METHODS AND DEVI CES FOR DI AGNCSI S OF APPENDI CI TI S
CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] Thi s
application clains priority to U. S. provisional
application Serial No. 60/590,631 filed July 23, 2004.
BACKGROUND OF THE | NVENTI ON [ 0002] Appendicitis is a
comon acute surgical problem affecting human bei ngs
of a wide age range. There are approxi mately 700, 000
cases annually in the United States. A |arge

pr opOMETHODS AND BEVOCES'FOR DIAGNUSISCOBARRENDICITIS.
An accurate diagnosis at a sufficiently early stage is
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people every year by inaccurately diagnosing their problem or by delaying the
accurate diagnosis. In cases of appendicitis, delays in diagnosis are the single most
important factor leading to worsening of the condition and more complications
related to the disease. The misdiagnosis of appendicitis can lead not only to



[ 0006] The typical pathogenesis in appendicitis begins
W th obstruction of the |lunen, although an initial
i nflammati on of the organ can precede and even
contribute to the obstruction. The secreted nucus of
the appendix fills the closed | unen, causing an
increase in intralunenal pressure and distension. The
urine@cessaRe Surigeyr it alsartaldefayesf puoper dleeTapy fordice atteal underlying
of _capillary perfusion pressure, resulting in
c998itiPlr bat i on of normal |ynphatic and circul atory
drainage. Utimtely the appendi x can becone i schem c.
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O%Hlﬁ'\?ﬂ%{?nﬁﬁt}g@%@ﬁg@% hy. Procedures can include, for
exanpl e, | aparoscopi c exam nati on and expl oratory
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23.2 percent in wonen (Neary 2001) .

[0011] Myel oi d-rel ated Protei f Coan ex 8/ 14 (NVRP-8/14)
is a heterodineric



conpl ex associated wth acute inflammatory conditions

(for review see Striz and Trebi chavsky, 2004). The

conpl ex belongs to the S100 superfam |y of proteins

and is also referred to S100A8/9, L1, nacrophage

inhibitory related protein and cal protectin. The
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for diagnosi ng appendi citis in a patient
mhhfmetsalné()p@l rkhgdhet @t 208Rst one cl assical synptom
of appendicitis in said patient and identifying the
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associated with appendicitis in a fluid or tissue
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nfiEEARRE e el bP AR Bielh ATHROGS Minbt lBdtornls. Alo
the present invention have been shown to provide
I mprovenents in correct diagRosis, with alnost no
fal se positives and few fal s& negati ves.




[0017] The term"differentially associated” wth
respect to a nolecule "differentially associated with
appendicitis" refers: (1) to a nolecule present in a
patient with appendicitis and not -present in a patient
not having appendicitis; (2) to a nol ecul e whose
relative level (anmount) is distinguishing between
th%rmemﬁ isiriot alwaayd associatpy evitti apipbitanisiiSinfections (foblaad) M.F., et
lprgggp or present at a level, in conjunction wth
esence of other synptons of appendicitis, that
is diagnostic of appendicitis; and/or (4) to a
[0018} c uHeptoglebenis ancicufy pisasetprateirathatiots free hemoglobin following
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of appendicitis include: pain in the abdonen; pain
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pain in the abdonen worseni ng; tenesnus

meﬂ@érqrmgamn PRGN (e e6aln@PB3t-he bowel s): high fever;
and | eukocytosis. Increased plasma viscosity is also

[0BF8PCT Fhedoiyith aRBRBNY Giabhose AHEPARILRITASLM Bogreatly t he
i nvention at | east two or nor

augsperited by thesidgpiificatiem of mplegules @G’Kﬁ@?ntw"b ﬁ‘ésczé%'ﬂiei’i Wit
éﬁ%dﬁ? & invention patients are screened to determ ne
er or not they have an "interfering condition,"
i.e., another condition in which the nolecule is
present in the type of sanple being tested. Patients
are tested for the presence of the nolecule if they do

not have such an SOMMARYIORTHENNVENTIONOr are tested
for the presence of appendicitis-diagnostic |evels of
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th&rdiamosisgf aga@,mfil@t'ﬁtscsrbﬁ Fwhiangdhatdt is oftap misdiagraspdp s the
qu @i@@ﬁ ) r&%éfﬁb ’asQ@EH ‘H@Fbﬁﬁ HBésSnotﬁfe%@%aﬁfﬂPﬁieﬁn d?db‘i‘\osmg
Td anp e can be or tissue,
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l;
PrEBeitlucifith Aoy Boer snOiff oG I RPOVBIGA| A cBftetii@ignosis
witie Blomast neﬁalsm gosifiez2aid fewdalseaegativasent of this
invention two or nore nolecules differentially
associated with appendicitis are tested for.
Identification of additional nolecul es provides
greater accuracy to the nethod.
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[0023] One nol ecul e differentially associated with

appendicitis is MRP-8/14. Another is haptogl obin. Both

t hese nol ecul es can be tested for in diagnosing

appendicitis. [0024] MRP-8114 | evels in the range of

about Ito about 11 pg/m are present in patients

W t hout appendicitis. Levels higher than this provide
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apperidisitiserenuefieeably protais antigensg f or MRP-8/ 14 and
hapt ogl obi n. Methods for testing for the presence of

[db“l@t ﬁ: @Iz?s%idi?sﬁﬁ&om%%pbé’ndlaﬁs ictudel 9&3@] %@U@H&\dﬁam that

s 1 nventlon I nvol ving o talnln |rst sanp

startemear {hetriavalt thengpevasda tog lovey mbt %H?ﬁé?f&uoéil g abdomen;
o PRI M) oA Bbast s

startingesfter onsétuad | |pagl wnamgustgmag Qﬁ@@f@ef ofupain; d'iontlii"lgsue

o3 Roed BL1ag8 andRbn"Ghon MOBESAD s BEp1Eg:nabity t

pé$§gasa IsegrEde févemaladdrimnabsvgmnnge painvin rechbdanten wmseamg

Sielnalfto BB hb i DuRRIHibh Rlvef MAGHRIRRR.

Ir@?@dsﬁéalmmémSm? m.dalw dséduiatad sathpippend;utuasintooe@ﬂhn:hment
l ey RS RS] a{ t{ S identified.

otaﬁasérmﬁnew ot lepa{ tRcrsRerg Ry TpLT® Al aPRad i ertS

identifying the presence of t hat nol ecul e, or presence
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Y, ni Sy are undergoi ng surgery for
p§w@§%@ éd”%%%%ﬂ %51% I's; determ ning during surgery
whet her each said patient has appendicitis or not; and
anal yzing said sanples for t presence of a nol ecul e
differentially associated w tth appendicitis. The
sanpl es can be bl ood sanpl es or sanples of appendi x
ti ssue. This nethod can al so include determning the
amount of each nolecule found to be differentially
associated with appendicitis in the sanple. In one



using test devices, e.g., cartridge test devices and

di pstick test devices, and/or other neans for

determi ning the presence or absence of a nol ecul e

differentially associated with appendicitis, e.g.,

perform ng western blots, northern blots, ELISA tests,

protein function tests, PCR and ot her assays known to
[0021] arA sampld ext beng floiol mduhm anidfdaarcentairawhgle blood, plasma,

associated with a nd| s t hat I {,d
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tlsBaébﬁdlfé‘ca%érhpléﬁmﬁhwfédSefoasmyiagthat test for the

rel ati ve amount of the nol ecule present in patient
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PreY ??18’35 rchgraﬁ)ﬂ eFfE? " and hospital assay devices
such as the Synchron LX system of Beckman Coul ter can
[0D23]us eOné ongiecule dﬁetdnﬁaﬂymmmate‘d witit apperidicitid ie MIRP-8/14.
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results wth a photograph or other representation of
results froma person not having appendicitis. Test

devi ces havi ng nmeans for nasking non-appendicitis

| evel s, e.g. a support having the sanme col or or tone
as indicators show ng non-appendicitis levels, or a
filter having the sane color or tone as a

SWOM ?bﬁcﬂ:&ﬁ@ drvarlaly Yy thBakecomd é(nthh@h%hmples so as to detect
appendi citis-indicatjng Ievgﬁs of the no
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f1urds "havi ng background | evel s of the nolecul e

they miolasulenin the firstsaands. dherey diaapesing aprengdigitis. fandidate
m‘5 c9fe§q?r5tg§%?% sad?%é?ﬁlgldqgr%leﬁbl% %Tf%réﬁlaﬂy §§éb°c?a?é’d with
e hod

ove can
am@dlqnmnua@e pmgue§§ru¢igratl REoteing @ﬂthmgaétrﬁ@éﬁ%lnﬁlﬁmﬁh strgss-
reﬁzﬂgd ﬁ\rﬂ%mn*?é{{i& rﬁédlgwré rﬂHuﬂB{l\Ef f&@t@H 'nr\cdtt%%r’s%@mté fnal bacterial
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flc{rGOBE‘ﬁmmagbody:tlsatppmmltatoaﬁ efalty aoid hindingprogeins, nuclean factor
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anttigehs xardl puddit acide doding forranydd ¥hecfosegeiing.hi s i nventi on,
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adtioRiitetbwiRh abb@oﬁ@ﬁ@ rMiheasahiphsedoan tse blobd sampleseor sihples of
i ndi cat or nmeans can. al so i nc ude t est ndow througﬁ

appanck Ysss( Ha Mathasbeanalse s deterpiaing Mg amgy of ea

m%fé‘é% folnd Hﬁoé‘&?ﬁe?éiﬁah&eaéé‘beﬁtédlﬁntﬁ apseridigtis |h€th§ e@maré In one
antib %szln an enbodinent of this i1nvention,

embpdiment otibe|inienipn Jelleyving fdenylicatinn ohte TBSWU'@% tipgue, itis
aIQB 'H?—frh:ﬁé@ln &?}srﬁ?' s %Ires 'tl’ﬂat %Em%@%@'b%@tbé)tfakéﬁ‘frém patients

I nvent1 on, irst antibody is clonal or a
suspectedaf haviag@Eppeagicitadena ameigntof MP?%Celegbﬁgfseﬁﬁllwde
oSRHFSERIRSpRORTA BB ASRAN AR ar e rose
who dbarotist alsmdetelroimed. or pol ycl onal anti body whi ch

binds to a different site of the nolecule or binds to

f .

00281158 rARRHAERY b g dbiandfs Moo e
uﬁa@t@h devices, mmm@e testidenioas egd dipstielptesteniees, and/or other
m{é%ﬁ rde%rmngﬁ'!éq&l%?e Sc’acc?rraﬁgh&y Sﬁ @%‘bﬁﬁfeednﬁ‘ééﬂtléﬁl}om
assdoEle@@ih appeRBiitis eogeperfdrodigwesteot blptsi soithera lateELISA

o B B oGS Sl o b ) 5 s

nmmrésailffrgenﬁ‘dll?tasmatsdf\m’ah dppendicilis ahatiane pressatipl patients

Lpt t The test .d |
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for iee mtvelaﬁﬁndl{rﬁ) gﬁtﬂe)m@lsalilefprmm ﬁitbdmeﬁi fiulds ontissaks as well as
means can include c

anti_gens d.to a su
AP BT QI IGEIHISAIE BoMifads CATHORdRuRgRSSAS can be

confirm ng proper flow of sanple fluid through the
test device. Alternatively, the flow control neans can
i nclude capture antibodies in the control region which
capture the detection ant i bodi es, agai n indicating
that proper flowis taking place within the device.
[ 0037] Met hods for detecting the presence of a nolecul e
differentially associated with appendicitis using the
foregoi ng devices are al so provided, the nethods



[ 0040] Fi gure 2: MRP-14 western blot anal ysis of nornal

(N) and di seased (A) tissue. The nunbers are sanple ID

nunbers. Ml ecul ar weights are shown in kil odal tons.

[0041] Figure 3: MRP-8 western blot anal ysis of nornal

(N) and di seased (A) tissue. The nunbers are sanple ID

nunbers. Mol ecul ar wei ghts are shown in kil odal tons.
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aBORS Prédeht r palBhisewilvus apsatdastento mmhmwﬁémm or not the
patients not _having appendicitis. [0043]Figure 5:

patigpt BasBPRENSHFS- el ect rophoresi s i mage of proteins in
depl eted serum sanples from (A) normal and (B)
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subunlt 0045[+igure 7 I obi n
deiestmg tinding of thaafpstogomlanalvesp@veiomlcﬁntlm vigh thegpolecule.
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molecule or to the antibody of the complex.

[0032] Test devices can be in the form of cartridges, dipsticks, or other
conformations known to the art. The test device can also 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.

[0033] 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 by any means
known to the art. It can include comparing sample results with results from a second
sample taken from a person known not to have appendicitis, or comparing sample



[0046] The verm form appendi x i s recogni zed as a

separate organ fromthe large and small intestines. It

extends as a finger-Ilike pouch fromthe base of the

ascendi ng colon, which is also called the cecum The

appendi x, like the large intestine, is hollow and

conposed of the sane three tissue |ayers. These three
rdsaifewith arphotograstoseothetepresentatioaof resulte frosea patisen not having
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vegetable and fruit seeds, and intestinal worns |ike
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i ncluding the appendi x, is very susceptible to
i npai red bl ood supply. Thus nmucosal integrity is
conprom sed early in the process, allow ng bacteri al
i nvasi on of the deeper tissue layers. This bacterial
i nvasion |eads to appendiceak;destruction and system c
|'i beration of various bacterical toxins. Fever,
tachycardi a, and | eukocytosi s devel op as a consequence
of this system c release of dead tissue products and
bacterial toxins. As progressive appendi cea
di stention rises, encroaching on the arteriolar



experience a nonspecific disconfort usually in the md
portion of the abdonen. This disconfort can be easily
confused with conmon ail ments such as indigestion,
constipation or a viral illness. Continued appendi ceal

di stention is al so acconpani ed by sone nausea and
frequently vomting. Rarely is the vomting severe or
[0036%! ent bng enW@daiiemexf tHioingestian Gha:san‘\ple itohe wssayed is a liquid,

il t Lat
ali oe drnqessay feet davag 50, Blarp Mol e Sl FE R inf meaps for
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enfgrgevtyt rbemp er éurgetye chthetbanl requmngtsdmimgethe apapmomi dhengample
aseve@glg tion. This infection will usually I|ead
t § S§PPIRS [APOEIOWnt r a- abdomi nal abscess or phl egnon and
can produce generalized sepsis. [0054] To identify
[omagc ul B dbvidesrafhis ivientiers arecisefi dontestingthbp @bavemeangioned
rot eqm c RO
i P orR A Rt 8. W9 REL b ARRERIaRY associated
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rrel.ative. nature of this, co
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puRciiPé bEhEr Physitappatigmicalgnocsssi kniowingto théBr8/ 14 i s
significantly elevated (p<0.02) in patients with

Apparent. appendPRI DEyRRRTIANDRTHE HIEURRET 2, 1"

i nflammation. The source of MRP8/14 in the serumis
[0039]i nfFigonedi: a'mmdumenstanabelectro‘ﬂhosesnsinmg@fsnr@tﬁtns\)fmnh (A)
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gyll fate and specifically carboxylated glycans
(Robi nson et at, 2002). The intracellular si gnal
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tiJOUE VRHe nurmbers aed samplef§IDVitimitd AMuletilapwaigbtsydreshown in
|ncreases bi nding activity of the integrin receptor
kilpdaPnep1s. This is one of the major adhesion pat hvvays
of | eukocytes to vascul ar endot hel i um (Ryckman et al.
2003). It is believed that thlg) MRP-8/14 utilizes the
receptor for advanced glycation end products (RAGE).
A relative of MRP-8/14, 8100Al 2, is a specific |igand
of RAGE expressed by endothelial cells and their

i nteraction activates NF-kappa B binding in these
cells (Hsieh et al., 2004). The NF-kappa B binding



[ 0056] Neutrophils are white blood cells that are the
first to mgrate fromthe circulation into sites of

i nflammati on. Wthin neutrophils, constituting

approxi mately 40% of total cytosolic proteins is the
MRP- 8/ 14 conplex. This protein is specifically
expressed only in cells of macrophage |ineage, making
[ob4epd mgnﬁec:ytmapwweaem Blbyamaiysns/at retrmah (M )opritadjssased (A)

ot he ote i al vvhlt | 00 rce
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contair ni engage the offendin
welghtaiaresshoWhiis kilorpdigaseiite aipha and batlal subppits,are 130 kd and 38 kd,
VRP- 8/}4 cell death and the |iberation of MRP-8/14
rq‘SPSH% &% her the cytosol or cell nenbrane into the
patient's circulation. At the same tine, the mucosal
linings of the appeﬂﬁTAIMEDIDE$ﬁRtP'E|@Nor oduce and
rel ease MRP-8/14 to facilitate macrophage migration or
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clinical marker for acute appendicitis. As patients
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[0061] Exanmple 1. MRP-8114. [0062] The objective of

this study was to identify a tissue-specific marker

that could contribute to the decision matrix for

di agnosi ng early acute appendicitis. A proteomc

screen was used to identify a protein in the appendix

specifically upregulated in acute appendicitis.
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[0049] The mucosa of the gastrointestinal tract, including the appendix, is very
susceptible to impaired blood supply. Thus mucosal integrity is compromised early in
the process, allowing bacterial invasion of the deeper tissue layers. This bacterial
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8/14 in the serum is the inflamed appendix tissue. This is consistent with the known
functions of MRP-8/14.

[0055] The role of MRP-8/14 in inflammation is not fully understood but it does
seem to play a vital role in retaining Ieukocyfes in microcapillaries. Extracellular
MRP-8/14 interacts with endothelial cells by binding to heparin sulfate and
specifically 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
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end products (RAGE). A relative 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 expression of many proinflammatory molecules, such as various cytokines
or adhesion molecules. Thus, release and extracellular functions of S100 proteins
represent a positive feedback mechanism by which phagocytes promote further
recruitment of leukocytes to sites of inflammation. Taken together, these proteins
appear to play a role in a fundamental inflammatory response in certain inflammatory

conditions, and are excellent markers of appendix tissue inflammation.

[0056] Neutrophils are white blood cells that are the first to migrate from the
circulation into sites of inflammation. Within neutrophils, constituting approximately
40% of total cytosolic proteins is the MRP-8/14 complex. This protein is specifically
expressed only in cells of macrophage lineage, making blood monocytes and acutely
activated macrophages other. potential white blood cell sources of these proteins.
MRP-8/14 is not usually expressed in lymphocytes nor resident macrophages or
those macrophages involved in chronic inflammation. These two proteins are also
known to be independently expressed by mucosal epithelium in specific states of

acute inflammation.

[0057] In the case of appendicitis, the luminal obstruction and the resuitant
distention of the appendiceal wall triggers an inflammatory response. The circulating
neutrophils 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 MRP-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 is produced directly from vascular
epithelium such as that lining the blood vessels within the appendix.
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[0058] Regardless of its role in certain inflammatory conditions, MRP-8/14’s
abundance within cells of acute inflammation makes it an excellent detector and
monitor of acute appendicitis. The first step in the inflammatory process is the
recruitment of neutrophils and macrophages to a specific site. In our study, the
specific sife is the appendix, where those MRP-8/14-containing cells will engage the
offending stimulus. This engagement will usually result in MRP-8/14 cell death and
the liberation of MRP-8/14 from either the cytosol or cell membrane into the patient’s
circulation. At the same time, the mucosal linings of the appendix will start to
produce and release MRP-8/14 to facilitate macrophage migration or inflammatory
amplification. This process will then escalate as increasing amounts of MRP-8/14
cells are recruited by the appendicitis to ultimately release more MRP-8/14 into the
circulation. Other examples of inflammatory states causing increases of extracellular
MRP-8/14 and the tendency of these increases of MRP-8/14 to correlate with extent
of inflammation are known. Specifically, chronic bronchitis, cystic fibrosis and
rheumatoid arthritis are all associated with elevated serum levels of MRP-8/14 and
the severity of these diseases is generally proportional to the serum levels of MRP-
8/14 detected.

[0059] 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 usually 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
advantage for diagnosing appendicitis, as viral infections are one of the most

common imitators of appendicitis.

[0060] Haptoglobin was also identified in this invention as a useful marker for
appendicitis. A differential proteomic screen of depleted serum identified haptoglobiﬁ
as a marker for appendicitis. A second differential screen of appendix tissue
confirmed that haptoglobin is upregulated in the appendix tissue of patients with
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appendicitis. This finding was confirmed by western blotting of tissue protein. In
particular the alpha subunit isoforms were present only in diseased tissue. Since
haptoglobin is a plasma protein, it is highly valuable as a biomarker for appendicitis.

EXAMPLES
[0061] Example 1. MRP-8/14.

[0062] The objective of this study was to identify a tissue-specific marker that
could contribute to the decision matrix for diagnosing early acute appendicitis. A
proteomic screen was used to identify a protein in the appendix specifically
upregulated in acute appendicitis. MRP-8/14 was identified as present both in the
diseased appendix and in serum of acute appendicitis patients.

[0063] MATERIALS AND METHODS

[0064] 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.

[0065] Exclusion Criteria: Any patients with pre-existing chronic inflammatory
diseases such as asthma, rheumatoid arthritis, inflammatory bowel disease,
psoriasis, or neutropenia. Pregnancy was also considered an exclusion criterion.

[0066] An investigator counseled all patients about the study and informed
consent was obtained. At the time of informed consent, the subject was assigned an
identification number and non-personal demographic and clinical information was
obtained (age, sex, race, duration of symptoms, white blood count (WBC), results of
imaging studies, etc). At the time of surgery, following induction of general
anesthesia, a whole blood sample (5-10 cc volume) was obtained via peripheral
venopuncture. This blood specimen was then placed on ice. As soon as possible, a
small sample (approximately 1 gram) of inflamed appendix was taken from the
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pathologic specimen and also placed on ice. The iced blood specimens were then
centrifuged for 20 minutes at 3000 rpm and the separated serum isolated. This
isolated serum and the piece of appendix tissue were then stored separately, frozen
at -80° C.

[0067] 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.

[0068] 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 Zoom (Invitrogen)
protocol for 2D Gel analysis. Equal quantities of protein were analyzed on each gel.

[0069] Comparisons between negative serum gel and positive serum gel were
made to determine which proteins were present in positive samples and absent in
negative samples. Candidate gel spots were identified and submitted to MALDI-TOF
protein identification analysis (Linden Biosciences).

[0070] Western Blot Analysis of Extracted Appendix Tissue Samples. Samples
(10 ug) were subjected to standard Laemmli SDS-PAGE and proteins were
transferred to nitrocellulose membrane for western blot analysis using standard
techniques with chemiluminescent detection. Magic Mark Western Standard
(Invitrogen) was used to determine molecular weight. MRP-8 (Calgranulin A C-19,
Santa Cruz, SC-8112) was used in a 1:100 dilution in 0.5x Uniblock (AspenBio, Inc)
for primary antibody. The secondary antibody was Peroxidase anti-goat IgG (H+L),
affinity purified (Vector, PI-9500) in a 1:2000 dilution in Uniblock. MR-14 (Calgranulin
B C-19, Santa Cruz, SC-8114) was used in a 1:100 dilution in 0.5x Uniblock for
primary antibody. The secondary antibody was Peroxidase anti-goat IgG (H+L),
affinity purified (Vector, PI-9500) in a 1:2000 dilution in Uniblock.
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[0071] 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.

[0072] RESULTS

[0073] 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 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.

[0074] The proteomic approach was to compare a pool of 4 normal samples with
a pool of 4 appendicitis samples using two-dimensional electrophoresis. Figure 1
shows the 2D profile of proteins analyzed. Comparison between the gels was
performed and the most obvious difference is indicated in Figure 1B as AP- 93.
Based on the gel in Figure 1, the molecular weight of AP-93 is approximately 14
kilodaltons. The corresponding gel slice was analyzed by MALDI-TOF and a positive
identification was made. The identification was based upon spectra of two tryptic
peptides, NIETIINTFHQYSVK [SEQ ID NO:1] and LGHPDTLNQGEFKELVR [SEQ
ID NO:2]. The peptides correspond to the underlined residues in the following amino
acid sequence of MRP-14 (GenBank Accession Number P06702):

[0075] MTCKMSQLERNIETINTFHQYSVKLGHPDTLNQGEFKELVRKDLQNFLK
KENKNEKVIEHIMEDLDTNADKQLSFEEFIMLMARLTWASHEKMHEGDEGPGHHH
KPGLGEGTP [SEQ ID NO:3].

[0076] 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.

[0077] 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
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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 samples. This data confirms the proteomic screen
data and shows that the protein is an indicator of diseased appendix tissue.

[0078] Since it is known that MRP-8 exists as a dimer with MRP-14, tissue
specimens were also examined for the presence of MRP-8. Figure 3 shows the
western blot data using an anti-MRP-8 antibody on the normal and diseased tissue
samples. As expected, MRP-8 is present in all of the diseased appendix samples
and not detectible in the normal appendix tissue. These western blot data show that
the MRP-8 and MRP-14 proteins are markedly more abundant in appendicitis than in

normal appendix tissue.

[0079] Elevated Serum Levels of MRP-8/14 Patients with Acute Appendicitis. The
high correlation between appendicitis and the presence of MRP-8/14 in the appendix
led us to examine the MRP-8/14 levels in serum of those patients and other patients
subsequently added to the study. The sera were collected before surgery, banked
and analyzed after the disease status was known. MRP-8/14 levels were measured
using a sandwich ELISA specific for the complex.

[0080] Table 1 lists serum MRP-8/14 levels for 39 patients as 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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TABLE 1
Sﬁmgf’, Clinical Diagnosis Pathology Grading Frsg?;';ff
1 Advanced Appendicitis Mild Acute Appendicitis 2 2.80428
2 Normal Appy Normal 1 0.960805
3 Advanced Appendicitis Transmural Appendicitis 3 5.554904
4 Perforated Appy Perforated Appy-Necrosis 4 6.53813
5 Early Appy Mild Acute Appendicitis 2 4.562059
6 Early Appy Mild-Acute Appendicitis 1 2.881124
7 Horrible perforated Perforated Appy-Necrosis 4 7.906886
8 Normal Appy Mild Acute Appendicitis 2 3.971488 |
9 Early Appy Transmural Appendicitis 3 3.83328
10 Advanced Appendicitis Transmural Appendicitis 3 3.566665
11 Appendicitis Mild Acute Appendicitis 2 3.205335
12 Appendicitis Transmural Appendicitis 3 5.51224
13 Advanced Appendicitis Transmural Appendicitis 3 2.92671
14 Advanced Appendicitis Transmu;la ;Qg;s)?sndlcms w 4 3.866306
16 PERFORATED Transmural Appendicitis 3 4.54657
16 Advanced Appendicitis Perforated Appy 4 7.01877
17 Advanced Appendicitis Transmural Appendicitis 3 4.25998
18 Appendicitis Transmural Appendicitis 3 6.90312
19 Normal Appy Normal 1 0.838679
20 Normal Appy Normal 1 0.590095
endicitis with Peri a
21 Early Appy hee changers ) |3 1.682291
22 Normal Appy Normal 1 1.128849
23 Advanced appendicitis Transmural Appendicitis 4 2.338583
24 Normal Appy Normal 1 2.478035
25 Hot appy 2.807046
26 Perforated Perforated 4 4.954136
27 Normal Normal 1 0.918438
28 Hot Hot 2 4.387589
29 Early Transmural Appendicitis 3 4.015013
30 Hot Transmural Appendicitis 3 2.460902
31 Normal Normal 1 0.594943
32 Hot Transmural Appendicitis 3 4.211086
33 Perforated Transmural Appendicitis 4
3.835219
34 Normal Normal 1 1.968859
35 Perforated Transmural Appendicitis 4 4.126198
36 Advanced Transmural Appendicitis 3 2.423726
37 Hot Appy Transmural Appendicitis 3 4.178647
38 Early Transmural Appendicitis 3 9.584398
39 Normal Transmural Appendicitis 2 2.835339
[0081] 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
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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.
[0082] Example 2. Haptoglobin.

[0083] Using a proteomic screen of serum and appendix tissue, we determined
that haptoglobin is upregulated in patients with acute appendicitis. The alpha subunit
of haptoglobin is an especially useful marker in screening for the disease.

[0084] MATERIALS AND METHODS

[0085] Specimen and serum collection, appendicitis tissue processing, 2D gel
analysis of extracted tissue samples, and western blot analysis of extracted
appendix tissue samples were as described above in Example 1, except that for the
western blot, affinity-purified anti-human haptoglobin (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 IgG (h+), affinity purified (vector, pi-
1000) in a 1:5000 dilution in uniblock.

[0086] RESULTS

[0087] 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 peﬁorated 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.
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[0088] 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 MALDI-TOF. The resulting two peptides have the following
sequences: TEGDGVYTLNNEKQWINK [SEQ ID NO:4} and
AVGDKLPECEADDGCPKPPEIAHGYVEHSVR [SEQ ID NO:5]. The sequences
were aligned with the alpha subunit of haptoglobin. The sequence of haptoglobin
precursor (GenBank Accession Number NP005134) is shown below with the tryptic
fragments underlined.

[0089] MSALGAVIALLLWGQLFAVDSGNDVTDIADDGCPKPPEIAHGYVEHSVR
YQCKNYYKLRTEGDGVYTLNDKKQWINKAVGDKLPECEADDGCPKPPEIAHGYVE
HSVRYQCKNYYKLRTEGDGVYTLNNEKQWINKAVGDKLPECEAVCGKPKNPANPV
QRILGGHLDAKGSFPWQAKMVSHHNLTTGATLINEQWLLTTAKNLFLNHSENATAK
DIAPTLTLYVGKKQLVEIEKVLHPNYSQVDIGLIKLKQKVSVNERVMPICLPSKDYA
EVGRVGYVSGWGRNANFKFTDHLKYVMLPVADQDQCIRHYEGSTVPEKKTPKSPV
GVQPILNEHTFCAGMSKYQEDTCYGDAGSAFAVHDLEEDTWYATGILSFDKSCAV
AEYGVYVKVTSIQDWVQKTIAEN [SEQ ID NO:6].

[0090] Figure 6 shows the two-dimensional electrophoresis profile comparison
between diseased and normal appendix tissue 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-aipha.

[0091] 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 sample and absent from all of the normal tissue
samples. This data confirms the proteomic screen data and shows that the protein is
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an indicator of diseased appendix tissue. The alpha subunit has higher specificity
than the beta subunit.

[0092] Example 3. Method of identifying molecules using fluid samples.

[0093] In variations of this example, fluid samples can include whole blood,
serum, or plasma. The samples are whole blood collected from human patients
immediately prior to an appendectomy. The specimens are placed on ice and
transported to the lab. The blood is then processed by centrifugation at 3000 rpm for
15 minutes. Plasma is then separated by pouring into another container

[0094] Upon performing an appendectomy, a patient is classified as having
appendicitis (AP) or non-appendicitis (NAP). The classification is based on clinical
evaluation, pathology, or both as known in the art. For cases of appendicitis, the
clinical condition is also characterized as either perforated or non-perforated.

[0095] The samples from 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.

[0096] Next, the pooled aliquots of AP and NAP samples are each subjected to
two-dimensional gel electrophoresis as known in the art. The resuits 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.

[0097] The further characterization can include partial amino acid sequencing,
mass spectrometry, and other analytical techniques as known in the art. A full length
clone of the gene corresponding to the partial amino acid sequence can be isolated
and expressed as a recombinant protein. The recombinant protein can be used as
an antigen for detection. Alternatively, a partial or complete recombinant protein can

be used to induce or otherwise generate a specific antibody reagent, polyclonal or
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monoclonal. The antibody reagent is used in the detection of antigen in a patient so
as to aid in appendicitis diagnosis. A combination of antigenic molecules can be
employed in appendicitis diagnosis.

[0098] Example 4. Method of identifying molecules using tissue samples.

[0099] Tissue samples are collected from appendicitis (AP) and non-appendicitis
(NAP) patients. Preferably the tissue is the appendix. The AP or NAP tissues
samples are optionally pooled so as to generate an AP tissue pool or an NAP tissue
pool. The AP and NAP tissue samples are each used as a source for isolation of
total RNA and/or mRNA. Upon isolation, the AP-RNA and NAP-RNA are maintained
separately and used for preparation of cDNA.

[00100] A subtraction library is created using techniques available in the art. A
cDNA library is optionally amplified. The cDNA library 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).

[00101] 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 protein. Such a protein is then
used as an antigen for detection. Alternatively, a partial or complete recombinant
protein can be used to induce or otherwise generate a specific antibody reagent,
polyclonal or monoclonal. The antibody reagent is used in the detection of antigen in
a patient so as to aid in appendicitis diagnosis. It is envisioned that a combination of
antigenic molecules can be employed in appendicitis diagnosis

[00102] Example 5. Method of appendicitis diagnosis by evaluation of plasma

sample viscosity.

[00103] Whole blood is drawn from a suspected appendicitis patient immediately
prior to appendectomy. The specimens are placed on ice and transported to the
clinical lab. The blood is processed by centrifugation at 3000 rpm for 15 minutes
followed by separation of plasma from the sample by pouring into another container.
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[00104] During the step of pouring, the samples are evaluated with respect to
viscosity. Increased viscosity is indicative of appendicitis. Approximately 80% of
samples corresponding to appendicitis cases demonstrate increased 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.

[00105] 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).

[00106] The presence of increased viscosity in plasma 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 without
differential, urinalysis (UA), computed tomography (CT), abdominal ultrasonography,

and laparoscopy.

[00107] All references throughout this application, for example publications,
patents, and patent documents, are incorporated by reference herein in their
entireties, as though individually incorporated by reference, to the extent each
reference is at not inconsistent with the disclosure in this application.

[00108] Where the terms “comprise”, “comprises”, “comprised”, or “comprising” are
used herein, they are to be interpreted as specifying the presence of the stated
features, integers, steps, or components referred to, but not to preclude the
presence or addition of one or more other feature, integer, step, component, or

group thereof.

[00109] The invention has been described with reference to various specific and
preferred embodiments and techniques. However, it should be understood that many
variations and modifications may be made while remaining within the spirit and
scope of the invention. It will be apparent to one of ordinary skill in the art that
compositions, methods, devices, device elements, materials, procedures,
techniques, and embodiments, and variations respectively thereof, other than those
specifically described herein can be applied to the practice of the invention as
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broadly disclosed herein without resort to undue experimentation. All art-known
functional equivalents are intended to be encompassed by this invention. Whenever
a range is disclosed, all subranges and individual values are intended to be
encompassed. This invention is not to be limited by the embodiments disclosed,
including any shown in the drawings or exemplified in the specification, which are

given by way of example and not of limitation.
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3. The use of the immunoassay according to claim 2 in combination with

the identification of two or more said symptoms of appendicitis.

4. The use of the immunoassay according to claim 1, wherein is the

sample is a blood sample.
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CLAINS 1. Th of an i nmunoassay capabl e of
detegi?ﬁsﬂyﬂgaﬁﬁggence of MRP8/14 for diagnhosing
appendicitis in a patient suspected of having
appendicitis, wherein appendicitis is diagnosed in the
patient when the presence of MRP8/14 at a | evel higher
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of : @%'%%%&%@Mn; pain that starts near the
navel , then noves to the lower right quadrant of the
abdonen; anorexia (loss of appetite); trouble eating
acconpani ed by sl eepi ness; nausea starting after onset
g0of PghB; LYOBf IHRIjMbRINbEESa R dRbrdiRg &b, EhiRar Niwherein said
vom ting acconpani ed by fatligue; constipation; small
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| ncr gaAfes; PHASKEINEsEREE iclices- inflamnigenPhowi disease; skin
I mmunoassay according to claim2 in conbination with

t he cdecer pededontitisppra-aolaipsimrandsAlRS.synpt ons of
appendicitis. 4. The use of the i Mmunoassay accordi ng

to claim1, wherein is the sanple is a bl ood sanpl e.

5. The use of the i nmunoassay according to claiml,

wherein said sanple is a plasma sanple. 6. The use of |
9t he Thewse®stheimmpuneassay acsording te any prrGeding daimy wherein

san'pIaF iesés? Sﬁéug‘dﬁﬁi@%?' molecule differentially associated with

appendicitis is tested for.

10. The use of the immunoassay according to claim 9 to test for the
presence of MRP8/14 using antibody 27e10.
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7. The use of the immunoassay according to any

preceding claim wherein the patient is not known to
have an interfering condition associated with the
presence of said nolecule in a sanple of the type in

whi ch said nolecule is tested for. 8. The use of the

I mmunoassay according to claim?7, wherein said
interfering condition is selected fromthe group

consi sting of recent allograft; septicaem a;
19BN L UsE 'of EMITRTN SasdayRRicorIiAG teany PRIGEEINY daim, wherein
arthritis; gastrointestinal cancer; inflammtory bowel
di seasleyvek of IMBER8M¢, higher dhant abew, 1preg/ad| ahPiRR;8/14 is
and Al DS. ?. Fhe use .0of the i munoassay according to

any PA9RREH%G @P%?Wﬁc' erein at |east one additiona

nol ecul e differentially associated with appendicitis

is tested for. 10. The use of the i munoassay

according to claim9 to test for the presence of

P8L14 i Nt | : i
¥rmun B85 5 B PRGe S orsid o ARFPIRE IR0 G wherein
a | egelevef oVRARP-844hhigiher thBanabdwtuR01hgiodi of MRP-8/14 is
MRP-8/ 14 is diagnostic of appendicitis. 12. The use of
t he PingnestsebhaPpRrdeili®ng to any preceding claim
wherein a |l evel of MRP-8/14 higher than about 20 pg/m
of MRP-8/14 is diagnostic of appendicitis. 13. The use
of the immunoassay according to any preceding claim

conprising testing for the presenge of haptogl obj.n .
1%hen Thestse Pt e t"ﬁ‘ér“m%éﬁgea?ﬁor 98&9[4? yl‘ﬁ??esﬁdén%s%a'm’
of t REm ' BffaPtdBIdHin WHEH Risfing for the
|eveP8@P%§?§§mfdﬁqﬁ?B e%&tc%an 1 gdgng/dL IS test%d

f or. piedsentbef MRP8Bf14 he i rmunoassay according to claim
13, wherein a |l evel of haptogl obin higher than 150

ng/dL is tested for. 16. The use of the i mMmunoassay
according to claim9, wherein said at | east

14.  The use of the immunoassay according to claim 13, wherein a level of

haptoglobin higher than 139 mg/dL is tested for.

15.  The use of the immunoassay according to claim 13, wherein a level of

haptoglobin higher than 150 mg/dL is tested for.

16.  The use of the immunoassay according to claim 9, wherein said at least
one additional molecule differentially associated with appendicitis is
identified selected from the group consisting of: unique structural
proteins of the gastrointestinal tract, stress-related inflammatory
mediators, immunologic factors, indicators of intestinal bacterial flora,

Plasminogen Activator Inhibitor-1, fatty acid binding proteins, nuclear
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one additional nolecule differentially associated wth
appendicitis is identified selected fromthe group

consi sting of: unique structural proteins of the
gastrointestinal tract, stress-related inflammtory

medi ators, immunol ogic factors, indicators of

intestinal bacterial flora, Plasm nogen Activator
Inhibitor-1, fatty acid binding proteins, nuclear

factor kappa beta (NFKB), specific appendi x anti gens

( HLArJdrp kbggéaﬂaﬁt éRPKBﬁSesééﬁsdamwﬁném@m (HLA'DR)
nucl el ¢ aci coding for any of the foregoing. 17.The
use biflantmaiiomasseciat@yg antigendi agd noclsiaaeidsgoditgsfosiany of
said idﬁptitication of said nolecule is performed by

det efl§ 1969 AGc| ei ¢ aci d sequence coding for said

nol ecul e in said sanple.

17. The use of the immunoassay according to claim 16, wherein said
identification of said molecule is performed by detecting a nucleic acid

sequence coding for said molecule in said sample.
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