65-04 SGL METHODS AND DEVI CES FOR DI AGNOCSI S OF

APPENDI Cl TI S CROSS- REFERENCE TO RELATED APPLI CATI ONS

[ 0001] This application clainms priority to U S.

provi sional application Serial No. 60/590,631 filed
July 23, 2004. BACKGROUND OF THE | NVENTI ON [ 0002]
Appendicitis is a common acute surgical problem
affecting human beings of a w de age range. There ;a§&¢1
approxi mately 700,000 cases annually in the Uni ted
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daunting clinical task that physi ci ans face daily.

Wi | e nedi cal BACKeRGURBSORMTIGEIRVENTIONNder st andi ng
of appendicitis and its treatnent, it is very limted

inits ability to accurately recognize or diagnose the
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appendi x, especi al early stages of the
di sease when treatnment is likely to be nost effective.
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very limited in its ability to accurately recognize or diagnose the disease.

[0004]  Complicating the goal of an accurate and early diagnosis is the
considerable overlap of genuine appendicitis with other clinical conditions.
There appears to be no individual sign, symptom, test, or procedure capable
of providing a reliable indication of appendicitis. Imaging technology is
inadeguate in identifying and characterizing the appendix, especially in the
early stages of the disease when treatment is likely to be most effective.
Imaging technology is further handicapped by its expense and its
dependence upon the availability of highly trained and experienced people to
interpret the studies. This limitation affects thousands of people every year

by inaccurately diagnosing their problem or by delaying the accurate
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i nportant factor |eading to worsening of the condition
and nore conplications related to the disease. The
m sdi agnhosi s of appendicitis can lead not only to
unnecessary surgery but also to delay of proper
therapy for the actual underlying condition. [0005] A
dilenma for surgeons is howto mnimze the negative
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direproistic itest iea is cafbisle dppesyHixngUeosarliest Stagps enitged,
whi ch can all ow i nvasion of intral unenal bacteria. In
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occur wiwth spillage of pus into the peritoneal
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bacteria. In advanced cases, perforation of the appendix may also occur with

spillage of pus into the peritoneal cavity.

[0067]  Currently, the diagnosis of appendicitis is difficult, and the difficuity
persists during various stages in the progression of the condition. The
following represents a hypothetical portrayal of stages and associated
clinical presentations. Artisans of ordinary skill will recognize that a

considerable degree of variation will occur in a given patient population.

[0008] At the earliest stages of inflammation, a patient can present with a

variety of non-specific signs and symptoms. Upon obstruction, presentation

2



progress toward increased |unenal pressure and

di stension can be associated wth presentation
involving the localization of pain to the right |ower
quadrant of the abdonmen, nausea, vomting, diarrhea,
and | ow grade fever. If perforation occurs, a patient
can present with severe pain and high fever. At this
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The rate of m sdiagnosis of appendicitis is about
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which have been suggested for patients presenting with equivocal signs of
appendicitis. Flum et al. concluded as follows: “Contrary to expectation, the
frequency of misdiagnosis leading to unnecessary appendectomy has not
changed with the introduction of computed tomography, ultrasonography,
and laparoscopy, nor has the frequency of perforation decreased. These
data suggest that on a population level, diagnosis of appendicitis has not
improved with the avaitability of advanced diagnostic testing.” The rate of
misdiagnosis of appendicitis is about 9 percent in men and about 23.2

percent in women (Neary, W., 2001).

[0011]  Myeloid-related Protein Complex 8/14 (MRP-8/14) is a
heterodimeric complex associated with acute inflammatory conditions (for
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review see Striz and Trebi chavsky, 2004). The conpl ex
bel ongs to the S100 superfam |y of proteins and is
also referred to S100A8/9, L1, macrophage inhibitory
related protein and cal protectin. The heterodi ner
consists of an 8 Kkilodalton (VMRP-8) and 14 kil odal ton
(MRP-14) subunit, MRP-8 and MRP-14 are alternatively

3 I 100A9/ ca ulin b
PR UL AT MG T PRERH GBI SISO e s100
qupegfanalyl of pd@t@mvme@ dl$o rateGEQ RO 3YOBASNEUNT ARfRYdShage
gh concentrati ons_of MRP-8/ 14 are found

'ﬂlﬁlgﬁg'is&?ﬁinagw PETtEINANhERIREPStIN: dhgi hateivdimeneansditagf an 8
: ' £l t
VRS Y2 b4 i O] P20 SBT3 25 11081

Ak alte@G00elyBumkédh Sd00AB/calgran@iDand S[100A2][calrendilrly, i s
ostic of ipflanmtion. For e

I R E R tf’@”i%lér%‘?'@soé'ﬁé{@”Wfscolvefed in
rﬁé‘cfrbﬁﬁ@@ésorf\)’eﬁr' opBlid bQHJéssﬁ%@W%onc&at%%qg P- 8/14 are

rg? ocytes Ot genera ontal n
é\cmnarll@tw)f :rw‘/tamatmmlcommobmdycludnnauhenmatoad arthrms

ﬁ?a%ﬁ?f S kaeRbfltrss Bbiapolly rﬁgﬁqlﬂﬂasfs?%?eh%é% 600
Llnmﬁ@d@oayetleaobgtBmhartﬁlettraoﬁb Al'so, this protein is

not al ways associated wit opport uni stic infections
Fr ql and 1994). [0013] Haptoglobin is
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(Dobryszycka, 1997). Hapt ogl ob| n has been shown to be
[00d3pgultédpdglabih it @lte phhee proreethaebipas e emoglobin
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v A ptofitBi P e fiBieandIaRniiftaRd of two alpha and two beta
subunits. The alpha and beta units are derived from a single polypeptide
chain precursor that is enzymatically cleaved to produce the subunits. The

molecular weights of the subunits are approximately 9 kd-18 kd and 38 kd

for alpha and beta, respectively.

[0014]  In addition to being a hemoglobin scavenger, haptoglobin has a
wide range of biological functions (Dobryszycka, 1997). Haptoglobin has
been shown to be upregulated and modulate the immune response in
certain infection and inflammatory conditions perhaps by regulating
monocyte function (Arredouani et al., 2005). The alpha subunit has been
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4 denonstrated to be a potentially useful serum marker
for ovarian cancer (Ye et al., 2003). [0015] The
ability to accurately di agnose appendicitis woul d be
greatly augnmented by the identification of nolecules
differentially associated wwth appendicitis. SUWMARY
OF THE I NVENTI ON [0016] This invention provides a
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cvfal apPEFli citis in said patient and identifying the

presence of at |east one nolecule differentially
ed with appendicitis in a fluid or tissue
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presence_of the nolecule occurs, that is diagnostic

nefalep peniéives and few falee ngpativas. di agnostic | evel of such
a nolecule is also referred to herein

{0017]  The term “differentially associated” with respect to a molecule
“differentially associated with appendicitis” refers: (1) to a molecule present
in a patient with appendicitis and not present in a patient not having
appendicitis; (2) to a molecule whose relative level {(amount) is distinguishing
between appendicitis and non-appendicitis; (3) to a molecule present, or
present at a level, in conjunction with the presence of other symptoms of
appendicitis, that is diagnostic of appendicitis; and/or (4) to a molecule
present, or present at a level, in conjunction with the fack of symptoms
associated with conditions other than appendicitis in which the presence of

the molecule occurs, that is diagnostic of appendicitis.
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as the "threshold amount” or "threshold level,"” The
nol ecul es differentially associated with appendicitis
are preferably protein antigens. [0019] C assi cal
synptons of appendicitis include: pain in the abdonen;
pain that starts near the navel, then noves to the

| ower right quadrant of the abdonen; anorexia (Iloss
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cSHdifidH. RppBUBRLHIAGNEHR I@Oelwrfen”f‘ﬂle%‘ﬁeﬁ?has an interfering
condition are levels higher than those present in patients who have the
interfering condition but do not have appendicitis. Interfering conditions
include recent allograft; septicemia; meningitis; pneumonia; tuberculosis;
rheumatoid arthritis; gastrointestinal cancer; inflammatory bowel disease;

skin cancer, periodontitis, preeclampsia, and AIDS.

[0021] A sample can be a fluid or tissue, and can contain whole blood,
plasma, serum, milk, urine, saliva and/or cells. Fecal samples may also be

used. Preferably tissue and fecal samples are liquefied before testing.



differentially associated with appendicitis are tested
for. ldentification of additional nolecules provides
greater accuracy to the nmethod. [0023] One nol ecul e
differentially associated with appendicitis is MRP-

8/ 14. Another is haptoglobin. Both these nol ecul es can
be tested for in diagnosing appendicitis [ 0024]
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mfiammation associated antigens; and nucleic acids coding for any of the
foregoing, including nucleic acids coding for MRP-8/14 and haptoglobin.

Methods for testing for the presence of nucleic acids are known to the art.

[0026] The methods of this invention involving obtaining a first sample
from a patient suspected of having appendicitis can also comprise identifying
at least one molecule differentially associated with appendicitis by a process
including obtaining a second fluid or tissue sample from a second patient,
wherein the second patient has appendicitis; obtaining a third fluid or tissue
sample from a third patient wherein the third patient has a non-appendicitis
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anal yzing the second and third sanples so as to detect
a nolecule differentially associated with the
appendicitis in the second patient, and then
identifying the presence of that nolecule, or presence
of an increased level of that nolecule, in the first
sanpl e, thereby diagnosing appendicitis. Candidate
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m{/ention gol%var?g%qentl%cgtlon of the molecule in tissue, it is also identified
in plasma. This requires that samples of blood be taken from patients
suspected of having appendicitis. The amount of the molecule differentially
associated with appendicitis in patients who have appendicitis compared

with those who do not is also determined.

[0028] To summarize, the invention provides a method for discovering a
molecule differentially identified with appendicitis, comprising testing a first
fluid sample, which can be a blood, serum or plasma sample from a first

patient, wherein the first patient has appendicitis; and testing a second fluid
8



8 sanple of the sanme type of fluid froma second
patient, wherein the second patient has a

non- appendicitis condition characterized by at | east
one synptom of appendicitis; wherein said first and
second sanples are analyzed so as to discover a

nol ecul e differentially associated with appendicitis.
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mftiepahae atronbisperdcitin dengudmghasittg ey Hyodt Isasneet ed
sf endi CItIS wherein the fluid sanple is not a urine

PR OTRARSRIGHI % ng'ferr%'ﬁ]S@&i fist agr sgroes samplas ¥e gf
SRS ERURLSR MBI BisRIhafhatnt ol

appen ICItIS
qnmemdmtsst a hdenemmﬁmnaaismbemphee rmb@smg tha ﬂuini&safrhplectnd a

tRETE SRl oM Bt S % Pudey ORbaBERE il Hieuinde PG he
sfu|rgér9 SR RStdd é’;gpé?ﬁ‘ﬁéiﬁ*@tvﬁwéﬁ@% tﬁbq’IJ@Faﬁg 's not a urine

appendicitis, denti'fying such no e as bel ng
S@mﬁf%rctaiemunmg fa@@mtmleglcw ereminppendf tig lissuetdeen oy

b A et S AR,
fr@meadn phtiérst t@fde&émﬁne RMRBkcqR Jﬁr@@enﬂ iRchedgidusdMgiet §9in
devi ces, cartrldge test devices and dipstick

petigpts M@h@%@ppaﬁ@w@lﬁ tBatiuas rebpiesedl odeasraTEREMpPtthe
I ESERSCin e W@Qﬁg%& rp'ﬁ% Sﬁfél v@hg'd J ff?otefﬁ\)rc]egéd\%gpécriths,

assocl ate
abtiadentifying tsheh mnddéaﬂs asEEidn@dﬁméﬁ;atlprﬂtetaete‘mmh ion

PCR a t her . assays known to the art. In
apgged 'S el dscaar e R equls aiteseptially agsqpipted with
appOeNEigi tis that are present in patients wthout

appendicitis, but upregulated in patients with
assays that test for the relative anmount

{Qip 93 Egl fﬁé@tmﬁ fior diagmosing qrmar@rmtis plthissingentidnseares
|
g ety B S ee Bidih E0e Ty Aol BEL S Bt

de\mevs dmd/of sthemiricans dor detbahiniey tensratsned oﬁé@ébnce ofa

nﬁé&e ul%s as. described herein. Other assays known to
g gitie Y R§SEEPSAWh aPRSRYFIEI © Hs REjToraéd western

bI%ié@, @g@ﬁehhﬁlo%’,rﬁhéﬂ%%, SHRLIRRRLPERk B R YL Shn&an
assays known to the art. In testing molecules differentially associated with
appendicitis that are present in patients without appendicitis, but upregulated
in patients with appendicitis, assays that test for the relative amount of the
molecule present in patient fluids or tissues as well as the mere presence of
the molecule are required. Cartridge immunoassays can be designed to
provide information on relative amounts of such molecules as described
herein. Other assays known to the art including ELISAs and hospital assay
devices such as the Synchron LX system of Beckman Coulter can be used

to provide the amount of such molecules present in the patient, which can



- LR

to provide the amount of such nol ecul es present in the
patient, which can 9 then be conpared with anmounts
present in patients wthout appendicitis to determ ne
whet her or not the patient has appendicitis. [0030]
The nethods for di agnosing appendicitis can include
perform ng an inmmunol ogi cal assay using a nonocl ona

Ben R AR e v P eraR i TRYSHN Pt sBPERULAL Y
datenmng avidtiteradrtnaiithe patiost repngipirertitty means known to
the art wi thout wundue experinentation. [0031] This

BBYEL | RBe Frf ol fandieions Appacdne éa%f@@%ﬁ 5'@&5@535
ﬁrﬂﬁbﬁ‘éf@&lcw ddba Wg'ﬁéﬁqﬁ%ﬁrﬁ oft 86?@}%‘%1 éﬁ@

conpri ses first nonocl ona onal antlb
retpleculﬁmff@rentlafel aﬁﬁoe:(ahe@ with amq&pdldtrsf Suchlamtibodiss are

nDnocI or cl onal tlbod means

e g S bk a5 KREa el B art without
udalbke@¥rimiehiatione sanpl e, and an indicator capable of
detecting binding of the first nonocl onal or

%&écl onal antibody with the nolecule. [0032]
[ ct i hySHnvRNtig aisr»o PHYIGaH 3 bayupEssaHeshik e fas

t
LB e BfeschloB Uradnb ey B HBRMA P RS © ©
appkediaitie ima stamﬁliaeﬂamtiéﬂod)coafprisbfe acfnaprhwegoclbﬁﬁ&ar]
PABeERATH SRR oo PR S RRINPTLGS S ar
mdHcldl ofBYIVEBNS ﬁé‘ntﬂJo%? RRaPRbr égntéctmogtn tge"’f’mr;ﬁjﬂoﬁé‘&onal

contain instfuctions use, I nstructi
ot papalongbantidfodyesith theesarple, and Ianrlmloattos Cebabibe)fsfatm:ting

bﬁ@z@eﬁﬁgs fg{} nglél%c @ﬁ?elnog'pg 3}4!(?3 l??mitﬁ%e mo ggulle
non- appendicitis patients, and ot her reagents known
[06082] he Betectidd bmenrtg/@fetaeca‘ntsasa;awltdené Me@ﬁl@ cakrnesdé o

bit Be art ang describ m)g S.
PABIY gAY oﬂwm!@%@m @s‘@a[s@@mq 'WG%@ﬂH%&Y which
bﬂ'd@gﬁ@ X t#@%Pﬁtﬂh@aﬁwt%ﬁg&m&?&n%@ aring the

l eve ecule 1nt sanmpl e h a background
| evel of the sane

[00633] Test devices can be in the form of cartridges, dipsticks, or other
conformations known to the art. The test device can aiso be part of a kit
which can contain instructions for use, instructions for comparison of test
results with results of the same test done on non-appendicitis patient,
additional reagents, such as cells or fluids from non-appendicitis patients,
and other reagents known to the art. These types of assay devices are
known to the art and described, e.g., in U.S. Patent Publication No.
2003/0224452.

[0034] The methods for diagnosing appendicitis can include comparing

the level of the molecule in the sample with a background level of the same

molecule in persons not having appendicitis. This comparison can be made
10
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nol ecul e in persons not having appendicitis. This

conpari son can be made 10 by any neans known to the

art. It can include conparing sanple results with

results froma second sanple taken froma person known

not to have appendicitis, or conparing sanple results

mﬁth a photograph or other representation of results
dicitis. Test

t h
OGRS RESHER wiEkng ABRSAE RbirbarTE Shulply kSstls it
rasSitPPomta Beddnusdisle 1aRER r6R] fbefontigfvrasot tBdiaeat or s
shovm ng. non-appendicitis levels, or a filter having

aPRENdigiis. bFNPBING AP resUltB Wik ehdiograniison eter | so

e EesBRby S R Nt ph IRy FBbEoh EL e Fyices

Hmmgsmdang Fog mmumgjao@iaptpbhaudstrswews ongcaruppsit lﬂﬁem@&ae
contr o] IU|g§phaV|n background | evel s of

Sﬁmee%fel%ow,saﬁ@aﬂi afpeh shg wﬁamreapp%nfg@ﬁweé@is avéaw‘éuar
h%%m@%@%%%eﬂf’(ﬂ@%rtt%n '}:‘yé’hob %%n@'c'ftkaévc’?iasc‘ot 1$pyssed
00d, can

0035] When the sa he” nmet ho

hig heo, &presnddetis- mdam%lﬂgnﬁgehs loé tHe motkchie arenisastabirowry.t by
for

LBl T e eBonftnalis i egtioh cBE TS was of
cbﬂ@@lﬁ‘]w@hé@ﬁ@baél@@gﬁ@ Se )€ ok MW o feRulch9pRET of hdh-an

nmbodi nent of i nvention, antibody supports are
aé@@@'@@ﬁﬁaﬁﬁﬁ@ ta@ wwil ahcolecechnt Pt axd/ar kghtfideas| y
ttached. In the devices of this invention,
ugéérioglgl!é%ea nmeans known to the art to detect
antl body binding with the nol ecule can be used. The
[008d8] cat\bihendha sagpte lsrtﬂd)wietheenﬂhdd chakddemclude

N SR I
| I
BRI

cIonaI anti bodi es bind, such that binding of the
365t ruritedpsapPers gt krowndd thmaitblody einbbdinoentisf dok

Bt S LR o B o
reinhavaipiyho miivkeeily ba@@l@d iRtid dodeesot@ms eemicRthy iAMmyator

| abel known to he art can be used for |abeling the

MEaRY HAOWRALP Boriprt tcp qetget aribad yhindingswith the molecule can be

used. The indicator means can include second, labeled, monoclonal or
polyclonal antibodies which bind to the selected protein, which preferably
bind to a substantially different epitope on the selected protein from that to
which the first monoclonal or polyclonal antibodies bind, such that binding of
the first monoclonal or polyclonal antibody will not block binding of the
second antibody, or vice versa. The indicator means can aiso include a test
window through which labeled antibodies can be viewed. Any label known to
the art can be used for labeling the second antibody. In an embodiment of
this invention, the label is colloidal gold. The second antibody can be
monoclonal or polyclonal. In an embodiment of this invention, the first

antibody is a polyclonal or a monoclonal antibody made using a specific
11



this invention, the |label is colloidal gold. The
second anti body can be nonoclonal or polyclonal. In
an enbodi ment of this invention, the first antibody
is a polyclonal or a nonoclonal antibody nmade using a
speci fic 11 pol ypepti de sequence of the nolecule
differentially associated with appendicitis, and the

' ' Lff I I .
REHRHREE0Gs BEud Teeien M ah ot dr g ¢ o
apbehbeitzphag the sesordl Mtk dd I\/% i$ Betifférest mo@a@bldﬁ@ﬂ&r polyclonal

Ant i bodi es for MRP-8 and P-14 are commercially
aa\vap%m ieh BiRg tyA ditfarenisiiecpldbe magavlernr hirds to the first

amﬁ ds o!‘boﬂﬁet s@?ﬁdv@ﬁﬁf%réqﬁ@%@%%% %orrfﬁsr(?rfcwily a@aﬁﬁﬁ’

are al so known to

trsroggh (o8l Sclescad bmmcbnn NIA SMoRatint| SotibdalicbR, IZGhoglobin
i nvention, the sanple

0 | nt of thi
%8’0@5 @@Saé’@@d&%‘? ?@S Frfvmﬂca)n ake é‘?%qué‘&ﬁh;‘? 9-e3¢
ddeMisy :'nSU% It &k fﬂ QK% gQB' ce conprising inlet

means for flowng a liqui'd sanple into contact wth
the anti bod| es. The test device can also include a

(303 contans embadisngrdof d¥s mwelmgomﬁme semeple és bejassayed is

ti h, fl
<PHBPE Y BT B 1 btk SRl DR groni
intetpheaes fetfleatnoa liaoid eaplesntdsconta@ant vk artvbhicsNTRE
proper flow of sanple fluid through the test device.

teaf fi@v'ﬁﬁtqavélisgp INCRIE 3 e GNP BIeanE derassain Hortdhe st is
I o)

PR DI SR o gk e 908 ol rgons

botrat tpa sppport tet dapture aletegiopl aerct@ovinetst’ama nremndenfi ce.

038] Methods f det ecti th esence .of
ot Brane orslisanms TuiBeuah Bl (ot de dem dilmraativel.
th@&‘ld\}@cérﬁﬁ?oifrﬁéﬁ%)té}glrﬁﬁ)ﬂecﬁbt@rreeaﬁclb%@|é3§;9‘{hg%9ntrolt@§:on
met hods conprising: providing an i nmunoassay test

whehiceptwe thaideteatinnemtibodies cagriadndingting that stopenfiobody
eadl ng an indicator which is
tam é&b%cg%mk’ewgq{b% 5 bi ndi ng of the first antibody.
Pr eferably, binding indicates appendicitis in the

[0688] entMdibbg fdr&ﬁt@cdmgl\ibbfp:@dsemfe ofsa nRlddies diffetavtiatios
in the doctor's office, energency

aﬁsgsm?e%?V'*Ls%ﬁp&éﬁg?'tlsrww & 107U B9 GENICRY aé%ﬁ&ﬁorfﬁot”ﬁ@d
thB#hétBBks bnidiRirkABRIIIRE a® immunoassay test device of this
invention; contacting a first antibody with a sample; and reading an indicator
which is capable of detecting binding of the first antibody. Preferably, binding
indicates appendicitis in the patient being tested. Methods of using these
devices can be performed in the doctor's office, emergency room, or
surgery, rather than requiring sending the patient or the sample to a

separate laboratory.

[0038] The devices of this invention are useful for testing the above-
mentioned samples. When cells are tested, e.g., when the molecule
differentially associated with appendicitis is suspected to be in blood or

12



separate |l aboratory. [0039] The devices of this
invention are useful for testing the above- nentioned
sanpl es. Wien cells are tested, e.g., when the

nol ecule differentially associated with appendicitis
is suspected to be in blood or 12 tissue cells rather
than serum the method and/or device can include a

fies r Ot eJEX? ﬁ%  HetPsFhn{ R0 R 5‘%;)%5@59@%%\%[ Q5o¢ 5 el

lgsing s&é}ﬂéﬂﬂne’éﬂsmnwetéﬁger@fmmcﬁiﬁ@ dresteémphy&icd or chemical
| mmunoassay test device for detecting the presence of

R{OP@sekNWibE) e dtfferential |y associ ated with
appendicitis in a sanple froma patient suspected of

DAL TPRRA L oy BB ASHIS Sy ROTRIACRLE8) (bl ror
detectingaheitresksncenefam e vBOMRR 11 a&ldtﬁangn@iydasfsomated with
ans Lor detectin

BRSO & e R e 3) Sogaiat o5 havingibpeneictis,
s esthed cBRptisingna fﬁ‘é‘ﬁérﬁ%ﬁy'sﬁe&ﬂ@%@{wﬁ%ﬂﬁ a support for

enmbodi nent, the |nnunoassa¥ devi ce al so conprises an
sat filsbaptibesiyh aprang fobrantesting saidffivst aniéaqdrye@md stmple;

atﬁ@%ggrlué)%r%eté'cttng}eb ﬁ@lgg Zsal rﬁggntllpqq;( &ﬁ%lﬁéﬂol?ﬁléle In

conprise neans
athearnbediaamt eea nltaabay’ & ZTéleldQWQ@b@dJﬁWnlt She@miiinehssay

means for rovmn a liquid sanmple into contact with
d@H@efqi$%90@ﬁfiﬁ%av anfibogutp hapteglobbhisr ieskfos the prasence of
r I
hfaggcfgﬁblﬁ% ﬁ%;%@%cgh%?ﬁmé%nﬁﬁ %g@gB r%g'méﬁis of lysing
Ceﬁﬁamdﬁhmmletﬁlee device €andsna IHenahfIdwp:Betwc&kcmnpnmng miet
The devi.ce ¢

t f
e F SRt i AT Mt SoPGEE PORAS el et Bgie Hecan
a(é@Vdcﬁﬁpndena Aneh fo'r‘ﬂﬁerlr‘i §%ru¢r%k gl%sﬁr?anfr&%@f)!o%@ s’éﬁ%ﬂé In

for detecting the |eve resent in said

agdditfpn ethe[dwyicy cm%pmﬂmw@mmﬂa@m@s@qm
ofh BHIF absitk R Cliide Rt A bEFES 2oaRbe B n the

farnssrweklt Bowipeising instrectepdoatsidg lt’rYe desies! ®ciddditton, the
focu3| ng on the x axis and by nol ecul ar \/\El/qht on the
dgvigg can CpRwrise means for detecting the level of MRP8/14 present in

said sample.
[0041] BRIEF DESCRIPTION OF THE FIGURE

[0042] Figure 1: Two-dimensional electrophoresis image of proteins from
(A) normal and (B) diseased appendix tissue. Proteins were separated by
isoelectric focusing on the x axis and by molecular weight on the y axis. The

molecular weight in kilodaltons is shown on the left. The arrow indicates the

upregulated protein, AP-93.
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nol ecul ar weight in kilodaltons is shown on the left.
The arrow i ndi cates the wupregul ated protein, AP-93.
13 [0043] Figure 2: MRP-14 western blot anal ysis of
normal (N) and diseased (A) tissue. The nunbers are
sanple I D nunbers. Ml ecular weights are shown in
kil odal tons. [0044] Figure 3: MRP-8 western bl ot

Si 05”&%}, n i ed A The
@Bﬁgjé i o 2anp| e 1%@’%%%&%3@%6@?’%&#3# f@#ta& are
dsémmedl (M) Kis sl alteomemb £ O] sd@e e rdimiRel atibleeulevel s
of. MRP-8/14 in nor rral and appendicitis serum as

wWRIgRisArRshony iekledalionse | evel s are given as a
fraction of the nean for the patients not having

[popgndi FlgUréG ﬁ/FRFd BfWé’sctEhPB‘Ip?Eié’I%Q@'o@glorrﬁslf(‘?Qra‘?ﬁij difeased

herein as a i ncrease bars repre
{(8atips s Tﬁuemummlslamtssmmwmguuam@emdwoilewhar g tite abar s

I f tient t havi
S TRRIITE™; Goac] Fi gur e 5:  Tvo- i mensi onal

el ectrophoresis imge of proteins in depleted serum

[seqg)l esFiguesr ( Relatios nalelaBdMED)-sARPE Skt hod BRPEEESs
Proteins were separated_by isoelectric focusing on the

SRR a8 deermpped M|Féd§rﬂ\aﬁhaé¢w$ agnhgivhie ag-aaikpetionmpidhe
rfRERN Y A ANt Raihy ROBERGICHs, Saidfon o B

rgfecedito heAfn B2 a (folaiphoglaebi” Mk hiaes mpbeﬂerﬁ)same&s from
protein _that |

CBlee PR e QU OB LatP (PoTTRot RRIMDI0lam Patihy B

hg\,m&'\/ﬁ?@ha@ﬂ@ onal el ectrophoresis imge of proteins
A) nornal and (B) diseased (perforated)

endi x tissue. Proteins were separated by
@fﬁdl edtigue $: ow@1dmgeaﬁ0ﬂaleelacta®@®r@m irbggensf praikias in

déﬁ*ﬁ%@@ns ks Tt AT PR e e BER Ml s htients,: oo

Ptdtelnlspmafgtde@taeﬂeﬁltqt@@éiecﬁe deus(nli@Qh ool RRixis ahdbg
gure 7. t ogl obin djstribution.

b
m?%g%u@%f\%%# Rty ghe raﬂlapy@r et ifokiRdalioRp impaown
indhB8GRHE AT He Vailbl S35 inhREHEWIRE S8l BtPIRNGN ! RP-77

(haptoglobin alpha subunit). The untailed arrow indicates a control protein

that is equally abundant in diseased vs. normal.

[0047]  Figure 6: Two-dimensional electrophoresis image of proteins from
(A) normal and (B) diseased (perforated) appendix tissue. Proteins were
separated by isoelectric focusing on the x axis and by molecular weight on
the y axis. The molecular weight in kilodaltons is shown on the left. The

arrow indicates the upregulated protein, AP-91 (haptoglobin alpha subunit).

[0048] Figure 7: Haptoglobin distribution. Haptoglobin western blot
analysis of normal (N) and diseased (A) tissue. The numbers are sample ID
numbers. Molecular weights are shown in kilodaltons. The alpha and beta
subunits are >20 kd and 38 kd, respectively.
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nunbers. Ml ecul ar weights are shown in kil odal tons.
The al pha and beta subunits are >20 kd and 38 kd,
respectively. 14 [0049] DETAI LED DESCRI PTI ON [ 0050]
The verm form appendi x i s recogni zed as a separate
organ from the large and small intestines. It extends
as a finger-like pouch fromthe base of the ascending

, the cecum The appendi X,
[ﬁlﬁkgr tﬁ@%%@ ﬁﬁﬁgﬁqﬁtlﬁﬁ s hol |l ow and conposed of
the same three tissue layers. These three |ayers are

[a058)c osdhe veswifbran Bppandix & sogszed Hyea spperath 6r@n from
L men conmuni Fates with the |lunen_of the cecumvia a

the lrTEe Gpermmgy! iRsines Hif sugRIMAShIngR-IKS RGN IToRR das base
drtise §§€érﬁﬁrﬁ%§loh?wﬁf& i§ %&%Lca?ﬂéﬁq e} ehe %gﬁéﬁéh&oﬂ(%

are excess cus pro uce romt append| ce nmucos

the large ditestore, iohelow andicogposedsaf thmeara]ppiemiel besabsiayers
ont ns numer ous bacteri a ? o the r ht col

s e

Wag '%ersfar%ﬁéﬂaﬁ%%a?%%a%% 356705 TTaARARE

\draeh @bnmamca@saﬁwﬁeaamﬁdﬁ%é b8euMWid & rb@sbbehing 368
t he usual cause of appendi ceal obstruction

thipheh tidehineoarRansioadds its seeetipns o thedeeal stmm ukhese
SLERRE S S s bHlLERg HARBB S R Bl

abbiok tb laenmmnagmmal tHeuammnd:ﬂa&b]coﬁmlh@mmrémmbna
obstructl on_an escal ating _cycle of events ensues. The

RO i thedight GelqnoFPbéfmﬁw abipertnpengicsalivarerais the
dehfsadh chaL?%t?%éH%' o ﬁfntlisﬁllﬁesfetc?ﬁthE%rréTNe Loy

of appendi cea cus i cecum e conti nui ng
cagsaral agesnditaad obstudthos, appmtmxphm lymptiogl Nesug, inspissated

L N VENE R T e
woh@is ARO@REAMId Sarl 8REMsCIAME ddpidlcaBVkpserRr oduct i on

fromthe obstructed appendi x rapidly el evates the
ntral um nal pressure wthin the organ. This el evated

[qoﬁﬂﬂ al LFrﬁﬂﬁa!lqumg@lr@st@cB%aﬂe@calﬁtmrcdciea:gaaweﬁts t he
B BRI Lot ER e keIt Uitk
otaﬁftftmtlentthateblodfs tbermmml ﬂdwcnfraa@pemageal mdalid intoliid use

ain in the mdabdo or | ower. epigastrium

.. Hhg cortinuing norma secretlon of the apgendtceal mucus very
rapidly fills the luminal capacity of the appendix (approximately 0.1 cc). Once
the luminal capacity of the appendix is reached additional mucus production
from the obstructed appendix rapidly elevates the intraluminal pressure
within the organ. This elevated intraluminal pressure is exerted outward
against the appendiceal wall and causes the appendix to distend. Distention
stimulates nerve endings of the visceral afferent pain fibers, producing
vague, dull, diffuse pain in the midabdomen or lower epigastrium. Peristalsis
is also stimulated by the rather sudden distention, so that some cramping
may be superimposed on the visceral pain early in the course of

appendicitis.
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is also stinulated by the rather sudden distention, so

that some cranping nay be superinposed on the
visceral pain early in the course of appendicitis. 15
[0052] Distention of the appendi x continues, not only
fromcontinued nucosal secretion, but also fromrapid
nultiplication of the resident bacteria of the

8082y DR 6 kP harorBPER i S R e

rfmd;@san satigoh Nbutadisurirom rapicessttifichienof ®edkyident bacteria
capillaries and venul es, but arteriolar inflow

of §e PRRRRAIX A% BrassHER inthedigan fureriesaNanous Biasanre within
thé Qggéﬁﬂ@??l WA PR @ T Q'n?mﬁqgﬂéﬁjgﬂﬁ%!gfrggﬂré dhen

causes reflex nausea and vom
cmcmdeswapmanasbedm@esbsnbueam@vﬂaﬁmﬂ&h&dnnﬁh@ﬂﬁﬁé@fﬁg|n
rocess soon |nvok%es the sergsa of pendi x and

qnﬁofgﬁrﬂerﬂ)ta?rlde‘faéicu ceperRsinn iHstenton @5 m%SF‘BH% Hagally
chbges @T@x%&éb%‘d%&h&uﬁ% Ay PR el Se (n'%@?rrasl EFF;; B QMRes

guadr ant di se process is
mRieasyeE. nﬁ@mmat@ryl moa¢e$sze@brt mvolves ﬁauegse[dse&ﬁ]tha'he
i nc

LEERR s ISR A Bl b P8
chaRRketistiCRuE MUsDs 8 tHeiGanbi¥r SadapiPRIan). Sed cﬁé’éééé

in the process, allow ng bacterial invasion of the
PERESSENS Taifly adean caplariaen FaNSs tecalized &0 thenRASi on | eads
to appendi ceal destruction and system c |iberation of

[?ﬁﬁﬂaggs'ﬁp@ﬁ\t&gbélof E@%é‘s?rouﬁ%gﬁﬁal tHRE W&ﬁ& o athe %%g{end ix, is

ytosis evelop S a conseguence 0

venryl snasseptntﬁledeadparred;blmedmmducfr@uamdudamaﬂ eﬁe@ityﬁsoxu ns.
endi ceal , di.stentj on

o Rp PR i RSP ReSs ok PasisiRbinvasio s heupeper
t|$§UealE19é§s Faseh RRerid) mﬁd%%rﬁ%tabﬁ% %Bb@ﬁdﬂz@e@@é@@ﬁucﬁén bhe

appen di ceal serosa. di stention, bacteria
sy siomil H}era&mrpfbaﬁ@@ hgfcterial doxias. Feeusp) tyacbwdard iaf, andt i on

PGS BB IR e RS SHB SHHB Tapeb e

tigpeief modticeraridnertiend easas. Ad rd@ﬁéé@ﬂé appasdicés dig¥hiisn
bdom nal cavity 0054 pendi citis has

into the
rl%?@eﬁﬂ&%ﬂacgm%theg@ré%rtolafnﬁ)ﬂeaﬁ@sfﬁ 6%1§§Oi|dﬁ§*n@ﬁ*ﬁdﬁrﬁlop in

the antimesenteric border of the appendiceal serosa. As distention, bacterial
invasion, compromise of vascular supply and infarction progress, perforation
occurs through one of the infarcted areas on the antimesenteric border. This

perforation then releases the bacteria and its toxins into the abdominal

cavity.

[0054]  Appendicitis has been called the “great imitator,” as its symptoms
are frequently confused with those of other conditions. This confusion stems
from the nonspecific nature of the pain early in its course and the variability
in how appendicitis progresses. Pain in the right lower quadrant of the
abdomen is the halimark of appendicitis but this is not typically what the

patient first perceives. When the appendiceal lumen first obstructs, the
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progressed to the outermost layer of the appendix. This outmost layer is
called the serosa and it touches the inner lining of the abdominal cavity
called the peritoneumn. This contact irritates the peritoneum, producing
peritonitis that is perceived by the appendicitis patient as focal pain wherever
the appendix is touching the peritoneum. This too can vary between different
individuals. The appendix is most usually located in the right lower quadrant
under an area known as McBurney’s point. McBurney's point is a position on
the abdomen that is approximately two-thirds of the distance from the
anterior superior iliac spine in a straight line toward the umbilicus. The
appendix can, however, reside in other locations in which case the peritonitis

produced by the appendix will be in an atypical location. This again is a
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siiifansliaRg spbcifically carboxylated glycans (Robinson et al., 2002). The
intracellular signal pathways and effector mechanisms induced by binding of
MRP-8/14 to endothelial cells are not well defined. However, interaction of
MRP-8/14 with phagocytes increases binding activity of the integrin receptor
CD11b-CD18. This is one of the major adhesion pathways of leukocytes to
vascular endothelium (Ryckman et al., 2003). It is believed that the MRP-
8/14 utilizes the receptor for advanced glycation end products (RAGE). A
refative of MRP-8/14, S100A12, is a specific ligand of RAGE expressed by
endothelial cells and their interaction activates NF-kappa B binding in these
cells (Hsieh et al., 2004). The NF-kappa B binding subsequently induces
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appendicitis, the lum nal obstruction and the
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response. The circulating neutrophifs are then recruited into the area, as are
activated macrophages. While the expression of this protein complex is
related to the activity of the macrophages in inflammation, the exact
relationship between MRP-8/14 and cellular activity is not fully known. What
is known is that the intracellular distribution of MRIP-8/14 varies with the
activation state of macrophages. Normal macrophages contain the
complexes in the cytosol, but once stimulated, MRP-8/14 translocates from
the cytosol to the cell membrane (specifically with the proteins of the
cytoskeleton). This would imply that MRP-8/14 may be related to cell
movement, phagocytosis or inflammatory signal transduction. The roles of

cellular movement and signal transduction may also explain why MRP-8/14
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[0063] The physiological role of MRP-8/14 makes it an ideal clinical

marker for acute appendicitis. As patients with appendicitis are generally
young and healthy, they generally produce a vigorous inflammatory
response. This vigorous response is believed to liberate MRP-8/14 in the
earliest stages of the disease, which then escalates as appendicitis
progresses. Additionally, the diseases known to be associated with elevated
levels of MRP-8/14 are not common in this younger age group and usualily
do not produce symptomology similar to appendicitis. Finally, as MRP-8/14
is not located in nor associated with lymphocyte proliferation, this marker is

not believed to be elevated in viral infections. This is an especially powerful
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[0068] MATERIALS AND METHODS

[0069]  Specimen and Serum Collection. All patients enrolled in this study
were treated according to accepted standards of care as defined by their
treating physicians. Prior to being approached for inclusion in our study, all
patients were evaluated by a surgeon and diagnosed by that surgeon as
having appendicitis. The treating surgeon’s plans for these appendicitis
patients included an immediate appendectomy. The specifics of all
treatments such as use of antibiotics, operative technique (either open or

laparoscopic) were determined by the individual surgeon.
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were then stored separately, frozen at -80 C
[0072]  Appendicitis Tissue Processing. Appendix tissue from
appendectomy patients was harvested and stored at -80°C until processed.
Individual tissue samples were ground into powder using a sterile mortar and
pestle under liquid nitrogen. Protein was extracted from tissue powder by
incubating at 37°C in Extraction Buffer (0.025M Tris-base, 200 mM Sodium
Chloride, 5 mM EDTA, 0.1% Sodium Azide, pH 7.5). Samples were
centrifuged for 10 minutes at 14K rpm. Supernatants were stored at -80°C

until analysis.

[0073] 2D Gel Analysis of Extracted Tissue Samples. 2D gel analysis
was performed on depleted serum samples and extracted tissue samples.
Isoelectric focusing (IEF) and SDS-PAGE were performed according to the
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[0076] Serum MRP-8/14 Determinations. Serum levels of MRP-8/14 were
determined by ELISA using a commercially available ELISA (Buhimann
S100-Cellion S100 A8/A9) according to the manufacturer’s protocol.

[0077] RESULTS

[0078] Identification of Proteins Present in Appendix Tissue from

Appendicitis Patients. A differential proteomic analysis was performed on

depleted serum samples with the goal of identifying proteins elevated in

patients with acute appendicitis. The analysis involved comparing samples

from normal patients versus patients with perforated appendices. Blood

samples were obtained immediately prior to surgery. A normal patient in this
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[0081] The MALDI-TOF identification of AP-93 as MRP-14 was confirmed
by the matching molecular weights. Based on this data, MRP-14 protein was
more highly abundant in the diseased sample pool than in the normal

sample pool.

[0082] Presence of MRP-14 and MRP-8 in Diseased Appendix Tissue. In
order to confirm the presence of MRP-14 in diseased tissue, an anti-MRP-14
antibody was used in western blotting of tissue extracts from individual
normal and diseased appendices. Figure 2 shows the western blot data from
9 normal and 11 appendicitis samples. A 14 kilodalton band is present in

every appendicitis sample. There is no detectable signal in the normal
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GDEGPGHHHKPGLGEGTP [ SEQ I D NGO 31. [0081] The MALDI - TOF
identification of AP-93 as MRP-14 was confirnmed by

t he mat chi ng nol ecul ar wei ghts. Based on this data,
MRP-14 protein was nore highly abundant in the

di seased sanpl e pool than in the normal sanple pool.
[ 0082] Presence of MRP-14 and MRP-8 in D seased
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MRsdd, appbhg&%%nz;ﬂ€§ LBt W@fé%tl@ies;ﬁ tﬁé %mrﬂsﬁaéqudwe

presence of gure shows the wester

tigaye Thsisegvesicanilot ma @mtﬁ%mw -BrenchWRTRI 4 paotdins

LR T8 PR B RS MERal e 0l

detectible in the normal appendix tissue. These

[eest]er rElelateddseans hovels baMRMPS/ MRPa e dvitRRedié
rkedly npre abundant in appendicitis

r Ot 1 NS
Hﬁﬂ Cﬁisngﬁﬁgﬂgﬁﬂb’éﬂa QN pRGRD apgaeiglis eneiha eessareRf
Mrev gl Qlfthw néﬂ( Igé‘Usethe?(aMﬁé‘tlﬁth@ SW@UQJ'S% SbRim

The hi gh cor [ 'at1 on between pendiciti's and t
Obﬂ%em@éenifs anvRethet matlemtstslmésaqumkyladdeeidoube 1study The

th [14
SEA TRt o R siEre urBhrankn SGH plRbRs lsene diseree
sisituityas KRewnsSRIFP -8RI £le0els! \peicadehalrel &isty Q%ﬁﬁdw%@ﬁgﬁx
and anal yzed after the di sease status was known.

spagtlicgior 4hg eg@peXner e neasured using a sandwi ch ELI SA
specific for the conplex. [0085] Table 1 |ists serum

(09851 8/ hrhpl €Y &b dQUntRPEIeNESe 50988 BN MESs determined
by an ELISA manufactured by Hycult (Netherlands) and available
commercially through Cell Sciences, Canton, MA. The amounts are given as
fractions compared to an average level for patients in the study without
appendicitis. Note that all patients with appendicitis show a fold-increase of
MRP-8/14 over average normal levels. The procedure was conducted
according to instructions accompanying the ELISA product. The sample
numbers do not correspond to the sample numbers shown in Figures 2 and

3 as the samples were renumbered.
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citis. Note that
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acconpanyi ng the ELI SA product.

t hr ough Cel |

al |
MRP- 8/ 14 over

Sci ences,
fractions conpared to an
patients in the study w thout
patients with appendicitis
aver age nor nal
according to

The

Cant on,

sanpl e nunbers do not correspond to the sanple
Baripge s shown In Figurds 2 and 3 as the fanpl es \Weffstion
NeRahgr fdnicabD Fﬁﬁ@éP TABLE f'atheigge Qi n| &4rding of Narmal
Diagnogis Pg dirng—Fractionm—Numper—of—Nor el
1 Advar cedAEE %&% te AWMAcuﬁetAmo@dchqopemﬂ ci tfi %-
2804282 Ry Nors 0. 960805 3 Adya f0a28
TrghsnurnlNQ”%ﬂdﬁﬂﬁrn.r.c Annﬁﬂﬁﬂﬁf.q 5_E5adoa | 4-960805
Perf or at ed ABYRNPBE f or 4t ed Aﬁ@@swhﬁﬂbcros s 6 53913 5
Early AppyARPEQdisdist e Appendiiendicitis 4. 562059 6 | Eabp4904
Appy M er di PeifaradB8AM24 [7 Horri bl e
pe?fordteéﬁﬁgéﬁgr Appy- 4Ndleoessi S 7. 906§%6 8 6.53913
Elos:mal App_\,ETdWMppAcute AprReABIE Apsendickisd/ 1489 9 4.562059
arl'y Appy Transnural—3 APpeﬂﬂHQNﬁhé 3. 65546_ 10
éd?fﬂﬁ‘fg TrEaiynipry 3 Append) Gl s APP pendifci tis, as1124
AR S Perforated Appy-
7 Horrible perforated 7 Necrosis 7 906886
8 Normal Appy Mild Acute Appendicitis 3.971489
Transmural
9 Early Appy Appendicitis 3.83328
10 Advanced Transmura
Appendicitis Appendicitis 3.566665
11 Appendicitis Mild Acute Appendicitis 3.206335
. Transmural
12 - Appendicitis Appendicitis 5.51224
13 Advanced Transmural 3
Appendicitis Appendicitis 2.92671
Transmural
14 A“‘;gf;gg Appendicitis w 4
PP Necrosis 3.866306
Transmural
15 PERFORATED Appendicitis 3 4 54657
Advanced
16 Appendicitis Perforated Appy 4 7.01877
17 Advanced Transmural 3
Appendicitis Appendicitis 4.25998
. Transmural
18 Appendicitis Appendicitis 3 6.90312
19 Normal Appy Normal 1 0.838679
20 Normal Appy Normal 1 0.590005
Appendicitis with Peri
21 Early Appy appy changers 3 1.682291
22 Normal Appy Normal 1 1.128849
23 Advanced Transmural 4
appendicitis Appendicitis 2.338583
24 Normal Appy Normal 1 2.478035
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11 Appendicitis MId Acute Appendicitis 2 3.205335 12
Appendicitis Transnural 3 Appendicitis 5.51224 13
Advanced Transmural 3 Appendicitis Appendicitis
2.92671 Advanced Transnural 14 Appendicitis
Appendicitis w 4 Necrosis 3.866306 15 PERFORATED
Transnural 3 Appendicitis 4.54657 16 Advanced

Petf-orat cu Appengi-etts—818+7—t7Advaneeqd
' Tr ”}tfb’ty ) qevl"\dl citis Apper ndicitis 4.25998 1Qﬁ807046
Apsbndiciti Bettpietral| 3 AdRIIRIRIEC s 6/00342 14.954136
Nogral_|Appy MNsre@l 1 0..838679 N@amalor nal  Appy! Norn@i918438
0. 380095 21 Haet y Appy AppendiEliotis with|{Per2 3 |ap@p7589
changer|s 1. 68&2}31 t 24 |Nor malrrappyurbior mal |1 1. 128849
Ad¥dnced TransfliYal 4 appendAgrj,éﬂ,cﬁC,ﬁ@pendi citis | 4015013
"2.338583 ""Nor mal Appy N rrml 26 2 5
_ 30 Hatt appyHQZt 807046 } d Pelfor?at ed 4 450902
Z sz:é_\_g LI NWI IITII IWI al UJ.U’-iOU LU I_IUL1 Mot 6.594943
POt bt Transmural
32 Hot Appendicitis 3 | 4211086
Transmural
33 FPerforated Appendicitis 4 3.835219
34 Normal Normal 1 1.968859
Transmural
39 Perforated Appendicitis 4| 4126198
Transmural
36 Advanced Appendicitis 3 2423726
Transmural
37 Hot Appy Appendicitis 3| 4178647
Transmural
38 Early Appendicitis 3 9.584398
Transmural
39 Normal Appendicitis 2 12835339

[0087] We have identified a protein complex that is present in the
appendix and serum of appendicitis patients. Based on the western blot
data, the presence of MRP-8/14 in appendix tissue is highly correlative with
disease. Furthermore, levels of MRP-8/14 in serum are predictive of
appendicitis. We presume that this increase is due to increased production
of these proteins from systemic neutrophil infiltration of the appendix and
possibly direct mucosal production of the proteins by the appendix itself. This
study demonstrates that MRP-8/14 is a useful clinical marker for acute
appendicitis. After our discovery that MRP-8/14 was a molecule differentially
associated with appendicitis, our work was confirmed by the finding of
Power, C. et al., 2004 and 2005, who reported detection of this molecule in

feces of patients having acute appendicitis.

[0088] Example 2. Haptoglobin.
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29 Early Transnural 3 Appendicitis 4.015013 30 Hot
Transnural 3 A endicitis 2.460902 31 Normal Normal 1
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33 Perforated Transnmural 4 Appendicitis 3.835219 34
Normal Normal 1 1.968859 35 Perforated Transnural 4
Appendicitis 4.126198 36 Advanced Transnura
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d‘é@@ﬂﬂﬂé@ltﬁatfhag)t 458%s 38rdNerarad il E%{wﬁx\ﬁ‘ﬂh deute
Appendi citis 35339 O 87] ave identified a

appsndiciisc dhpladnha ﬁmunrtsofme@é@i@bmns ehesappieiylLsetahaparker
s patients. Based on the western

[@%lté@ncpﬁél{@,%ﬁgis%?%ence of MRP-8/14 in appendi X

tissue is highly correlative with disease,

[FoRalher MY TE RIME\BeAN DAVEVRIBIBE 14 in serum are
predictive of appendicitis. W presune that this

'%{eas i S due t |ncre§fﬂc§i r oduct {1 of these
009 11a; nSPPPBIRNG SSHID rRIBEHORIARPSRNGTS HSRUCRIOBE T TR
2BPHESHH Xy SN Ef eﬂﬁé“&é@h%ﬁ éa@ﬁb!eguﬁr‘i’c? @Jesﬂirﬁ%ll’cﬁtdn‘éWsiH of

the proteins by the appendix itsel This study
eyuadiedtanpesdix tivsue MRPYEES wer s aa d@serﬁkuﬂed abovs iodtxarapleer,

covery
el il B, (RRBRE Ehla bt B aft JERER HapiG8iboin
(Rockland, 600-401-272) was used at a 1:5000 dilution in 0.5x uniblock for
the primary antibody; and the secondary antibody was peroxidase anti-rabbit
lgG (h+l), affinity purified (vector, pi-1000) in a 1:5000 dilution in uniblock.

[0092] RESULTS

[0093] Identification of proteins present in appendix tissue from
appendicitis patients. A differential proteomic anaiysis was performed on
depleted serum samples with the goal of identifying proteins elevated in
patients with acute appendicitis. The analysis involved comparing samples
from normal patients versus patients with perforated appendices. Blood
samples were obtained immediately prior to surgery. A normal patient in this
study is one that presented with abdominal pain, underwent surgery, and
was found to have a normal appendix. Normal and diseased appendix tissue

was collected during surgery.

[0084]  The proteomic approach was to compare a pool of 4 normal

samples with a pool of 4 appendicitis samples using two-dimensional

electrophoresis. Figure 5 shows the 2D profile of proteins analyzed from

serum depleted of igG and albumin. Comparison between the gels was

performed and the most obvious difference is indicated in Figure 5B as AP-

77. The protein in gel spot AP-77 was digested with trypsin and analyzed by
28
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associated with appendicitis, our work was confirned
by the finding of Power, C et al., 2004 and 2005,
who reported detection of this nolecule in feces of
patients having acute appendicitis. [0088] Exanple 2.
Hapt ogl obin. 27 [0089] Using a proteom c screen of
serum and appendix tissue, we determ ned that
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r oxi dase anti-rabbit , affinity puri
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B@A@OGKPP@NHANW@HM@BHQDN@@FP\AK!WKWSHM&&TTGATLIN
ornmed on | eted serum sa%rell es with the anl of

ST TToKNG NN T Y AT T I Db H A GV B B0V
CRBERIR kY SYNERIVPIEL ESKDY ARPLIRA: PORPA AN AQPRE 8L
Kapvhélorel/ 8 D) D@C@@HYE@WEE KWE P& Sy @vidd L NEPHIHCAGMBKY

S e e AR i el SR el Y cTe
mwgm/zxﬁﬁr[@wmr\f@epd to have a nornal appendi x.
Nor mal and di seased appendi x tissue was coll ected

during surgery. [0094] The proteom c approach was to
[G09&par & iguieddBhews the mﬂlmerﬁml@éewqmoaem@rofdﬁ 4

C%Bgﬁéj&ﬁ: béfm?ee%aﬁméaeseaugﬁfgo}% a%p@%ﬂ? t?s%ﬁe proteins. Two
spots, AP-91 and AP-93, were analyzed by MALDI-TOF and positive
identifications were determined. AP-91 protein was determined to be

identical to AP-77, haptoglobin-alpha.

[0097] Elevated haptoglobin in diseased appendix tissue. In order to
confirm the presence of haptoglobin in diseased tissue, an anti-haptoglobin
antibody was used in western blotting of tissue extracts from individual
normal and diseased appendices. Figure 7 shows the western blot data from
6 normal and 6 appendicitis samples. Nearly every sample contained some
level of the 38 kd beta subunit, however, there appeared to be an elevated
level in cases of appendicitis. A >20 kilodalton band is present in every
appendicitis sampie and absent from all of the normal tissue samples. This

data confirms the proteomic screen data and shows that the protein is an
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el ectrophoresis. Figure 5 shows the 2D profile of
proteins anal yzed from serum depleted of 1gG and

al bum n. Conpari son between the gels was perforned
and the nost obvious difference is indicated in Figure
5B as AP- 77. The protein in gel spot AP-77 was
digested with trypsin and anal yzed by 28 MALDI - TCF.
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bet ween di seased and nornal appendi x tissue proteins.

[0D4G0] s fddcn péfordding e dAfpePdectoane st %iclbymﬂed as
MALDI - TOF and positive identifications
h@\éﬂe@ﬁpﬁ@@mﬂﬁ\pﬁé\é’i Opﬁeﬂ@pr@em@'tee(!\@m hee cietsssﬁeatlon is

béé@:ﬂéh %mlcél%\éﬁj IZ)TI Qﬂoa ggm Boﬁlﬂﬁﬂovbﬁﬂﬁﬁgaﬁt Gt ed

hapt ogl obin 1 n sea ndi x tissue rto
casmsf ofrappehdicitise Henclnicd| chagitiogliobison dharatiteezexkds either

tissue, an anti ogl obin antibody was used in
pe,@%r?ge% P Yt peﬁaraggét i ssue extracts fromindividual

normal and di seased appendi ces. Figure 7 shows the
[0086Y BT Thel 2imslas rohff AP patients are optionally pooled and divided

into aliquots. Optionally, a pooled aliquot is treated so as to remove selected
components such as antibodies and serum albumin. Similarly, the samples
from NAP patients are optionally pooled and divided into aliquots with
optional treatment to remove the same selected components. Preferably the

AP samples and NAP samples are processed in a similar manner.

[00102] Next, the pooled aliquots of AP and NAP samples are each
subjected to two-dimensional gel electrophoresis as known in the art. The
results of each sample type are compared with respect to the presence,
absence, and relative expression levels of proteins. Preferably, one detects
a signal corresponding to a protein derived from an AP sample that is either
absent or expressed at relatively lower levels in a NAP sample. Further

characterization is performed for such an AP protein.
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cmngm in the art. The results of each sanple type are
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[00106] A subtraction library is created using technigues available in the
art. A cDNA library is optionally amplified. The cDNA flibrary is treated so as
to remove undesirable constituents such as highly redundant species and
species expressed both in diseased and normal samples. Examples of the
techniques include those described by Bonaldo et al. {1996) and Deichmann

M et al. (2001).

[00107] Upon generation of the subtraction library, one analyzes, isolates,
and sequences selected clones corresponding to sequences differentially
expressed in the disease condition. Using molecular biology techniques, one

selects candidates for recombinant expression of a partial or complete

31



Y. N . RS

absence, and rel ative expression |evels of proteins.
Preferably, one detects a signal corresponding to a
protein derived froman AP sanple that is either
absent or expressed at relatively lower levels in a
NAP sanple. Further <characterization is perforned for
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and non- appendicitis (NAP) patients. Preferably the
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PEHIBY MIQ ARG EECRRIAUs available in the art. A CDNA
library is optionally anplified. The cDNA [ibrary is
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chni [ - e s t. .
8‘%‘%9 a%ﬁﬂ%s Bgﬁ%%grr@n&rﬁ& ﬁ% %ﬁﬁéarlg'é'ﬁggﬁ%fsf gg&%hgﬁat% majeased
viscosity, whereas approximately none to less than 5% of samples
corresponding to non-appendicitis cases demonstrate increased viscosity. It

is noted that the degree of increased viscosity can correlate with the severity

of appendicitis.

[00111] Viscosity measurements can be conducted by visual observation
or by using techniques known in the art. For example, a Coulter Harkness
capillary viscometer can be used (Harkness J., 1963) or other techniques

(Haidekker MA, et al., 2002).

[00112] The presence of increased viscosity in ptasma may be used in

combination with other diagnostic techniques, for example with one or more

of the following: physical examination, complete blood count (CBC) with or
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47(4):237-44. 48 CLAIMS 1. An immnoassay test device

: : f. MRP8/ 14
WRERGEARy AuBbraBRE Pl Bl s FEH by, cin
(Bﬁmpiae%ﬂnﬁ)agopaﬂient suspected of having
appendicitis sai d device conprising: a first antibody

P8/ 14 support for said fi
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said first antib sai nol ecul e . devi ce
ﬂaﬁtﬁmﬁ1ﬁ@9&dﬁ&#h2ﬁﬁﬁ4 wherein said first antibody is
27e10. 3. A device according to claim1 also
conprising an anti body to haptoglobin to test for the
presence of haptoglobin in said sanple. 4. A device
according to any of clainms 1 to 3, also conprising
means for |lysing cells in said sanple. 5. A device
according to any of clainms 1 to 4, which is a latera
flow device conprising inlet neans for flowng a
liquid sanple into contact wth said first antibody.
6. A device according to any of clains 1 to 5, also
conprising a filter for filtering serumor plasm
froma blood sanple. 7. A device according to any of
claims 1 to 6, also conprising a housing. 8. A device
according to any of clainmns 1 to 4 or 6 to 7, in the
format of a dipstick or a cartridge. 49 9. A kit
conprising a device, as defined in any of clains 1 to
8, and |
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instructions for using said device. 10. A device
according to any of clains 1-8 conprising neans for
detecting the | evel of MRP8/14 present in said sanple.
11. A nmethod for discovering a nolecule differentially
identified with appendicitis, conprising: testing a
first blood, serumor plasnma sanple froma first
patient, wherein the firéﬁAﬁwéient has appendicitis;
and testing a second bl ood, sefum or plasma sanpl e
froma second at,ie .wherejn the second pati.ent ha
& nor BB 2SR IRHET b Lo dDe TSR oRy ' at ovel ot
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mol edatienigsyshectast olnaynghsppendicits, sdid Hevibe comprising:
appendi Gl L1.5. WA et arding to claim 11 for
discg€@§¢%gﬁgﬂééﬂggﬁggoq@%FggggntiaIIy associated with
appertiupidortsior saiddirsEiMBAgonpr i sing: "in addition to
obtaining a fluid sanple, also obtaining a tissue
sanpleeansfenreaierting saiddirat antitogyonthpsaidl satrlewandar e
under,goi AV ol R ; LEhtd S,

dot o iAnAoP HEGE NG oRind BEERE (7S ARRBAP A Sel molecule.
ti ssue sanples whether or not each patient had
appendici.tis; analyzing the fluid s | es from each
2nati ArteHics BERaiRicnia G bl RFTE B3 dSEHENMORRES £ (5%
sanples from patients who had appendicitis that was
not present, or was present at a |lower level, in the
3f | ui & dauigs! eecordingrippdaiimehasowtonplisinghet améibedy to

a7 Bkl y B kit abe o B TR T 2R bR,
di scovering a nolecule differentially associated wth

appendicitis. 50 13. A nethod according to claim 1l or
412, (rfEvisenaegrding toicay LARRIBES Taloe3, als@eempsERipDggeans for

lysing cells in said sample.
5. A device according to any of claims 1 to 4, which is a lateral flow
device comprising inlet means for flowing a liquid sample into contact

with said first antibody.

8. A device according to any of claims 1 to 5, also comprising a filter for

filtering serum or plasma from a blood sample.
7. A device according to any of claims 1 to 6, also comprising a housing.

8. A device according to any of claims 1 to 4 or 6 to 7, in the format of a

dipstick or a cartridge.
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14. A nmethod according to any of clains 11-13, wherein
the anobunt of said nolecule in plasm of said
patients who have appendicitis is deterni ned conpared
to the anount of said nolecule in plasma of patients
who do not have appendicitis. 15. A method according
to claim 14 wherein the nolecule differentially
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intestinal bacterial flora, Plasnm nogen Activator

1'0"h' A H@\ché’acf:@rtd‘i g(t%cérgs Bi O4ing Soéc%ﬁrﬂé?d? So nTE4Hs8Bf

factor kappa beta speC| i'c appen ant gens
( HLA<BR)Gtinigrth & denred of MR%&/ééqaras;@ﬂ ilashidgeamspleand
nucleic acids coding for any of the foregoing. 51

11. A method for discovering a molecule differentially identified with
appendicitis, comprising:
testing a first blood, serum or plasma sample from a first patient,
wherein the first patient has appendicitis; and
testing a second blood, serum or plasma sample from a second
patient, wherein the second patient has a non-appendicitis condition
characterized by at least one symptom of appendicitis;
wherein said first and second samples are analyzed so as to discover

a molecule differentially associated with the appendicitis.

12. A method according to claim 11 for discovering a molecule
differentially associated with appendicitis, said method comprising:
in addition to obtaining a fluid sample, also obtaining a tissue sample
from each of a plurality of patients who are undergoing surgery for
suspected appendicitis;
determining from pathological examination of the tissue samples
whether or not each patient had appendicitis;
analyzing the fluid samples from each patient to determine a molecule
present in the fluid samples from patients who had appendicitis that
was not present, or was present at a lower level, in the fluid samples
from patients who did not have appendicitis; and
identifying said molecule as being differentially associated with
appendicitis, thereby discovering a molecule differentially associated

with appendicitis.
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13.

14.

15.

A method according to claim 11 or 12, wherein said fluid samples are

blood samples.

A method according to any of claims 11-13, wherein the amount of
said molecule in plasma of said patients who have appendicitis is
determined compared to the amount of said molecule in plasma of

patients who do not have appendicitis.

A method according to claim 14 wherein the molecule differentially
associated with appendicitis is selected from the group consisting of
unigue structural proteins of the gastrointestinat tract, stress-related
inflammatory mediators, immunologic factors, indicators of intestinal
bacterial flora, Plasminogen Activator Inhibitor-1, fatty acid binding
proteins, nuclear factor kappa beta (NFKB), specific appendix
antigens (HLA-DR), inflammation-associated antigens, and nucleic

acids coding for any of the foregoing.
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