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s~
B

Which may alse be represented as follows:
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or a phanmacsutically avveptable salt, enantiomer, selvate or polymorph thersofl

The torm “disease or condition™ 18 used throughont the specification 1o describe
chucally evident disease resulting from the presence, mtroduction or vasion of laukoowtes
sndfor hvmphoovtes o a8 tesee chiarpctorized by 8 disease state andéor conditton to be
dingnosgd, montiored, monitored sud treated andfor vemted secording w the mathod of the

present rvention,

The terms “wreat”, “reating”, snd Treatinent”, org., a8 wstd hersin within contedy, alse
refors 0 any action providing & benefiy to & patient at sk iy any of the discsse states or
gonditions which can be diagnosed, moniiored andior treated purstant © the prosest
snvention. Disease states or conditions which may be diagnosed or treated by the present
wnvention inchude, for example: stherosclorosis, especially atherpsalorotic plague in Hssies,
especially blood vessely, ncluding often arteries andfor arterivles and including hewt, aortic
arch, descending aonta and carotids of & paticnt, stherothrombogsis which may cctar m those

save Hssues, discases of the bram such as corcheal vascular disease, cerebral ischena,

1%
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cerebral mfect and menimgitis a3 well 83 presmomtss, pericarditis, muliiple sclercay, lupus
ervthematosns snad panoreatitis. Treatment, 83 used hoersan, principally enconmpasses
therapentic tragtment, but may slso encompass both prophviactic snd thevapeatic treatma,
depending on the context of the testment. The term “prophyviactc™ when used, means to
reduce the likelbood of an ocowrence or the severity of gn occurrence within the context of

the rearment of a disease state or condition othenwise deseribed heram,

The tenm Mlowkooytes” refes o white blood cells in & patient’s blood, The cethdar
components of Hood include erythrooyiss {red blood pells), lenkooytes {white blood cellsy,
and platelats. Novmal buman Mood contains betwessy about 4000 ~ 10,000 leukooytesiul.
Lovkooytes are divided ot five classes based on worphological and tinctorial charscteristics
when stained. The Bve classes of leukoovtes ane:

neutrophils (30% « 78%;);
sostnophils (1% - 8%
basophils (less than 1%}
monocyies {2%-10%); and

lymphocytes {20%6-45%)

For purposes of the present invention, monoeyies and hymphocyies are importan
cellular components of leakooytes. Monooytes, when recrutted to tissues, beoome
mscrophages. Macrophages may ceowr when g moneoyte anters damsged tssus throogh the
endothelion of a blood vessed, 8 process knowr sy leukooste sxiravasation, There, the
moneyie undergoes & series of changes fo beoome 2 roacrophage. Monooyies ars atiracted 1o
a damaged site by chemics! substances through chemotanis, triggared by & range of stimull
including damaged oslls, pathogens and ovtokines released by macrophages alveady 8t the
site. Unlike short-lived neuirophils, macrophages survive longer in the hodv up toa

maxiysantof several months.

Macrophages are the predomingst cells tnvobead o oreating the progressive plagne
testons of atherosclerosis, Foeal reenutment of macrophages occwrs aBer the onset of soute
myocarchal infarcation and in other stances. These macrophages function to remove debing,

apopsotic colls and 1o prepare fr Hasuw regeneration.

20
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Collectively, neutrophils, eosinophls, and basophils are bnown @ granuloovtes due to
the prisence of pranoies wther ovteplasny. Inaddition, monocyies and bymphoovtes see shso

kpown as mononuciesr cells,

The term “Lymphooytes”™ refers to 8 sulwet of white Mood cells or Jeukoeyvies.
Lympheocyies reprosent about 20 1o about 453%. A hvmphooyte s o type of white Moad
cells that is partof the immane system. Two mai types of lymphocytes are B-cells and T~
cells, B-cells are characterized by the presonce of tmmmoglobaling on their surthee, aud
upon stimudation with antigen, they are transformed nto plasma cells, Plasma cells are then
able 1o secrete antibodies specific to the antigen. Tecally take part in cell mediated immune
response, which does not depend on the presence of circnlating snitbodies. T cells destroy the
body's own cells that have themselves been taken over by viruses or become cancerous,

o

Lvasphoovie number are ralevant to diagrosis of cancer and may be upregulated {increased
commparad to normal} or downregnlated {reduced compared 10 aormal) depending upon the
type of cancer or the stage of cancer which s disgnosed.  Barly stage cancer tends 1 have
higher lymphooyie numbers compared to later stage canwers, which show reduced

tvmphoovie activity.

The term "pharmsceutically aocepable™ refors 0 3 salt foun of the present
compounds {an acid or base addition sall, among others well known In the art) or 8 carier,
additive or excipient which is not anacceptably toxie to the subject to which it is
sdministered, Compounds gecording to the present invention include phanmaceutically

acceptable salt forms where applicable.

The term “mnsging”, “moleculyr intagdng” or “radipimaging is used 1o desoabe
raethods that use the nuclear properties of matter In disgoosis and thesapy, pursuant to the
prosent wvention. More specifically, the present tnvention relies onmolecular nvaging
because it produces images that reflect biological processes that take place at the cellidar and

subceliuder lovel.

Molecular imaging is @ discipline that unites molecutar biology and & vive snaging &
enables the vispalisation of the cetludar function and the follow-up of the molecular process i

living organisos withoot perterbing them. The mudtiple and vomerous potentiahittey of this
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field are spplicable o the diagnosis and treatment of diseases and conditions as otherwize
described horpin, This wechmique alse contaibiges o proving the treatment of these
disorders by optimizing the pre-clinical and clinical tests of new medication. This appreach

also has a migor sconomic iapact dus o earbior and more pracise dlsgnosis,

Moleoniar imaging differs fom paditional imaging in that probes labeled fomarkers
are used to help image particular fargets or pathways. Biomarkers imteract chemically with
thetr surreundings and i ten alter the woage aceording to molecudar changes cconsring
within the area of interest. This process is markedly diffevent from provious methods of
ivaging which primarily innged differences o qualities such as densily or water content.
This shility to tmage fine molecular changes opeas up an incredible munber of exciting
possibilities for medical spplication, inchuding early detection and treatmiesst of dissase, in

particuiar, melanomsa and metastatic melavoma sccording 1o the present invention,

There are a number of differsar imaging modalities that can be used fr neniyvasive
modecelar gning, using compounds according o the present invention. Bach has different
strengths and weaknesses and some are more adept at mmaging multiple targets or sites than
others,  This fs important in instances where atherosclernsis or other disease state is
suspected. The modalities which can be used in the preset tnvention are variad and tn the
present nvention prncipatly inclade single photor omission computed tomography {SPECT),
SPECTOT which combined SPECT maging with compuer somography (U1}, and positron

envission tomegraphy (PET), discnssed below,

The main purpose of SPECT when nsed nmelspoma inaging plorsuan o the prosent
imvantion iy o messure the distribation of radicisotope in akin tissue, in particadar, those shin
regions and other tissues where melanoma, inchuding metasiatic melancna, is suspected, The
development of computed tomography in the 1970y allowsd mapping of the distribution of

the radicisotopes i tissue, and led 1o the techuique now called SPECT.

The tmaging sgent used in SPECT sonts panuna ravs, ay opposad to the positron
eritsers used it PET. There are a nunther of radicisotopes {such s ™ Te, Miw, ¥, 201,
HGa, P e and *UPh, among stlee ganima ray cminers) that oan be used in the presens
invention and imaged with SPECT techuclogy. In SPECT, where possible, by rotsting the

ganvma camera around the area to be analvied, a three dimensional image of the distribution
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of the radiofracer may be obiamed by emploving Hiliered back projection w other
tomographne techatgues, The radioisotopes wsed e SPECT have relavivedy Tong half lives {a
fow howrs o @ fow days) making them easy to produce and relativedy cheap in comparison
other radivisotopes. This repressats the miajor advantage of SPECT a8 an imaging technique,
sinve it is significantly cheaper than PET o other inaging methods such ay magnetic
restmance imagmng (MR However, SPECT sometimes lacks exceptional spetial (Lo, where
exactly the particle 18} or temporal {Le., did the contmst agent signal happen st & particular

muitlisecond or not) resolution,

Anothey imaging techaique which fnds partionlar use in the present Invention is
postivon emission omography (PETY In PET, s molecude is tagged with s positron sumtting
fsotope. These positrons (B particles) nteract with newrby electrons, emiting by 311000 eV
photons, dirscted 180 degrees apan o opposite divections. These photons are then detected
by the scanner which can estimate the density of positrony annihilations n a specific area.
When saough interactions and annihilations have ocourred, the density of the original
medecale may be measured in that sree, Typical isotopes includs V¢, BN, B0, BF ¥y,
0w, N B, R and ®Ga, among

(e of the magor disadvantages of PET i3 that wmost of the radioisotopes must be made with g

e Sreedendiones § . v, ey Sdpn N
others, inchuding the preferrad "Ga, VG, V0, Y.

eyclotron, thus making the use of PET, m cortain instances prohibitively expensive. Mostof
these probes slso have g halt life measwred o minutes and hours, thus foraing the oveloton,
I many stances, o be on site. These fsctors can make PET sometioes probibitively
SXpensive, except in cortain cases, which the present invention addrosses i cortain aspeets.
PET imaging does have many advantages though, First and foremont is 3 sensitiviny a

typical PET scanner can detect bevween 1677 miolL to 1077 mol/L concentrations.

The prosent compeunds, compositions and msthods are readily adaptable to
comventional nuclear medicine techniques to provide diagnostic, monitoring and therapeutic

approaches purstant o the prasest Brvention.

The tenm "standard”™ s nsed 1o desentbe g set or reforenee megsurementi(s ) made with
for example, novmal ov non-diseased tssue or, m sowme cases discased and nos-trogted Bissue)
such that a comparison with 2 tosted sample or samples can womade 10 determing the
existence or absence of a discase-siate or condition i the tested sample (which s usually in

the patient’s body) or the effectiveness of o therapeuntic treptvent. In the present invention,

3
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standards may be deteronined by taking measurements using novmal tissue sndior the absence
of a condition or disease stake of § mosswement, among other mcthods, for which the
dingaostic assay is used, Standards are wall known i the an and sre determned using well
known methods available inthe s Standards mav vary Bom apphication o apphcstion
depending npon the diagrostic method wiilized, Standerds may be developed from a single
patieat (ncluding the patizat 10 be dlagnosed andfor or treated} or from a popuelation of normad

patients andfor patients with a disease state or condition to be diggoosed or monitored.

The term “cosdministration” or “combination therapy™ 13 used to deseribe a diagnosis,
monttonng of therapy or treatment of 8 diserse state gadfor condition 1 which gt least two
active compounds {(one of which 15 a compownd according to the present invention) in
effective smounts are used 1o reat 3 disease state andfor condition otherwise described herain
at the same e Although the tenw copdiministvation preferably moludes the administration
of two active compounds 1o the patient at the same time, 1 15 nol necessary that the
compounds be administered o the patient at the same thme, although effective wnmats of the
wndividual compownds will be present i the patient at the same tine. Compounds acconding
o the prosent mvention may be administerad with one or move Mogctive agent whach are
usefied i the trestment of the dissase ste or condition for which g patient 1 being diagnosed

grdlior monttored for the effectiveness of therapy.

The terin “hicactive agent” & nsed fo desenbe an agent such ax @ sall mokonude, a

drug or other molecudar entity which provides a particolarly phasmacologioal oy thevapeutic

effect. The bicactive agent may be suv agent whinh treats cne or mom of the disease states
ardior conditions which may be dingnosed, mownitorsd andfor trested purspant 1o the preseny
tnvention inchuding atherasclerosis, especially atherosclerotic plague w tissues, especiatly
blood vessels, mcluding ofien arteries andéor arterioles and mchuding hesrt, aortic archy,
descending sorts aad carotids of 8 patient, atherothrombosis which may ocgur in those same
tissues, diseases of the brain such as cerchral vascular disease, corchnl ixchiomis, cerchrad
snfarct and meningits as well 8y preumonitis, penicardily, moultple solerosis, lupus

erythemyosus and pancrestiyis,

Preparation of compounds socording 1 the prosent suvention provesds usmy standard
synthetie chenvcal technigues which are readily avadable inthe art. Synthetic methods for

ohitatntng compounds related to the prosent fnvention may be found fa United States patont
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no. 881747, ssved Apnid 19, 20035, whach 1s incorporated by reference heretnr. These
micthods can serve as puides for ohianing componnds avcording o the prosent fvvention, In
peneral, the present compounds may be made by condensing a chelate compound 1o which s
bound a radionuchde onto an activated motety containing oither an electrophilic group ora
muclenphilic gronp of o Hoker groug which is chemically Hinked 1o the amine of the
dioxoimidazclidine group of the compownds according o the prasent mvention,
Alternatively, the chelate may be st reacted with one end of & difanctional chersical hoker
sl the pareacted motety of the linker group may thereatter be pacted with the
dioxoimidazoling group. Radiosotopes may be added {chelated) © the componnd st an early
o later stage i the chemical synthetic owsthoad. The chemical synthetic approaches fw

produding compounds according 1o the presemt mvention s well knowa in the art

As discussed above, triicarbony! complexes may be wsed to prepare the finad
dragnesticitherapeutic compound sccording o the prosent wvention. Prepatation ot the
convponnd can also be prepared using Techoetium (1) snd Rbhewdwen (D ivcarhony comploxes

such as those listed below using methods descnbed by HWL Pletzseh, A Gupta, M. Reisgys,

=

AL Drews, 8. Seifert, 8, Seifert, et al, [Chenvical and Biological Charactenization of
Technetiuml} and Rhsrziﬁx;m{i} Tricarbonyl Complexes with Dithicether Ligunds Rerving as
Linkers for Coupling the To{CO}: and Re{CO): Moieties to Biologically Active Muolecules,
Bioconjugare Chem 1101114424, 20001

Bromo(3, 6-dithizoctane-S, $ircsrhonyitheniuny 1}

[ Bromo{4, 7-dithda-T-octyne-8 S lncarbon yirhentum{d}]

{Bromof T-varboxy-3 S-dithiaheptane8 Rivicarbonyichemun B {OiHBrORS

{ Bromol L o-dicarbogy-2 Sodithuabexane-§ Siricarbonyirhenivnmd ] {GH BrO-Reds)
[-Carbogyiate-3 S-dithiaheptane-Q 8 Sivtcarbonylrhenton(3} {CoH O4ReS:}
{{1-Carbosylato-o-carboxy-2 S-dithighexane-(3 8 S Hricarbonyirhentumi D {THHRe8)
[ Broanod 1 S-dibivdroge-3 dadithiociane-S Mtricwrbonyirhentnmd T (0 H G BeQsReSs)

[ 8-Dibydroxy-3 6-dithizoctane-0.5 Siricarbonvirheniumi D nttvate {Coll (NORe8:)

[CBlored3 e-dithiaoctane-S8 .8 Rricarhonyhechustiam{ 1}
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[Chlove{d Todithne- Boctyne-8 Sincebonvhechnethund 1
[Chlore{1-carboxy-3 S-dithizheptane-3. 8 ricarbonvitechnettum{1}
[Chloro(d -Bicarbemy2 S-dithiahexane-8 S iricarhonyitechnetium{1
[ I-Carboxviato-d o-dithigheptane-Q,8 Siricarbonyliechnetium{l}

{1 -Carboxyiato-Seomboxy-2 Sdithiabexane-0, 8 S ncicarhonyvhiischostinmd 1]

The tricarbonyl complexes as desoribed above may be reacted with the
dinxoimidazomnd compound to form g chemucally lnked tricarbonyt complex which contains

the radioisaiops.

Attachment of metad radioisotopes o the compounds prepared above make the finad
diagoostivihergpeutic compounds, espocially Danbint compounds.  Amalogous preparations

vield compounds contaning other tadiotsotopes as othenwise disclosed hevein,

Linkers:

The lnkers we conprised of alkyl chainy of variow lengths and containing vaniog
side chains {optiosslly substituted) depending on the hydrophobicdhydrophibic properttes of
the finad product and the clinical peeds.  Linkers preforably contain 3, 'S or NH or other
functional group on the distal end of the molecule in order o attach a chelate to which may

be bound @ radioisotope. Stnple condensation or other reactions may be wsed o covalently

tink the linker to the chelate so that a radionuchide may be complesed accordingly,
Chelates;

Ave selected based on the metabradiotsatope 10 be tncormposated and the chinead

olyjectives {diagnosis andior monitoring)

Chelatey selecied ts such a8 those listed above and 1nclade Open-Cham

Folvanminocarhoxylatey; AZA Macroeyebes; Polyvaminocarboxyhbic Macrocyeles; and

Pobvammophosphonate Macrocyoles.

26
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Chelates for closion m the present apphication are selected based s the netael to b
mcorporated and the clinteal olyectives, Chelntes selooted for nse i the present lnvention
include those histed below. Representative chelates arg presented heramnabelow andare
otherwise disclosed andior described w Brochbisd, 0 Neoll Med Mol Dmaging, S22 pp.

166173 (June, 208, which I8 incorporated by reforence herein

Oren~Uhain Polvaminocarhoxvlstes:

edia ethvlenediaminetetrageetic aoid
dipa: dicthyvleneiriaminepeniaacetate
cawdipa

then-dipa

1 RaAM-dipa

tvs-dipa

CHX-A™ dipa

Yiavl dipa

Cile-dipa

AZA Macroovelics

eyvelen 147 10-ersazacyelodadecans

cyclamr 14,8, 1 Tetranzaoyelotetradecans

brithredsoyolam: LAA1 Dietmaszabiovelo] 6.0.2 hexadecane
gteovelam: L deethano-1A 8 Hvetmasacyciotetradecans
oylamdions: 3 S-dioxy-1 4,8 1 Hetraaracyvcloietradecans

diamsar 18-diaming-3.4,10,13,16, 1 9-hexaszabivvolo{.6, 6 icosang

Polvaminocauboxylic Macooyvelss

dotar 14,7 Hietraszacyclododecane- 147, 10-detraacetic acid

it 147, 10«etiranzaovciotidecane- 14,7 104etmaacetic acid

ot ethylenetoransios bridged-ovelane-2g 1481 I-oraarsbiovelo] 6.6 2ihexadecane- 18-
difmethancphosphonic actd}

doda Lo Tansfoarboymethel -1 4.7 104qetaszacvciododecane

dola 147, Herarzacyelododecane- 1 F-hastacetic acid)

C-DOTA

FA-DOTA

[
-}
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DODASA
Lys-DOTA
C-NQTA
MN-NOTA
NODIASA
HO-TETA
SC-TETA
BE-PEPA
BF-HEHA

TOMC {vonunins amudes rather than carboxviates on the chelating molety)

Palvaminophosphonate Macraovelss

dotp: 147 tetrasracveladodecane- 1 4,7 10-tetra{ methanepbosphonic acid)
dodp: 147 10tetrsaracvelododecane- 4 T-mi{methanephosphoie aad)

daZp: 1,47 10-etraaraeyclodadecane-1, T-digmethanephosphonic ackd}

In one snvhodinsent, the pressat Invention relstes o & diagnostic aspect of the
nvention which comprises administering 8 compound sccording o the present invention to s
pationt or sulyect o determing the existence of ¢ disease or condition where LFA-1 expression
13 elevated such a5 i g disease state or condition as otherwise desenbed hersin and through
suasuring the radicactive decay of the isotope throngh suy method known inthe an, as
discussed above, detormining the presence sadior state of the disvase andfor condition and the
state of the tiasue in the patient or subject.  The diagnostic method sccording to the present
vention may Beiliate therapy case disgnosis of cancer or other discase stte ur condiion,

sapecislly including the infections disease as otherwise desortbed herein is made,

In an additional aspect of the present wvention, the presert compounds and
gompositions may be wed 10 diagnose andior monttor the treatment of disease and conditions
which are wediged throogl g colludar response which 1 undestrable gnadior which shonld be
controlied or inbabited, especially wnchuling where LFAT expression i elevated. Suach
tnfections disease states or conditions wchude atheroscloross, athorothrorabosis, corebrgd

vasuular discase, corebral ischernia, corcbral infarct and meningitis as well as puenmonitis,

pericarditis, multiple sclerosis, hupus ervihematosus and pancreatitis, ete, as disclosed herein,



WO 2017/117199 PCT/US2016/068840

Witheast hemng lovated by way of theory, o 18 beheved that the present compomds also
may be wsed thergpeutically sither by vivtue of the inlubiory ar stimudaiory activity of the

compounds within the context of the therapy of the disease state or conditivn,

The present invention iy also directed o pharmacentical composttions comprising an
gffective amount of 8 compound accceding o the present mvention, including the
pharmacentically scceptable acid or base addition salts of componnds of the gresent
tvention, opticnally wm combination with 2 pharmacentically acceptable carrier, additive or
exeipient. These compounds may be used alone or in combination with other boaciive
agents which are used to treat disease states andfvonditions described herein, especially
atheroselerosis, atherothrombosis, cerebral vascalar digease, corebral tschenya, corehral
snfarct and meningits as well as prevmonitis, pericardis, mudtiple solerosds, lupus

grythemmatosus aud pancrastitis as described hevesn.

While not being Hmised by way of theory, it is believed that the compounds of the
present vention inhibi or otherwise modelate the ICAM-ILF A dependent homotrypic
aggragation of human lymphoovtes and human bvphooyvie adherence to I0AM-1 While net
being limited by way of theory, #t is believe that these compoands also have therapentic
utiity in the modulation of mmuns coll setivationdproliferation, e, 88 competitive
inhibitors or stinsulators thecause of the introduction of radistion) of intercelhdar
ligand/recepior binding regetions nvolving CAMy and Lenkolntogring.  Thus the activity

aned thesapentic setivity of componnds according o the prosent mvention 1 brosd-based.

Repardiesy of the mechansny, the compounds of the proseat tvvanstion may be usad o
disgnose, identifv, monitor andfor treat conditions or dissass states iy patients or sulyects
wiye suffer o those condivions or disease states o are at risk for disease states o8
conditioms from thess dizease statex mndfor conditions inchuling athevoselsroaig,
atherothrombosis, cerebrad vascular disease, cerebral schena, cerebral infarct and
reningiiis as well as pucwnomits, portcarditis, roudtiple sclerosig, upus ervthomptosos and

pancreatitis,

The smount of compound used in the present nvention i that amount effective within
the context of the administration. A suitable oral dosage for a compound according to the

present invention may vary over a wide vange, for example, within the range of showt

29
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G001 pg to up o 1 mgor more for dusgnostic applications, often sboat 0.8 gy to abow SO0
pi or about .1 pg o abowt 100 g, and shont 8001 o 1o 10g o mare por day, proferably
abont .01 myg © sbout 30 my per day, more often 8.1 to shous 10 my per day for therapentic
applications. In parenteral formulations, a suitable dosage vt may contain from about 0001
g to 250 mg or move of said compounds depending on applcation, which may e
administerad from one to four tines por day, whevess for topical admnstration, fornwlations
contaming 0.01 1o 1% active ingredient sre ofien weed fommudaied to provide a dose range 83
ghove. It should be wadarstood, however, that the dosage admintstoation from pattent to
patient will vary and the dosage for sny particular pattent will depend upon the chinician’s
fudgment, whe will use as ortteria R fixing a proper dosage the size and condition of the

patient sy woll as the paticat’s regponse o the drug

Whaes the compounds of the present inventicn ave to be administersd by the oral
reute, they may be administered as medicaments m the fonn of pharmacentical preparations
which contain then in association with a compatible pharmaceutical carvier, additive or
exviptent material. Such carrier matertal can be an eyt orgamic or norganic carrier matenal
surtable for oral administration, Examples of such carrier matenals are water, gelatin, fale,
starch, magnestum sfearate, gum arsbic, vegetable oils, pobvalikylene-glveols, petrolewm jelly

and the Hke

The pharmsceutical preparations can be propared in & sonventional mannge and
fnished dosage forms can be solid dosage forms, for example, 1ablots, dragees, capsules, and

=N

the like, or liquid dosage forms, for example solutions, suspensions; enmulsions and the Hke.

The pharmaceutival preparations may be subjected 1o conventional phannacsuticst
operations such as sterilization. Further, the pharmacsutioal preparations sy contam
conventional adprvmits such ag preservatives, stabilizers, snndeifiers, flavor-dmprovers,
wetting agents, budlers, salts for varying the osmotic pressure and the Hke. Sobid carnier
riaterial which con be osed tnchude, for example, stwveh, Taciose, manntol, mothyd colludose,
microcrystatiing cellulose, tale, sthicy, dibasie calctnm phosphate, snd lugh molecular weight

potymers {such gs polvethyleone glyool)

For parenteral nse, 2 compound scconding to the present invention can be

achiinistered i an squooUs W non-agece solution, suapension or emulsion i a
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pharmacsuttoally accepiable ol or & sixtiee of Bguads, which may contan bacteniostatie
agonts, antioxidants, preseevatives, buffers or other solutes 10 rendder the solution sotenic
with the blood, thickening agents, suspending agents or other pharmaceutically acceptable
additives. Additives of this type inclade, for example, tantrate, citvate and soetate buffers,
ethanol, propylene glyeol, polvethylene ghyeol, complex formers {such as BRTA},
antioxidants {such as sodbum bisulfiie, sodium mstabizulfits, and axcorbye acid), high
molecslar weight polvmers {sach as Hgeid pobeathylene oxides) for viscosity regalation and
polyethviene derfvatives of sorbiio] snbydndes. Proservatives may alse be added of
necessary, such as benzoie acid, methyl v propyd pamsben, benzsthomium chloride and ather

UATEMATY NNV Conpends.

The componnds of this invention may also be administered as solutions for nasal
application and may contain 1o addittion to the compounds of this nvention suitable buffers,
tomeity adjusters, microbial preservatives, anttoxidants and viscosity-noreasing agents 1 an
aqueous vehicle. Examples of agents used 10 ncrease viscosity ave polyvinyl alcohal,
cellulose dertvatives, palyvinylpyrrolidone, polysorbates or gi-}mm‘m Preservatives added
may wclude benzatkontum chioride, chlore-butane! or pheaylethyl aleohol, among namerons

others:

Addittonally, the compounds provided by the invontion can be adminisiered by
suppository. In cortaln instances, the compounds scconding 1o the prosem invention may be
formulated in combination with other bloaotive agents which are gsed to teat the disvase
states andior conditions such s atherosclerasis, atherothrombosis, cerebral vasonlar disease,
corghral ischenua, corshral infrot andhmeningitts as well a8 prewnonitls, pericarditiy,
multiple selesosts, lupus ervthomatosus and pancraatitis i order to facilitate the monttoring

of therapy associated with thess disease states andior comlitions.

Examples

Examplos snd related Bgnves evidenciog methods associsted with the present

tnvention sad efficaey of the clanmed mvention arve prosented herein

Example 1

L%
s
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This first example i presented {o show evidence of the use of the present ivvention in
diagnostug e mflamematory process associated with atherosclerosis. In particulsr, in i
example, " In-DANBIRT is used as an in vive SPECT/CT im&gi ng tool for the Expression

of LEA-T in the inflammatory process of atheroms development.

The objective of this experiment was © assess inflanawtory leukoovite presencs and
accumulation in vascular atherosclerotic plague vsing ' I-DANBIRT a3 a non-invasive

disgnostic imagiag ool

Methods: & week Apol K mics were fd either normal or high fat chow (w=8 per
wronp) for 8 weeks 1 indoce vascudar athevosclerotic lesions, SPECTACT imaging was
performed 3-hrs post injection of ~700aCT of " In-DANRIRT at baseling, 4 weeks and §
weeks. Whaole body Autoradiography was performed 24-hrs post igjection after S-week thne
point. hmage provesaing and analysix was performed by region of interest {ROH}
deternvination i relationship to voxel and volume, uptake gquantification was normalized to
mscle aptake. Blood partition assays were conducted to asceviain specific binding

COMponEnts.

Results: avtosadiography and SPECTAOT analvsis characterized M In-DANBIRT
distribution in cardiovasondar tissues heart, sortie sechy, descending sorta, caronids) A
fongitudivnal ncrease i uptake was evidenced when comparing high fat diet to normal diet
mice along owr ditferent fime points, Incressed uptake was evidenced in the themus, which
would be consistent with increased imomune response 1o vasenlar infury, Whole blood
isolagon correlnted these findmgs showing inoreased speaitie uptake by neutrophuls inour
prone-exposed group. Figure LA shows the results of MVE induced cardiopalmonary
inflammation o both laog snd cardise tssue, Figure 18 shows the pnd diastelc/systolic

vahwnves decrsassd by MVE.

Conclusion: this tnitia] study shosead that ApoE KO mice on Western diol axbibyy
inereased cardiovascular and franune tssue yptake of U In-DANBIRT compared to mice on
g novmal diet Further studios 10 assess vascubyr logton development in the disease model
using bochemival markers and histology are 1o be unddertsken. These fndings support nttial

development toward 2 more sdvanced vasoular dissase mode! that will validete Vs

")
3
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DANBIRT as o duagnoatic too! for assssament of inflammation i cardiovascudar nyury

«

models.
Example 2

The aim of this example & to vatidate "M In-DANBIRT as & non-invasive diagnostic
ool nsing SPECT/CT maging for inflammation assessment i valherable atherosclerotic
plague in 3 murine model,
Method for Example 2
» SPECT/CT images were oltained from & different coborts ever 3 identiead

imaging thne points {(t weeks {baseline}, ¢ woeks and 8 weeksh

o & week old ApoE KO €57 black male mice
o We fovused on 3 specific areas in our SPECT /UT Imaging analysis Heart,

aortie arch and descending aorts; normalized to muscle.

1 Cohort =gt

e - High Fa
High Fat High Fat

Normal | High Fa N - Dhet + o
_ . Dreg+ DPret + o Totsl
Dhet Diet Matin &

Statin GWHISIe ‘
GWHHAG

SPECTCT
and bio 4 4 4 4 4 20

distribution

Serum

analysis

o Animals were imaged for ~75 minutes Shrs post tail veln injection of
~TO0uGE{~25.3 Mbgl of BHa-DARRIRT

o Atorvastatin was administered in the drinking water and PPAR-Dslta
agondst {GWIH16] was Incorporated iinte food pollets by diet
manufactining company.

o Organand serum collection for bie distribution and Hpid levels and sub

particles slze anadysis was performed after fast imaging thne point

St
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2% Cohort nel

Novmal Dt High Fa Diey Total

S " and

Autorsdiography

¢ Hweek old Apoll RO C57 black male

o SPECT tmaghng 3hrs and S4hrs post tall vein injection of ~700ul] {~25.3
Mbq) of H-DANBIRY

o Autoradiography was performed 24hrs Plol 3 n-DANBIRT after the last
imaging time poiat

We focused on 3 areas for our reglon of interest analysis: Sortic arch,

&

carotids and thymus; normalized to muscle.

+  Whaole bloed incubation with S Ga-DANBIRT and subsequent neutrophil and
PEMU isolation were performed from rat blood from anfmals exposed to filtered
air and ozone,

o 2 groups: Filterad sl {n=3} and ozone {n=3}

» Whale blood was collected 24hrs post exposure

£y

o Whole Blood Separation was perforased alter incabation with 8Ga-
DANBIRT, obtaining 4 samples: serum, red blood cells, neutrophiis and
pevipheral blood mononuclested cells. Statning was performed for

specific morphology interprefation and smear cell Hne purity assessment.

Hesults
Crgan bio distribution assav showed significant uptaks in the liver, serums, sorta and
in different blood components (Figares 2-7), Radivipbeling was suocessful having 8 spegific

~

activity of 2 86mCFamole that shows high incorporation vield 0-98% ) of 'V i DANBIRT

After the inital bio distribution resulixy the inventor dectded o follow up o the
findings and Hlusivate W an 1o vitre assay the wWeal specific binding o lenkooyte
subpopulations {neutrophils and PEMUS) under @ mode] that has shown an adequate avute
snmnune response or whole blood isolation methods (Figuve 83 This translated 1o an inorease

i uptake in exone-exposed newtrophils, no significant results v oy PBMU sample. See

figure 8,

L%
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Zates Autordiopnphy (Figwee 9, Figure 11 sndd 3he SPECTCT (Figure 10} analvsis
correlated the findings and gave g clear idea towards the adinisotope distribtion in
cardtovascular tissue Cheart, aortie arch, carotids) The results also showed inorcased optake
in the thymuy, which would be consistent with increased impnme response o vascular infony

with a good anstontical correlation.

Bxenssion

Findings m SPECTAOUT imaging and sutoradiography corvelate to bio distribation
resulls having sigoificant upteke tn the tonnus, bearnt, carotids, aortic arch and descending
aorta, and also o serum and red blond cells with expected inorsase v uptake specifically
neutrophils {target populstive sfler ozone exposurs, becauss of invnediae soute mmune

responsel,

Invive imaging model alloveed to hypothestze that af thiy specific drag comcentration
there are high levels of g specibic bibing or saturation of tunding sites 10 a point of complets
oceupancy thad allows for free unbound compound in ciradating Mood voleme and in other
target organs and compartments; but knowing that our target has a very restricted sxpression

to lstkooytes

At different drug concentrations speniiic binding ® our target tissues {plagque
leukacytes) is evidenced. Treatment groups did not show expected resplts in bio dstribnution
assay, therebyw impeding correlation of sut-lipidic sud mflanmatory effects. These groups

were not incheded i our SFECTOT analysis,

Conclusions

Serumn Hpd snalvsis and weekly growtlomnalvsis sllowed s 0 conclude that the high
fat diet worked by exponentially increasing cholesterol levels tn exposad groups especially i
LBL and VLDL lovels and small sub particle levels whuch have boen proven 10 increase

atherosclerotic lesion development and discase evolutiva 1 Apel KO modads.

L%
PP
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SPECTAOT maging showed o fonginshinal fncrease i aptake comparmg high fat
chow animals 1o nonmal chow antmals along cur different tme points, being validated by
Autoradiography analysis, Apel KO animals baing fod 8 Western diet show increased dssue

uptake compared to animals that are Apel KO mice but were fed 8 normal diet,

Thiz example was o pilot study for implementation of this novel technology in
different disease models, Further stadies showld assess vasonlar lesion charadienzation,
plague development snd vascular remaedeling in the discase model. But owr next experiments
(histology and whole blood concentration experinenis) should confirm and will help validaie
T DANBIRT as a diagnostic tool for inflammation assessment in cardiovascular infury

wodels.
Example 3

Marerials and Methods

Aninuds

Male Apo-E™ mice on 2 CS7BLE backgroond {Tacowie Laboratories, Indianapolis,
INY aged 6 weeks were housed two per cage and allowed © scclimate over the conrse of ang
week after delivery, Mice were fod oither g normal chow diet or HFD (Harlan-Tekdad,
TSI LSk of cholesteral and 43% keal from fag) fir 8 weeks; food and water were
provicded ad hibitwn, Food was changed every 3 days and stored 81 -20°C and thawed before
adminiatration o the mice. For isolated blond distribution studies, male Sprague Dwley rais
{Taconic Leboratories, Indiangpolis, IN) aged 6-8 weeks were allewad 1 week of seclimation
following delivery, Raty were housed two per cage and given food and water ad lilitum. Both
rats and mice were mpintained on g 12h Hghtdark sohednde in AAALAC-approved facilities,
and suthanized via cardiae exsanguination whils under desp anesthesia with Isofhwwans
{Piramidal Healthogre, NDC 66794003255 The UNM Institutional Ao Cave and Use
Compntiee {(IACUD approved alf procedures performed. Animal experivaental desgn 3

surmnarized in Figure 13, Table 1.

Serum Hpid levels and sub particle analysis
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Mice were cutheonzed after 8 wasks of normal or HEDY, whols blood was collected by
diroct cardiac punciure wsing 2 M-psupe needle conted with 100 of Heparin {Sagens,
WHOEIZTN). Blood was centvifnged for 15 minutes ot 1000g 2t 47°C, serum was solated from
other blood components and transfiored to mndividual Eppendort tubes with no added
antivoagulant and frozen &t -20°C. Nerumn was analyvzed for total cholesternl and trighyeeride

fevel, as wall a8 size dependent sule-particle quantification {Skyhight biotech, Lipossarch).
Radiolabeling of DOTA-Alkylamine-NorBIRT (BANBIRT) with io and ®Ga

DANBIRT was radiolabeled using either ¥Ga or 7o with 2 determined specific
activity of 525mCiph and 2 concentration of Tpg Tpll Indvan chdoride was obtained from
Cieneral Electric Radiopharmaceutival Department {GE Healtheare, INS. TPA) and ¥Ga was
eluted from an Eckert and Ziegler Y Ger™Ga generator using 0.01M HCL The pH was
assessed for acdic concentration of radionuchide solution using a BAKER-pHIX color-fixed
mdrcator stick (1.7, Baker, 4394-01} as well as activity and volume. The volume of stock
solution necessary for desired labeling sctivily is caloudated, buffer is added to the solution
before adding DANBIRT. Amount of DANBIRT nesded for every 4nCi of ' in or %Ga for
radiolabeting was determined to be Spg of DANBIRT (MW, 8863 Gimole). The reaction
vial i buffered using 8 pH range of 4.8 - 4.5 with addition of drad ammoniwm seetate (1T
Baker, 0599-08) for o and a pH of 4.5 for ®Ga. The reaction vial was heated in g hot
block ap 100°C for 35 minues, vortexing svery 10 minutes. Quality assurance was performed
with Tnstant thin layer chromatography (ITLCY and High Pressure Liguid Chronsatography

{HPLO) following methods by Porla et al {241

L%
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In Viire Stability of Radiolabelod DANBIRT

Biologicals, 8111507 and 0.9% saline soluticon was performed ta vitso stability analysis,
Triphicate samples were drawn from radiolsbeled stock and kept incobated at 3770 until i
of anabvsis, ITLC was performed onve at each time point and HPLE asseasment was
performed iy triplicates &t baseling, §, 10, 36, 60, 120 and 24 minnies of incebation. The
mean ncorporation vield and radicchemical purlty were calonlated from sample resulis,
Following methods by Ponia et al {24] methods were modified for ase in 8 Ultra-Performance
Liguid Chromatography {UPLO) using an Acguity UPLC BEH CA1& 1. Tpm column

{2 1xS0nun {Waters Corpomtion, 18600233301 UPLL gradient with flow rate is desertbed n

Fiuwwe 14, Table 2.
Hiodisiribation of §“ Yo} In-DANBIRT

Upon conapletion of § weeks on normal or HFD, mice were enthamzed 3 b post-
injection of 700uCi of [ in] In-DANBIRT via tail vein; organs were harvested for weight
asseasment and [ o] In-DANBIRT uptake nsing an Antomatic Wizard 2 Gamma counter
{Perkin Elmer), Organs collected were: tail, whole blood, aorta (frons sortic srch o thovaeke
aortaj, carotids {from aortie sech to Mfurcation), heart, Beer, muuscle and adipose tssue,
Whole blood was collected with direct cardine punctire of right ventricls wsing 2 24-pauge
needle of ght veniricle with 8 heparintzed svringe sud contrifuged for 15 minutes at 1000g
a0, Nerum, eryihrooyies (RBC) and levkooyies {WBC) contsining isolated samples wars
collected and messured for [V in] ln-DANBIRT uptake using a ponwma counter. Uptake was
decay-corrected and peroent-inpected sotivity per gram (HdA gr) was determined for each

MOnSE.
Ozone Exposure and Blood Component Distribution

Rats were exposed o either filered siv (FAY or oxonse {10 ppmd for 4 hones using an
OREC sifent are discharge vzone genseator {OQunonies, Phowsux, AZY daone concentrabions
were continuonsty monitored over the course of 4 hours, Exposures took place in s chanbyy
witheut bedding to mininize ezone sorabbing smd to ensure consistent nass! exposures.

Whole blood was collected 24 hous post-exposwe. Histopagee two-step gradient (Sigma

{M‘W
o
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Aldrich, 10771} noutrophil ssolation protocel was perforned following manefactwrer’s
mothods; modified protoca! was inchuded for PRMUC olation. Hetastarch at 3% (B, Braun,
LES T was added 1o whole blood before running isolation pratocols. Cell samples ware
washed and suspended in 196 Gelatin i PBS at ¢ pH of 7.2, Final volumes of nentrophil and
PBRMU samples were increased to Tl Final samples were identified as serumy, RBC,
neutrophils and PBMUS and meubated for 1 hour with {§3‘§(§'a3;§ Ga-DANBIRT {specific activity
of 625mCypM}. Sample smears were performed and stated with Wrighi-Giemsa horizontal
staining protocol acconding 1o muneiroturer mstractions {Sigms Aldrich, SLBN4TQIV), Cell
morphology, differentials and sample punty were assessed sing a light unoroscope st 40x

olective {Olvmpus BXS1)
Radivisotopic Dilution Methods

Radintsotopic dilution methods were perfovmed with Iog-fold serial dilutions at

concentrations of 11, 110, 11100 and 11000 rdiclabeled DANBIRT. Rar whols blood was

L3

collected and incebated for 10 naimutes with IV in] I-DANBIRY. Leukoeyie isolation was
performed for neutrophil and PRMC separations postvincubation with radiclabeled
DANBIRT {specific actvity 6253mU8 MY, Ovtospin 2 (Shandon 259000002 ) with dooble-
funnel and white Rlter {Stmport, P30R31126) was wsed or clustered cell differentishs
wdentificanion methods, Cytospio samples were spread tn Saperfrost Plus shdes (VWR,
S83 11703 and Gxed with $% methanel, Wonght-Glemnsa hortzonsal staining protocol was
performed according to mannBuoturer’s packags msent insteuctons (Sigme Aldrich,
SLENA70V) Usll morphology, differentials and sample puniny were assessed using a Hght

mucroscope &t $0x objective (Olvaspus BXS1L
3 0] I-DANBIRY SPECTOT imaging amd analysis

Antmals were paged @ 0, 4 and Sawveeks following 700007 vig tail veut injection of
(0] -DANBIRT. Imaging was performed nsiug 45 minute scquisitions on g
NanoSPECT/CTE dedicated small-animal imagiog system (Biosean, Ine. Wastungton, DO)
with specific topogram sad SPECT pwrameters {(Figwee 16, Table 3) while asimals were tn
deep anesthesia with isofluorane (Piramsidal Hegltheare, NDC 60704093251 Regtons of
Itevests (RO were determined and drown using the best gquality bnage phantom from

reconstructed CT (Table 3) to dederniine muscle, adipose, heart, sortic arch and descending
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aorta organs wing VivoChet 2.00 GavaCRO, Boston, MAY The RO were extrapolated from
phastom soan tosge omto every wngee and sdiusted according o spectlic morphologic
parsmeters, Concentration and surm per volume sormahizad to muscle was determined fo
sdentfy securate meastroments and elominge RO signal iterference fom sdjacent tssues.

Aptivity was decay corrscted and compared befween and among distary groups.

24-hour [*Vin] In-DANBIRT 3D sutoradiography and image snalysis

Mice were suthanized by €Oy method after 8 weeks of dictary assessment. Afler
removal of Himba, ears, fail and whiskers cwroasaes were individually frozen in 8 hexaneddry
ce bath and embedded vertically in s mold by adding sn agueous solution of 3%
carboxymethyicethulose sodivey salt (MO (U078, Sigma, St Louis Mo} in & hexans/dry
ice bath. Block was stered at least 12 bours of -20°C priot to removal from mokd aud
IMOUWHRG On A spechnen stage i the oryvomasrotene {Latoa UMISHE X Leica Brosystems,
Nussloch, Germaay} Muliiple 1&-inch holes weare drilled in the OMC block adjacent to the
carcasses and filled with & solution of black India tuk and PO (1pCifmb) 1o provide

regtstration marks to allow hokmg the whate hapht Mook tmages with the satoradiography
tmages. The cavcasses were cut in Mipm sections in the vertical plane, starting from below
the ear location. Prior 1o cutting each section, a digital photo was taken (Canen EOS 70D
Focal Length of 35mm, Mebville, NY) of the block surface. Every 10 shoes, a section was
rranstorred to 2.8 min Label Guard Protection Tape {Scotch 3M 821, DeKallk, L and
dehydmted in the covomscrotome for a nummuin of 34 hours, After g ol of 33 sections,
anioradiography was taken and accompanied by approximately 600 white Hght photos.
Cryvosections ware removed and mounted on black cardboard along with a set of calibration
standards preparad frony the radiolsbeled DANBIRT, serially ditutad in 1% OMC, and
sectioned from a separate block. Debvdrated sections ware coverad with L4 win botope
Imaging Film (FlushTee, Hemet, UAY and plaved on Fujifils Imaging Plates (BASAIP SR
2025, GE Healtheare, Piscataway, NI and exposed for 34 hours w a lead chamber {(Ravtest,
Straubenhardt, Gormany) with 11047 fead shegting betwesn each soroon casseite, Soreens
were nnaged on a Phosphorous buager Typhoon FLA 7000 (GE Healthoare, Piscataway, NiL
Awtoradiography and white Light fles were compiled snd anabyzed wing VivoQuat 2.00
{nviCRQY, Boston, MAY Datermined RO were drawn using the best qualify image phantom

from reconstructed O {Figure 14, Table 3) for the thyvmus, muscle, carotids and aotiic srch,
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The RO were extrapolated from phantom scan into every mage and adpested sccording to

speoific morphalogic persmcters,

Histologic analysis

ApoE™ mouse hearts were collected, perfised and snap frozen in Yiguid nittogen and
stoved at -30°C. The upper thivd of the heart with the aortic owtlow fract ware mounted in
optimal cutting tompersture {OCT) compound for sectioning, Cryosectioning was parformed
on QCT heart blocks vsing a Leica OM 30308 Cryvostat a -20°C for collection of 10um
sectiony from the subaortic leatlet region, For O Red O staming {Sigma-Alddnich, D0823,
SLBPSI4BVY, slides were Ieff gt room tempersture for 10 ndmates snd incubated with (i
Red O workmyg sclution and comterstained with Maver's hemaasyvhin (Mgma-Aldrich,
SLBPGIEY) Hllowing manufvcturer's staiiing protoced. Suvtace lesion srea and anenal
vegsel circumference were quantified usmg Clympus celiSens Mandard 113 o caloulste
percentage of atheroma lesion area by arterial wall ciroumierence. Guality contied assessmeant

was performed to compare intenaity of O Red O staiving between groups.

Inanunohistechemistry

The OCT embedded frozen sections {10y were fixed in mcthano! for 10 minntes a1
S20%C. Afer washing in PBS, the sections were incubated with Suorescein isathiocyvanate
(FITC) conjogated st anti mowss U5 s (SouthemnBiotech S1555.02) sitbody (13580 for 2
howrs in a nenidifier chamber. Sections were counterstained with DAPE {11000 dilution),
tnaged at 10x and 63x asing 8 Fluorescence Microscope (Zass AxioOhserver-Hamamatsu
Flashd 0 sOMOS Monochrome Camera), image reconstruction was performad under FITC
(490 Ex 325Em) chaanel, Image processing was performad using Ghympas celiSens
Standard 113,

Statistical Methads

Al statistics were compated ssing tvo-tatled Student’s ttests, or ous-way and 2-way
factorial ANQVA. Tukey's post-hoco tost amd Sidak's correetion test were used for mulsiple
comparisons. Resulting pevalues <005 were considered sipmificant. The resalts from 3D

mgoradiography tesults ware compared as o mean difference in quantitative uptake reflected
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s A g normlieed to muscle of diolabeled DANBIRT becase of limitations in
compatibility of e sliosctive standards W this pilot stady. GraphPad Prism 6.0 software

for avac {GraphPad Software, Inc.) was used for all statistical analyses

Resufts
Radiolabaling sud in vitre characterization of | 'n] In-DANBIRT

DANBIRT was efficiently labeled for experiments nsing o and ©

Ga, schieving high i
vigre stability, Assessment reflected >89% meorporation viekd by ITLE and »¥¥%
radiochemical purity by HPLO analysis, Triphoate serial samples of nndiolaheled DANBIRT
incubated with fetal bovine serum (FBS} and 0. %% saline solution showsd >93% mean
racdiochenical purity using UPLC wethod and >97%% mean tncorporstion vield using ITLO

method. Stability of [ n] -DANBIRT was maintained throughout 4 hours of incubation

{Figure 16},
Fx vive biodistribution of {''In} In-DANBIRT post tail vein injection

From hiadistribuion analysis of ' n] - DANBIRT, Hver samples showsd high
uptake when compared to other tissues regardless of dietary treatment. Liver tnspection after
dissection revealed @ pale white color with fibrous consistency sl HFD fed mice bt nat
evident in normal diet fod mice, suggestive of steatosis, Serum samples alse showed & high
uptake comparad o other blood components, stmilar only of those levels from Bver samples

Cardiovasonisr tissues Theart, aortg, cavotids) reflectod higher uptake i antnals that were fed

a HED (p=.03).

Similar findings were found m RBC and WBC samples with increased uptabe in HFD
fed mice compared © nomal dist fod mice (P05} (Flgare 171 Distribution of ' ind In-
DANBIRT showsd an increase in %lA g of tasue in antmals that were fed a HFD in
gomparisan o animals fed a normgd fed dist (008}

\e

Meiabolic effects in Apal™ mouse model affer 8 weeks of HFD

Biological axds! was guided by mice Apolipoproten B deficiency placed on a HFD,
resulting in an increased percent wet ghi gamn per week compared to animals in 2 normal diet

{p=(L03) {Figurs 18). Serum lipid levels and subpartichs analysis showed that total cholestorod
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levels were higher in HFD fed nvice, and higher fovels of total nglyeerides in normal diet fed
e VEDL-Cholesterel snd HDL-Cholestorol were also statbstically different botween

distary gronps {003} (Figure 19} Thess resulis confinm the dietary effects in this madel,
Histologic and immunolisiochomical analvsis of aortic atherosclerosis develapment

Histologic analysis reflected an accumuiation of inHanymatory Hssue in the subaoriic
leatler rogion of ApoE ™ mive. Histologic analysis of QUT frozen cryosections showed g
higher percentage of stherosclerotic leston arer m relationstup o vessel wall area i HFD fad
mice comparsd o noroad chow fed mice {(pBO3 Y which were correlated by (B Red O
staining for hpidaccomulation. O red O stawning quality control and sssessment also
reflected hgher intensity of tssue staming avea i HFD fod mice compared to normal fed
mice {Figure 20}
Imnunohistochemistry was perfonmned using anti-CEH la {LFA~1) antibody to idennfy

qualitative atherosclerotic istraplague CDH Hay leukoovies (Figura 21

LEA-L-specific targeting and competitive lewkooyte binding with radielabeled
DANBIRT

Leukooyie isolation methods successfully dentifiod purity of samples, with
prodominance of nmature nentrophils (~88% ) and FBMUs (~33%%) in ozone-exposed rats
{osed 1o mduce a coculating noutrophilia, as previously desonbed[ 3511 with no other relevant
morphichogic cell changes. Data shiowed an increased npvake of {“\{}a‘ Ua-DANBIRT
peutrophuly (=0 008 (Fhanre 223 wath a devreased uptake o PBMUs post-tzong exposurs.
Log-fold dilution concentrations of ' in] Io-DANBIRT identified a competition for LFA
receptor binding i target leukeoyies. Incramenting radiolabeled DANBIRY concentration
resulted in competitive binding, identifving a saturation of binding sies in neutrophily
starting at a 110 log-fold serial ditution concentration of [ in] n-DANBIRT (Figure 23). A
pattern of 3% deoreased intal uptake after each log Rld dilution concentration was
evidenced o serum, RBC and PBMOC samples. PBMCs gt ditforent dilution concentrations
did not evidence ety ssturation lovels or reflected 8 tendeney when comparad (o sewirophil

sampe {pe0.03),

Longitudinal molecular imaging of cardiovascular LFAC presence with ' 1a] In-
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BANBIRY

The 3w [V in] In-DANBIRT SPECTUT tmaging showed a longitudinal incressed
uptake in heart, aostie arch and descending aorta RO concentation quantification in the 4th
and Sth week Sme points in HFD fod svice (Flgwre 24). The 24hr [ o] n-DANBIRT 3D
antoradiography allowsd a functional and more advanced snstomical assessment of the
presence of inflammatory LEA-T in e and cardiovascular tissues, an essential finding
to characterize the biologival madel, Mice fod extubited an inorvense 1w caronids and thymas's
congentration per volume normalized 1o muscle in HFD fd nvice comparadd to nonmal diet

fed mice (Figure 234

DISCUSSION
The praposs of this study was to determine the value of V] In-DANBIR T as &
non-lpvastve i vive inaging ool for LFA-T expression i keukoovies in the inflammatory

pracess of atheroma development by lenpitudinal SPECTCT molecnlar imaging. Resules

showed that we were able to tavget the ncreased LFA-T expression in neutrophils under an
acute systenmue inunune gy model (e, ozone exposure), used snalogously to sarly
inflanmstory developmental stage of vascular atherosclerotic lestons, Longitadinglby-
mersgsed uptake i cardiovascnlar tissues, shown by SPECTCT, illustrates the tmanslationsd
component and valoe in 8 chronie modell B wive assessment of stheroscleratio plague
vulnorsbiliny 18 8 clear nead I crdiovascular research. Biotechnological approaches
desipnad to idemify, assess, sndd potentislly ehimingte fatal repercossions of atheroma
development conld have great benetits fo patienta{26]. Longitudingl 2 vivw imaging of
phague mflanunatony Processss 15 a vary pronusing concept o advance understanding and
racuce cardiovascular velated mmpiim&ix;ms {271

The selective expression of LFA-T in lenkooyies aad DANBIRT s small size vontribute to g
theoretically ideal imaging probe of mflammatory sctivity inside of the plague. LFA-
FICAM-1 comples 18 important in almost every vascular disease because of s wole in
fopkooyte reorptiment and rpnonigrsion 281 Thoel gottvation gnad mupmtion 0 sies of
inflamumation is guided predonunantly by LEASCTACAM- 1 interaction and Signal-2{2%),
making the allosterie inhibitos of LEA-1 an effective way 1o target intraplaque
mflamamation{ 241 Recent papers address the functionality and sensitivity of LEA-L,
understanding that modulation of this inteprin will taspact immane progression of

dizease] 301 Athervacheoaiy development is dependent on the severity of the e
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response at sites of vascular injury, along with the ablvy to vesolve such nflammation 3L
Inflammastory components such gs leukooyios have major roles o plague valnerghiliuy and
wnstabitity, inpacting barrier integrity, releasing pepticdases that facilitate remodeling, and
penerating pro-inflanunatory chemokines. Local and systonio Mumune responss appears o
guide cardiovascular tissue uptake {321, while Hostrating the potential for snhanwing
SPECTCT misrprotative resulis in @ niors sensitive and specific syateny

Numeroas 2 vive imaging strategies are being assessed for effective diagnosis of
atherosclerotic piaqae vulnerability, Many other studios have characterizes the unigae plagee
characteristics, such as calonum presence and marphology, withowt fully addressing the role
of nentrophil sccunnilation in the piaque. Work performed with DANBIRT and the detection
of vascular LEA-L lovels stands as an atterpt to complemat other imaging approaches,
Nevel approaches utilizing enhanced hvbiid imaging systems that target metabolic actvity
instde of the plague to gssess glucose uptake o such tissues may further add 1o 2 battery of
plague charactenstics that can be move precisely linked 1o adverss pathological outeomes
{331, Understanding the role of neutrophils in plague valnersbility is tmportany] 1 71 becauss

of the corrslation between plagque inatability and the presence of neatroplui-derived acuie

e responss markers.,
Front results we know that radiotsotopre dilution methods helpad us achieven

goncontration it which the ohserve competitive bindimg] 34} ilnstonted roceptor satuwation in
nentrophils, Saturation i these sanples correlates Yo Hndings in the biadistribation and post-
pzone exposure data, confirming the role of [T In] In-DANBIRT for radinlabeling
neptrophils &t a proves specific activity and concentration. The incressed vohums from serom
and RBOC samples did not reflect nouspentfic binding in these oxperimeants, bot did explam
the concept of setaration of LFA-1 binding sies in nentrophils. Another important
chavacteristic of V' n (Indium chioride, chemics! prosentation provided by GE Healthesre) is
that it has high nptake i the frver and longs becmize of hinding interaction with tranaferrin
and lactoterrin 35} tlustrating iutigd biodistribution lugh uptake levels i the ver, These

¥ Ga {short-tved PET

stugies effootively demvonstrated radiolabeling of DANRBIRT wsing
racdioisotope) and M (Jonger-Hved SPECT radivisotops) demonstrating high stability
throtghout 4 hoors of incubation o FBS and 0.9% NaCl Through 1o vitro stability studies
and eifective labeling methods 1t s possible to safely administer [ Ind I DANBIRT

mvavenousty as a stable radioligand probe.
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The biodistribution of [ in] heDANBIRT showed & high uptake in the liver, serum
and RBCs, which identifind an tssue with the binding poetontial was postulated as nowspeoific
aptake due to the mass effect of the radinligand specific activity, Adipose tissae and nwsole
were identified as potential low uptake tissuss. Tissues surrounding the vessel laming
adventitia have beey vecently identifiad as sties of accumudation of inflammatory cells i
ApoR™ mice on 8 normal dief 361 This effect was not clearty identified in the studies due to
the hmils of spatial resolution of the SPECT maging system. However, adipose Ussue wag
idenitied as lacking significantly differem optake compared to the tissue designated as
backgronnd {muscle). These biodistnbution results 1o hypothestze three speeific stepanios: no
hinding, aspeuific binding or free, unlgbeled drug. Jo wire stability sindies showed thatat 4
hours post incubation in FBS and 0.9% NaCl, the radivlabeled DANBIRT was stabile,
slominating the possibility of free unlabeled drughizand post adusnstration. By blood
component isedation and post-orone envivonmental expeosure, the target calls were visnalized
i a proven animal model correlating with local and sysiensic acute snmune responss

reflected parallel results from an innate inwnune response in the targeted cells{37]

Moleoular imaging shows & longiadmaty-imoreased uptake wn cardivvascolar fissuss
i mice fod g HFD, which correlates o atherosclerotie development becaae of the presence
of shear stress areas In princips! anerial vessels{ 381, Functional and morphologieal
assessment of [ o] In-DANBIRT gmuides the teanstationa! conponent of probe
development,

The Hmitations of these studies included reduced statistics! powsr of the snimal
sample, although this was lessensd due to the longitndinal collection of repeated measwres
data by SPECTACT. Many mouse medels use an Apel” model of stherosclerosis
developnsent beeause of the meaultant hypercholesteralemia and spontaneous presentation of
plague stasting af 3 months of age{11]. The HFD incrsases the amount of plagues by 14
weeks of age[39]. Although defickncy of the LDL recepior will also caase high levels of
lipids and some spontanecus diet-dependent plagues, the extent aad slow progression of Ldly
deficiency makes the .s%pﬁ??i"’i‘ minde! o desrreable chotee, The ase o the wilid type control
strain (OSTBL/G) was not considersd as these mice fail to develop any observable vascular
pathology. In atranslatable spproach, humsans with heveditary hyperbipidemia bave
associated mutaticns of Ldle andior Apok, which has bese shows 0 morease the

susceptibality o developing atheresclerosis{40]. Human stherosclerntic plagues resemble the

A pﬁlﬁfﬁ"“’ mouse muodel bot, the Ldir deficient mouse model develop a clossr resemblanve
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the hiprdenne pansd w homans{41]

From these results, the development of early stage stheroma Is includes scute
inflanmmatory componeats. Histologie and tnsmunahistochenuca! sasbvsts supponts the
findings by characterizing the early development of the atherosckrotic model. The nereased
areas of atherosclerotic lestons and Hpid acounvulation cosvespond 1o results found i the
HED-fod animals. {7 In] t-DANBIRT is a promising radioligand for identification of the
presence of LFA-T 1o circulating leakooyies. Accwmulation of trumune oells n
atherosclerotic plagoe lesions medistes disease progression and vulnershility, Vascular
atherosclerotic lesions i arsas prone 1o atheroma development can be chavacterized by
rachioligand uptake. Thus, these findings suppont Rewre jovestigation of a move advanced

vascular disease model that will validate IV Inl In-DANBIRT a5 a dingnostic tool for

g

assessment of nflammation i cardiovascular inyaey models.

Conclusions

Characterization of the biologie model identified the ey stage development of
atherosclerotic plague m cardiovascular tissues with an acute inflammatory component, The
mgttadinatly morease m{ ] I-DANBIRT npiake tn cardiovascular tissnes in mice fed a
HED was consistent with histopathologieallv-observed sdvancoment of aortic lesions.
Neptrophil and PRMUO solation mwthods demonsirated selective and competitive LF:
antigen receptor binsding in leukoovies. Radicsotopie dilusion and receptor-binding assavs
pvidenee a mass offect in newtrophils with radiolabeled DANBIRT at a specific getivity of
<‘<¢f§‘2‘5m{.‘.§:‘;§§v{ These correlative results demonstrate competitive and specific LFA-] antigen

receptor binding o targeted bukocytes.

This study validates the potential of [V in] -DANBIRT o competitively hind
lenkacytes, especially neutraphils, while tlusivating the presence in cardivvascular and
mnane tssaes wWdentified g systenne inflamumatory response following exposare © inhaled

a3

owone, Recont pubhications corroborate BIRTITT g5 4 potenpial dvag for clindeal applications
in higherisk popalations{ 21, 241, Further studies are needed 1o detemune the value ofthas
radiohigand probe as an in vho pon-irvasive imaging ool i an eobavced chronice vascalar

mjtry nuxde! exhibiting predominance of adaptive nmmunity components.
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Cladms:

L A method of disgnosing the existence of 2 JCAM-UVLEAC] medinted disease or
condition i tissue of & pationt comprising administenng 1 seid patient au offvotive ot

of at teast one compound according fo the chemical struciure:

rrrrrrrr :;;")

%, .
,/'/"

£

farrororn,

)
b3

rnassnn,

N

Where ¥ i3 a chenneal Buker which Bk the nitrogen to a chelate group or tricarhony}
complex X, wherein X incorporates or comploxes with g radioisolope, or

a pharmaceutically acceptable salt thergof]

measuring the antount of said corapound which bnuds to satd tesee v sald pationy
and compariig the messwament obtained to saud mossunng stop with 8 standard from
aninfected tissue or nfocted tssue, whersin satd measurement oliained fron: said patient is
pompared to said standard(s) and sabd comparison is determined 1o be indicative of the
gxistence or the absence of a dissase or conition in said Bssug,

wherein said disease state or condition 18 atherosclerosis, the butldup of
atherosclerotic plague andior atherothrombosis, cerebral vascolar dissase, cerebral tsehemia,
erebral pfarct and meningitis g5 well 88 proumonitis, pericanditis, muktiphe sclerosis, lupis

eryiheniatosuy of pancreaiits,

2. The method sccovding o olam D wherstn X osporates 8 z‘&di&i&sm'sgzs:% selegted
from the m'm};} consisting of Y, n e a8 BL CGa, PGa, Y0 My,
Az, Tas, A TAs Bzn, T8 VO en 20ph, ek, Ul P Y, PRe,
e, e and mixtures thereod,

=%

3. The method acoovding to clapn 1 or 2 wherein Y 15 an optionally substituted O

Cio hydrovarbyl group.

4. The method according o clavm Tor 2 wherein Y s a ((CH 4 groep;

e
e
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swhere nois Hom Lo §;

13 0 NR NRPFUHOH-0- 2 ket (U0 growp, a S{0O7e groap, & phosphonste gronp ora
phosphate gronp;

Rois B oora C-Cs sl group;

w s froan Do d) and

X is a chelate group in which a radioisetope is incorporated or complexed.

S The wethod according 1o claim 4 wherein Y s 8 {UH . NH- growp, whes nis
from 2 w0 4, preforably 4 and X is g chelate group.

6. The method sceording o any of cladms 1-5 wherein said chelate group 18 an apen-
chamn polyvammocarhonvlate, an AZA macroeyele, a polvammocarhoxvhic macrocyeles ara

polvamtnophosphonate nacrocyele.

7. The method according to any of claims 10 wherein said chelare group 15 an opens
chain polvaminocarboxvlate, an AZA macrovvele, a pobvaminocarbox e mavrooyeles ora

polyamnophosphonae macrocyele,

8. The method acconding to any of claims 17 wherein said chelate group is

14,7 10-teivaazpovciododecane-1 8,7, 10-tetrancetic aad (DOTAY

X P i b o ¥ : . &3 o 3 e IR SURREAES S ‘\:z:‘: 5
4. The micthod gecording to any of claims 1.8 wherein said radioisotope 18 77BY,

B UUPh, Y e, YA T 0, TG, TG TY, Y oy T

10, The merhod according te any of elaims 1-9 wherein said radioismops i 79BL

Ga, TGz or Pin,

11, The method according to any of claims 1-18 shereln said radivisotope s 7V 8BY,
e e Ml
PGa Y Gaor Hin

12, The method according 1o any of clatm -1 wherein said radiotsotope s “Gaor

i

e
$ad
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13, The method according to claim 1 or 2 wherein said conponnd i3 representad by

the chomival stradture:

Tl

™

Y

m ‘;-“? . 2R

. . N Sty Q0 & 3
WhareRissa .zfmizmsa:@t@g& sefected from the w s‘mp consisting t«f My By Win M, A,
REL R T, N0, Toe, P0a, Pea Ton T TPas, Tas, Tas, Bn, e T, By

B ]

L By et Py N iy Sy R g RN Kipy p R e S x
e, Fph, e, P, e, Pim, TUTL P Re, Re, e and miiures thereof, or

& s

a pharmacentically scceptable salf thersofl

‘ : . iy
14, The method according o olatm 13 wherein Ri i Wipg gy ey g ae

“Ga, YGa, “0a YUY, o P or g pharmaceutically acoeptabile salt thereof)

15, The method sccording to olamm 1, 2 or 14 wherein said compeund i3

Lo
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16 The muthod according to claym 13 wherem Rins s T ML %0 Y0a

13

ar i or ¢ pharmaceuticalty secoptable salt thereof

17, The method according to any of cladns 116 wherein said disease or condiion is
atherosclerosis, athevothrombosis, cersbeal vascular disease, corebal ischensia, cergbral
mifarct and msningis as wall g8 proumositly, pericarditis, oudtiple sclerosis, fupus

Erviiomatosus Of PanCreatiis,

The method according o anv of tlaims 1416 wherein sadd disease of vondition i

cersbral vasconlar diseass, verebral ischemia, cevebral infarct or sssingitiy,

The methed according o aoy of claims 110 wheran sadd disease oy condition 35

ouiiple sclerosis or lupus ervibenatosus.

20, The method according to clabm 17 whersin said stherosclerosis s diapnosed by

determing the extent of atheroselerotic plague ¥a vascudar tissue.

21, The method according to claim 20 wherein sald vascalar Hssue is a blood vessel,
inclading an artery or srtetiole 1o the hean, aortic arch, descending sonta, carotids, femoral,
profinda foroons, renal, hypogastric, s (conunon, enior and exterior), pophiteal fossg,

perones!, antertar tbisl antery, postorior dhial artery, antenor dorsalis pedis, shdominal sonta,

sin,

celigo sriery, gastric ariery, hepatio antery, splonic aneey, subclavian anery, ssillary artery,

@

brachial mrtery, radial sriery, ulnar sriery, thoracic aovta, superior mesenteric artery of inferior

mesentenie anery of 8 patient,

22, A method of monitoring the trestment of & HUAMSULFACL medisted disesse v
condition in tissue of @ patient comprining aduinistering to said patient undergoing a course
of treatment for said disease or condition an effective amonst of &t least one compownd

acoording to the chemucal structure
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Whers Y ix g chemical Baker which hinks the nitrogen o a chelste gronp or tarhonyd
complex X, wherein X incorporates or complexes with a radioisofops, or

a phavmacentically acveptable salt thereot]

measuring the anwunt of said compound which binds to said tissue m said patient at two
differaat thmes or more dusing treatnent; and comparing the measuremads obiained m said
measuring step ab said different thnes with & standard from nornsal tissue andior tissue
mmpacted by said disease siate andior condition, wherein said measurements obtaned from
sstd patient are compared 1o said standard(s) and opticnally, to sach other, such that said
comparison s indicative of the progress or absence of progress it the treatment of satd
disease or condition wheretn said disesse or condition 13 atherosclerosis, the extent andfor
buildup of atherosclerotic plagque, atherothrombosts, cerebral vasoular disease, corehral
ischemis, cercbral nfavct, meningitls, poewnomits, pericsrditis, nuultiple scleross, Tupus

ervihomatoss OF panoTeatits.

23, The method sccording to clam 22 wharsin X itm{}m@mt&s 8 r&ﬁ&'»fﬁsmg}pﬁ selected

. S N . o s BT S B 3 g .n. &b 23 SR & LT A B8
from the group congisting of By, i g, P ac, PR U8 OB NG, VG, M0a,
Sdes, B3, el a3 ; g Wy B Wige Whne WUdpy, gy, 18

Hea Y0u, T as Bas, MAs, Tas, Tn, T8, YUY P20 ph, ph, PPk Mo, FPm
Wby Wi Wy, W

M1y ¥Re, “Rm MRy mnd mixtures thereof)

24, The method according to claim 22 or 23 wherein Y s an optionally substitated

C-Chs hydrocarbyd group.

25, The method according to Claun 22 or 33 wherein Y i3 a <{UH )2~ group;

wherenis from 1 o &

L O NR, NRMTHATH0- & keto (O=00) group, a S{O) group, a phasphonate
grogp or 3 phosphate grong;

R s Hoor a OOy stk group;

L&
.3
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w s rom $Ho 4 and
X is g chelate groap i which g radintsotope 18 incorporated or complexed,

26, The method according o clavm 25§ whersin Y ix 8 ({OHNH- group, where o is

e

froms 2 1o 4, preferably 4 and Xois & chelate group.
27 The method sccording o any of claims 22-26 whereis said chelate grong is an
open-chain polvaminocarboxylate, an AZA macrecyvele, 8 polvaminocarboxylic macrecyeles

or a polyaminoephosphonate macrooyels.

2R The method avcording 1o any of claims 32-27 whereln said chelate group is an
opan-chatn polvemmocarboxyiate, an AZA macrooyele or g polvaminocarbaxylic

macroyele,

29 The method according 1o any of clatms 23-28 whereln said chelate group is

14,7 0-tetransayvoelodudecane~1 4.7, 10-etrancetic acid {(DOTAL

3y The mwthod &{:»:m*di‘:w o any of claims 32-28 wherein sand radioisotope s SRy
ey Mo PP 3 G, SRS
BT, L M A, NGa, Y0a, NGa L YL or e or & pharmaceutically acceptable

salt thesent

31, The method gecording to any of elabms 22-30 whsseln said radioisotope is

Uiy W, ST
PRt Yoa, YGaor

1

In or 2 pharmscsutically acceptable salt thersof

oy aeq

32, The method sccording to any of olaims 23-30 wherein sad ralivisotope 1 7784,

“Ga or Mn or a pharmacentically acceptable salt thereof)

33, The method according to any of claim 22-30 wherein said radioisotope 8 in,

Ga, U Gaor v pharmaceatically acceptable salt thereof,

34 The method according 1o sy of clatons 32 or 23 wheren spid compound is

e
o
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4 N\ CH; - N Cl
N N P
N X
o H__/ \_/ “com | 0
2 Br Va

or

Cl

c>_\ﬂ j_ kll\/\/\N_l//o [

Where Ri is a radioisotope selected from the group consisting of Y, °Y, !!'In,
. . . Sz 76
]77Lu, 225 Ac, 209 i 212 i 213B1, 66Ga, 67Ga, 68Ga’ 64Cu’ 67Cu’ 71 As, 72 As, 76 As, 7 As, 6 7n, ™Br,
*V, ®v, ¥z1, b, *°Pb, 2Pb, “Ho, ¥Pm. 2'T1, 13Re, % Re, “™Tc and mixtures

thereof.

35. The method according to claim 34 wherein Ri is 22p; 213g; 212 Pb, "Ly, % SAc,

%Ga, Ga, ¥Ga , %Y,y or ""Inora pharmaceutically acceptable salt thereof.

36. The method according to claim 34 wherein Ri is "’Bi, 7L, ®Ga, “Ga or 'In

or a pharmaceutically acceptable salt thereof,

37. The method according to claim 34 wherein Ri is >°Bi, "L, 2071 8Ga, Ga or

"Mmora pharmaceutically acceptable salt thereof.

38. The method according to claim 22 or 23 wherein said compound is

RECTIFIED SHEET (RULE 91)
59
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33 The mothod according o aoy of clsivs 3338 wherein sard disease or condition s

atheroselerosts, atherothrombon, cerebral vascalar disease, cerebral ischomia, corebeal

mfaret, moningits, poonmontiis, poricarditis, mudiiple sclerosis, lupus enythematosus or

panoreatitis,

$ The method according 1 aony of claims 2238 wherain sard disease or comditton is

cerebral vascular dizense, corebral ischemia, coretual infaret or meningitis,

41, The method according o any of claims 22-38 wherein said disease or condition s

nndtiple sclevosis or lupes evvthenniosus,

42, The method according to clatm 3 wherein satd atherosclernsie s diagnosed by

deternimy the extent of atherosclerotic plague w vascudar tssus,

The method avcording to clatn 42 wherein said vascular tissue 18 a Blood vessel

44, The method according to clatm 43 whersn said blood vessel is an atlery o
arteriole of the heart, aortic arch, descending aorta, carotids, Rmoral, profmda femerts, renal,

hvpogastrie, tiae {commaon, ntevior and exterior), poplitead fossa, peroneal, anterior tihial

ol
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pricry, posterior tthaal avtery, wtenor dorsals pedis, sbdominal aovia, celine avtery, gastric
artery, hepatic artory, splonic artery, subclavian artery, axillavy anery, braclual artery, radial
artery, ulnar artery, tharacic ROTER, supenior mesenteric artery or nferior mesenteric artery of

& patient,

45, A method of treating s ICAM-TLFAC] mediated dissass or condition ia tissas of
& patient whevein said disease or condition 13 atherosclerosis, the sautent andfor batldup of
stherosclerotis plague, stherothronsbosis, corebral vasoudar disease, corcbral sschomia,
cerebral nfarct, meningitis, preumonitis, pencarditis, multiple sclerosis, lupas erythematosus
or pancreatitis comprising administering tosaid patient an effective amount of at least one

compownd according to the chemueal structare:

3 £
® —
T, L !
At o N
\\»\& S
\1
v Ry
3 bR
2 3 o )
Ml N NGt
= \,\ - S
: N
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o 3
N 5§
&

rrrrrnrid

Where Y 15 8 chamcs! hnker wluch hnks the nitvogen 10 a ohelate group or tricarbonyd
compplex X, wherein X incorporates or complexes with 8 radivisatopes, o

a phanmaceutically scceptable salt thereof.

40, The method socording o olatm 45 wherein X ieorporates & radiosotope seleoted
from the group consisting of "%, v, We, e, M ae BB TR M Ga, Mie, YGe,
Bee, Fon, A Tas, s, Tas Bzn, e T By M en en, e, Mo, e,

Mitvpy 18y IRGpy,. tmp - , o
TL " Re, Re, e and mixtures thereof .

A7, The method according 1o clamn 45 or 46 swherein Y is an optionally substituted

Uy hvdrovarbyd growp.

48 The method secording 1o claim 45 or 46 whersin ¥ iy a UM - grou

where nis fram L 106
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STOUR O a phﬁ}&;}i}&t@ S,
Rs Hora Cp-Cs alkyl group;
w s from @10 4 and

X iy a chelate group in which a radivisotope is eorporaisd or complexed.

A3, The method sccording to olaim 48 sehevein Y 15 & -{UHLNH- group, where sis

from 2 w4, proforably 4 and X is s chelate group,

30. The nwthod aocording 1 any of clainm 4549 wheretn sasid chelate group s an

oper-chain polvaminocarboyylate, an AZA macrooydle, a polvammocarbowyliv macrocycles

or a polvaminophosphonate swcracyele.

31, The method sccording to any of claims 45-30 whersin said chelate group v a
open-chain polvaminocarboxylate, an AZA macrecvele or a polvaminocarboxyvlic

macraeyele,

32, The method sccovding 1o any of claims 45-531 whersto sand chalate grovp

14,7, 10-eivmazacvelododecane-1.4,7, 1 O retraacetic seid {(DOTAL

53, The method sccording te any of claims 45-52 whersin said radinisotope is 7 Bi,
33y 3 TR o S UE
PRE TP, e A, M0a, Ve, B0 YL Y, or P in or a pharnsacentically acceptable

saht thereof

TR s “ ¥ P | 2 iRy
34, The method gecording to any of clatms 45-533 wheretn sind radisisotope is 7By,

01, ¥Ga, Y02 or P or 8 pharmaceutically sccepiable salt thereof.

S5, The method according to any of claims 45-34 wherein said radivisotope is i,

PGa or Minors pharomcentivatly acceptable sali thereaf

36, The method according io any of claton 45334 wherenn said radivisotope 5 7',

®Ga, “Ga or & pharmscsutically acoeptable salt thereof

The method according to any of chams 45 or 46 whesein smid compound iy
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1

O

- . v N T o BBk Wye 11
Where Ri is a radicisotope selected from the group consisting of ™Y, %y, Wia,
7 X% AWpys g Jipys B BT GE B & T T34 T T i ey Ty
P M A MBL TR B M0, V0w, BGa, M0u Y0, Tas Tas, Cas, Ay e, B,
gy Ny e IM EEE 2 80y, 83y Fepg ¥y 180y W¥we L oo¥ vl
VOV S E, PR, PR, CUPh, TTHe, TP UTL T Re, Re. e and mixtures

thereof

sy

38, The wethod according 1o olaum 57 wherem R 7B VR Ph Ve, T A

v, Wev, Gigen,  Mae Mg v s o .
BGa, Y0, MGa Y Ty or M nera pharmacentically acceptable salt thereofl

A%, The method sccording to clanm 57 or 58 wherein Ri g B Y, M0, YGaor
n or a pharmacentically scceptable salt therenf,
&0, The method according to clatm 37 wherein Ri i i, 7

M or a pharmacentically acveptable salt thereed

61, The method according fo claim 45 or 48 whersin said compound 18
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62, The method secording to any of claios 4501 wheestn sand disease or condition ¥
atherosclerosis, atherothrombosis, cerebral vasculay disease, cerebral ischemia, verebial
farct, meningiis, prewmoniily, pericarditiy, multiple sclerosiy, lupus ervitbematosas of

pancreatitis,

The method according to any of clains 4562 wherein sard disease or condition 18

gerebral vascular disease, corebrgd isohenua, covebral infiret or mentngitis,

. The method gecording o any of clatms 4562 wherein said disesse or condition s

mudtiple sclerosis or hupus ervthematoses,

68, The method according o olaim 48 or 82 wherein seid atherosclerosss i treated by

reducing andfor shrinking the extent of atheroackerotic plague i vascalar tssug.

66, The nrethod gecording 1o o 85 wherein saad vasculay issue 13a Blood vessel,

The method according to olaim 66 wheretn said blood vessel 15 an gty or

artericle of the heart, aortic arch, descending sorta, carotids, femoral, profmda femords, renal,

&
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hypogaste, thae (oo, mteror wxd exierior), poplitesl foasa, poronsal, anterior tilisl
artery, posteror tbial antery, smentor dorsalix podis, abdominal aorts, celise sriery, gasinie
artery, hepatic artery, splenic antery, subclavian artery, sxillary avtery, brachial artery, radial
artery, ulnar arery, Horacic Ao, SUPCIOr mesenieric artery of inferior mesenienic artery of

& patient.
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FIGURE 1B
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FIGUREY
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FIGURE 95
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FIGURE 184 and 188
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FIGURE 18C
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FIGURE 13

Table 1 [ in] in-DANBIRT animal study design
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FIGURE 14

TABLE 2 UPLO METHOD GRABIENT WITH FLOW RATE

Time {min) % Solvent B Flow {mlfmin}

10 8.00 50.0 £.800
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FIGURE 15

Table 3. SPECTOT tmaging parametery

s
G
3
S
o8s
f“"‘

b

¥

Tease surrent fual 133 Energy whidow the

& ¢

3
!

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/068840

WO 2017/117199

19/28

LY i

Autges oA U LMIEINYO pRiBgRiopey

91 BHNDL

s

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/068840

WO 2017/117199

= e N

W % L2 3 o TR, A
£ B unies o bhes
mo
=3
m W &v FTTETTETTTTETTTS g
m mm,t 8 B | ‘m g MB»:F&W@ WQE 3
= E B¢, siosnpy aBpyyy, w0y
m W W_ugg o} pezheuLou ww,wm:EwE ﬁmum_mgem.

1By, 1A 1Bpy1% ayhooney



WO 2017/117199 PCT/US2016/068840
21/28

FIGURE 18

Percentage weight gain per week from baseline weight of ApoE™ mice after 8
weeks of distary assessment
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FIGURE 20

Histologic analysis of OCT frozen subaortic leaflet atherosclerotic lesions
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FIGURE 21

immunohistochemistry of OCT frozen subaortic leaflet atherosclerotic lesions
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FIGURE 22
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FIGURE 23

Radiclabeled DANBIRT competitive binding assays
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