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WO 2007/126391PCT/SG2007/000118 1 Mucosa Dryness Condition Field
of the Invention The present invention relates to medical conditions. In
S e e e e o s rons
inflammatory disease characterized by a particular form of dry mouth and

dry eyes. It affects the lacrimal gland's ability to 10 secrete tears and
results in dry eye, salivary gland dysfuﬁction, causing dry mouth and
dryness in other mucous membranes such as the bronchial epithelium,
Mbe yadimAsketiiugesa. This loss of tear and saliva fluids may result
in characteristic changes in the eyes 15 (called aqueous tear deficiency or
keratoconjunctivitis sicca) and in the mouth with deterioration of the teeth,
Fratdessek araidptretion, difficulty in swallowing, and painful mouth.
However, dry mucosa may alsp be due tq other.causes classified under
IR REPRS ol OIS B CHRRANE TR v L4 Y Sl Present
inyeasioh delgedndammasian omiedectiondiiomgpothyroidism. Dry mucosa
conditions due 20 to any cause can affect both humans and animals such
as mammals. For the eyes, the lacrimal gland located in the orbit of the
Bk aenting @islyssesreteimsmall amounts of tear fluid that are released

to th f f th h h ver, [l ducts.
URHE SOULERE 3cks o1 B R ST R S s e zec by @
pefrifotikeafditm of Heyeraretfeandlgecinesigtisiffedty gyelandrimapgteantly ability to

discomfort which varies on an individyal basis is the ti
SR By S SPGB L by moutn
Aabesyneuairsutfarentacoagasst ar lsssos wisioxsisheob Lorochimhepitizlium, the
Dry eye s nqéome affects millions of people and its prevalence is
V@éﬁﬂ%?&gﬁ & ra@chéJﬁ As 11-22% of the general population with the
prevalence in Asia greater than in the West [1]. It is more common in

| 55 f d in females:. in Asi 5
O Bt R S S e SRR SRR e oy
(esiled digpEyu=terndblises@nut bensdotimnsnobsiissiqre eaddedtiemaeyth with
o] e f it i .
RS e POt el U0 Bealupo. an
dalmfudshioyibrielonepticaelemeso s thhew gisarediyeje didpeseesegpotassified

%fifqofr@%ﬁ{agc“e%iéﬁi%ﬁt lipsife %ﬁ@%&agsghzgfogt&aé%%%% Htain types

tear layer, Is some microns thick but has layers
afsdiolgsyinflanneatioosotipifeliiet, ormidméspidsm. IRye Mniwecsarmmiditions due
U Brstetdaielndoepppaiasied N Ralek rgaRGrER!
secretion deficiency and excessive tear 15 evaporation. Dysfunction of the

lipid layer of the tear film leads to excessive evaporation of tears. A mucin

e fefigigacyplten canse W“ﬁi&%%ﬁﬁﬁn%teww, srseRbiahuously

developing countries, 1t is rare. For therapeutic development by
pteetessitichicomminiestrardlyidybahare released onto the surface of the eye

through very small ducts. Dry eye syndrome can be defined as a loss of tear fluid

with accompanying abnormalities of the tear film. There are few objective signs of
dry eye and importantly, discomfort which varies on an individual basis is the
aspect that is most noticed by patients and which motivates them to seek help [1].

For severe cases, ocular surface damage and a loss of vision is not uncommon.
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20 Sjogren's dry eye is the primary target as it comprises the majority of

these patients. At present there is only one actual therapeutic drug on the

market, Restasis(r) from Allergen(r). The reasons for this paucity in drug
Wa20RIG3A&ht arise primarily from the lack of objective measur®§ HFGRIEXH0118

and therapedtic efficacy. 25Diagnosis of dry eye syndrome is typically

based on subjective symptoms, Schirmer test (evaluating quantity of tear

fluid), tear break-up time (evaluating gdality of tear film) and other less

common clinical tests including fluorescein staining, Rose Bengal staining,

WBVH&%@SWW@H& Ry ilgsevanshetry eshislied to be
SNoOW

hat correlation is poor between clinical tests WO

as(igimas id rRe % SEPsIRIsIal fPARITHMIBHREAP WIS BB (RAsIa greater

tiifererislivest sts IBsdhdidicalnmenke padfificolisicenseaienihgge and in
evaluation of therapeutic agents [5]. = As such, new and rov_?d
oRAIRRITBNGURRHI P A FABID AR IRY R EbARNRIng D6 aKelence

ideyesgyeifisaneighermaniaidhelisyrntiesiieprasent iaventontact lens
addresses the problems above, and in particular, provides 10 methods for

W&k Ssis and treatment of a medical condition. In general, the present
invention provides new method to diagnose dry mucosa condition in a

ubé'ect. In ?ne aspect, the present inyention relates to %ﬁ%] thod

A ] oo
THR GAUSRY TR 8 B P B IV S SUBRE YR adRseTtally tis due to
atosysiing preyithedasamlefdmnathbpsutiirdtirhntiecompatnghe cornea is the
expression of at least one bio erinthes le, the, at least one -
RO EIREREBLE R AP HE Dy SL1 COrGetg Bl h e brlag Saces Sood vision as
wail-acidplycppititeiof fifela¢tihenshitible Pratefiinid @ABySl GtAR;18408urface,
4. S100 All, von Ebner's gland protein, lactoferrin, lysozyme, proline-rich
AR R P T TR R UES A He YRS TR eitermost
lipide |sgtereDasideliecatiuapathéayespmet, Bxnpersenicimvéayiam doevalks i can be
ethod af determining the, severity of the condition,of.dry mucosa in .

R B P R R e S R A eRBssive toar
evappation th@iafitivetionpod dhieripitialdy @5 afciteg fempfitteils 8500 AXcessive
S100 A9, S100,A4, S10Q All, lactoferri sozyme, and/qr ftheif.ns
YRRIRIR b Gt B 1 ShntE Lo Mo Gl g Gl armin A
deficientzyahothevars peate phdéqrréseaitipirentonrgrimsdédsararethod of

monitoring efficacy 30 of a treatment for a dry mucosa condition in a

subject, the method comprising: providing a sample from the subject; and
Feontparappakipressietopfrearitdst pharina@eutical companies for dry eye, non-
188r7e/r112365?yl %Cy;g/lsset%%oyr?r%%}y}{%arget as it comprises the majority of these
patients. At present there is only one actual therapeutic drug on the market,
Restasis® from Allergan®. The reasons for this paucity in drug development arise

primarily from the lack of objective measures of dry eye and therapeutic efficacy.

Diagnosis of dry eye syndrome is typically based on subjective symptoms,
Schirmer test (evaluating quantity of tear fluid), tear break-up time (evaluating
quality of tear film) and other less common clinical tests including fluorescein
staining, Rose Bengal staining, measuring tear meniscus height, impression

cytology, and others. Studies show that correlation is poor between clinical tests
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4 biomarker in the sample, the at least one biomarker selected from the

group consisting of a-enolase, a-1-acid-glycoprotein, prolactin-inducible

protein, S100 A8, S100 A9, S100 A4, S100 All, von Ebner's gland protein,
wecofeminidysozyme, proline-rich 4 protein and any of their demative2007/000118

fragment thereof with 5at least one reference value. In another aspect, the

present invention provides a method of treating a dry mucosa condition in

a subject, the method comprising: pro\gding a sample from the subject;

comparing expression of at least one biomarker in the sample, the at 10

least one biomarker selected, f ] >oNSisti f gre
o B e e S e RS A Ta g mates
dBficaetedano Arthemvabaton ghthempeaitc agenésih] .lysozyme,

proline-rich 4 protein and any of their derivative or fragment thereof; and

reducing the difference in expression of at least one biomarker in the
Agrsuplofrispnantténspriten thethods obdptamminnoryhiissseebediiginucosa
le%tlpgngr% ea‘s[IaTX: g\rén\%]@ynpée with_a_t _Ieast_one reference value

etermined from at Ieéast one subject not exhibiting signs of, or

experiencing symptoms of the dry mucosa condition, and/or the

égﬁggzn%{w #qﬂmmﬁt least one reference value determined from a 20
i ber of subjects not exhibiting signs of, or
experiencing symptoms of the dry mucosa condition. The sample may be

@y@t 0. dd18 EXRuEESIP Y Rl BioRarkrRssRM PSS TECERR iTh PamEaRMI flovides

e abundance of the at least one biomarker. The comparing may be
rogtheds Epedirgness. aned desbranhpbe Aadical senginm Muorngaral, the
masdniesBRIBAtReS ALY SR GR BRYIECaRRFO8EIIRY ik asieasheitfon in a

biomarker may be a-1-acid-glycoprotein 1 and the reducing of the
sdifieeince in expression comprises reducing inflammation in the subject.
The at least one biomarker may be prolactin-inducible protein and the
reducing of the difference in expression 30comprises increas%ng_the .
laxpRes gepest piBR RIRSRRLIEBYISRe ¢ Alesete MjBaetthet diagnosing a dry
AdEeisEBHaRi8hRrPsiB jaRe/ AR aaRD cb"hf%ﬁé iegspesedigMaeEnple from
may WO 2007/126391PCT/SG2007/000118 5 be S100 A8 and S100 A9
thaduhiaeianmgUTRRIRgEREREESIPRQI LSRR RBRmPIRRRTKEAIRIT FRmmple, the

ANERRYIHE D BRIk SPORRIRXD oM BRe G SUD B RIASIIR-&Soladke a-1-acid-
subject. 5In another aspect, the present invention grﬁgdde %Eﬁﬁ%ﬁf 00 A1

gisaarria D aralagitrincdyaiie areiaih of 4R e8>t &i’e st :
WA Sy RiAaedic DR RIS, §dRgehe| neniniaithSLefs, and any of
8100A9, S100 A4, S100 All, lactoferrin, lysozyme, von Ebner's gland

theiteie alivreMidreg mRAb ihesraioV N I3t 817 flghelIteNaTEs with

at least one reference value. The panel may 10 provide a more detailed

profile of the condition, yielding both diagnostic as well as prognostic . .
BRI e SRS, SEPR R PUETHOR P UG TR B AR Srining the
Lok ideaaaricpl boagrkeirosayihezosubRstl) tuppoethoth eomprising:
gel. In another aspect, the present invention provides a diagnostic kit for F e
eraifklieha STl IO S LBIRA e SRR MELSIIVE srBfesbn of o

saRAGIgcRbIensinG A S R ARIBalEALc BRI Arbi Hutaftip, lysozyme,
consisting of a-enolase, a-1 -acidglycoprofein a rolactin-inducible

SR 25356 B S A 200 S BT RIE Er SPY G Tratelgast one
lacteéersid vivisezyme, proline-rich 4 protein and a derivative or fragment

thereof. The at least one chemical may be at least one 20 antibody

specific for any one of the biomarkers. The at least one chemical may be
Rah SENiEr SidpReRt eidipegehtThectitieapiroviedicmarkaoalmenitoring efficacy

-enol d t [east hemical is 2-phosphog| te. Th
SR AR PR BASPAALA STRI s 1088 pperisno
KtovaBiich Ranspriifromef the Sigjses Rigdreoh felatioaxpetssion fodatoeast one

of misclassified cases and number of biomarkers used.
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WO 20071126391PCT/SG2007/000118 6 Figure 2A-2J. Comparison of

dry eye group (ratio, DE:C, 116:114 and 117:114) and control group (ratio,

C2:C1, 115:114) for 10 potential dry eye biomarkers. Student t-tests were
WOM#E¥ hind p-values are indicated on each graph. 5SFigureP$ Er6fdy/000118

identification and relative quantification using ITRAQ. (A) MS/MS

spectrum of a triply charged peptide ion, TYLISSIPLQGAFNYJ at m/z =

701.10 (J represents the iTRAQ-modiffed lysine residue) which is

originated from prolactininducible protein. (B) Magnified MS/MS spectrum

bfaker 122 S R gieseionedatansity dfiéaua et dleneddrdandted group
m/z =114.1, 115.1, 116.1 and 117.1 10 Da..iTRAQ 1

=] : . 4a\r:é11][ﬁwere in. S100
CRRBI§ DIl EROIRRS BrAEHIMGTRIRES R 1 BIIRPY AR Ig R Q=M
A'&b% ?o@fyA@(femlm, F@@b/eaxquar(wmicg}dﬁém@mtmmms dxlictoferrin,
peak areas of reporter ions. Figure 4. (A). MS/MS spectrum_of one tyi .
VaRToE, PEANRR T AR GRS ST S ETL B T O B g with
aPligieptprfrefararenrolaggand (B) relative quantification for a-enolase
between dry eye samples and control samples. Figure 5. (A) MS/MS

spectrum of one quadruply charged peptide ion 20 (YVGGQEHFAHLLILR
IRiHRGRe A HaficDaherigiegisst fiovetidragicbgiiesproteiatioByfdatiing a dry

quantification for a-l-acid glycoprotein 1 between dry eye samples and
RS SRR Fih S BIRR) BSCBIoR SREPEg SRS 3 ¥pfete from
tiabUbiertadehpbiie g BRI sion G et casentieeoROGikenis) tstSam () the at

ROC curye whep using prolactin-inducible protein as the anly bi Ker.q ..
oA BEEUPRIIPENER BARCISH RIS R 955 T RO ey 1201
gHingreteiaraadkerprinth-Tintuaitterpmtéares 100 AEHE RDASLISEPE A4, S100

98%. WQ 2007/126391PCT/SG2007/01111 118 7 Fi .7, Ratio ;

Dl RO 58 AR B g (5 L YRR i (FEl B pgign and
aptient fesitAl erigatias eo By agheeid dheremteindl,reciusingo the atitf¢rsnce in

5100 A8. Different color codes were usged to distingui ub-groups.
HBIGITL WHoAI  R DTD G S S TBLT =

5-10 sec.); (2) middle set of 8 bars in orange: moderate (TBUT = 2-5

sec.); (3) bottom set of 10 bars in red: sevete (T < . | :
5 B D TS L e R e B el T eparing
rhalbeegith () eaisidim setidré hee v aiuar datermineld facer FBlEastang subject not
eg%ﬁgﬁqg}s ﬁ\b@t&grgﬁs St 8&8(3?%&(;'{9\&63%%8%%% I 7y PrG60s L B KSR, and/or
the comparing may be with at least one reference value determined from a
statistically significant number of subjects not exhibiting signs of, or experiencing
symptoms of the dry mucosa condition. The sample may be a fluid. The
expression of the biomarker may be reflected in, or measured by the abundance of
the at least one biomarker. The comparing may be by mass spectrometry. The
subject may be a human being or a mammal.

Under the method for treating a dry mucosa condition, the at least one biomarker
may be a-1-acid-glycoprotein 1 and the reducing of the difference in expression
comprises reducing inflammation in the subject. The at least one biomarker may
be prolactin-inducible protein and the reducing of the difference in expression
comprises increasing the expression of prolactin-inducible protein in the subject by

the administration of prolactin and/or androgen. The at least one biomarker may
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15(1) top set of 7 bars in yellow: mild (TBUT = 5-10 sec.); (2) middle set of

6 bars in orange: moderate (TBUT = 2-5 sec.); (3) bottom set of 10 bars in

red: severe (TBUT < 2 sec.). For Figure 7D S100 AS 20(1) top set of 7
woareimyedbaw: mild (TBUT = 5-10 sec.); (2) middle set of 8 baPCiFrSG201jé00118

moderate (TBUT = 2-5 sec.); (3) bottom set of 8 bars in red: severe (TBUT

<2 sec.). Figure 8. MS/MS spectrum of report ion region (114, 115, 116

and 117) of an 25iTRAQ experiment fd absolute quantitation of one dry

eye protein biomarker (8100 All) in tears. WO

b%ogq/&g R T T@%ﬁoﬁ}g 09 1R8 @8@3‘?@ ResHP R APBIGHression
ref8rences mentioned In the present specificdtion are for convenience

distenfiethethroingf théispeginéer andinr samplex fRemalipsr #fe>) 00 A8 and

Seméel% tH%()es\ﬁﬂgﬁél(eltcontent of such bibliographic references is herein
Incorporated by reférence. Definitions Biomarker - Biomarkers are

anatomic, physiologic, biochemical, or molecular 10 parameters

Iﬁsgﬂgj@@é{\g%g?etﬂ@ CRANhTENEIN BicREeYICHiSSISE Stabrsmarkers for

iomarkers afe détectable and measurable by a variety of methods

dizgndsiggptysicanditionindtdn, sBo iR HARE SRBAUSHERESNAERfn g rotactin-
i#&lﬂc%i@ﬁr%%‘é?ﬁfwi‘wéﬁ]%eoafe%@iﬂg BPABCEBAD! DIOBIA4, S100 A1,

agment may be used as a biomarker. 15 Dryness of mucosa, mucqs

: ( Qsa
laejoresttabEnRYMEA it i RBENS SanshRIRiiofckRFAFH 4rHERLeIPe RRd/Or @

HV@%W@%@W&@H@W%%H{Qﬂﬁf%ﬂ_@r@t‘&@ﬁ@esvémmar_ he panel may
Iscomfort Is felt by the subject experiencing it. ~ Dry eye - a medical -
weniisshraeetgstaiipd pealilss] heseid B%Nﬂ@?ﬁéﬂigﬂﬂ@‘a% %%Foﬁ%’{"e" as

;fh?%%%ﬁwﬁﬁeﬁnﬁ%maa?@ iniessiidddmdudinmdaesneiptysistence2Ber other
0SS of

the tear fluid produced. Expression of a biomarker - a gualitative or
kijomanarse ThrRERR 6f LIBIAKKS MR b R ELFPéiﬂq%rPé ina gel.
expression of its gene, gene transcript or gene product in affected cells or
tissues. The quantitative indication qf a biomﬁlrker is, reflecte

: d in the .. .
IXATRIAREA RS GBRGTGERE LAV BF QHES PR RSt Siagngsing 2

@g‘?ﬁ%‘é@é%%*@ﬁﬁéﬁi%Bﬁfpﬁ@myjﬁﬂ@:%@ﬂ@hé%ﬁ@tﬁrmilrtﬁablaelweﬁmeacting to at
ditferent biomarkers or between the same biomarker%ia ;I) ferent Fé%bé'ects

reAgtrensiRioBRArkeE Rl R IgAFRIENEE HMOIMmERRSS NG, P e lase, o-1-acld-

[RIPEH W praIRiemankers prblsian $1O6aks: Hid0aNeES 100 A4, S100
different subjects. Mucosa/mucous membrane - A membrane lir%irp argtein and a
Py PRERGES SHBLOTRIESD BE e RHOYSRA B 2 AR eP

8¥RPISe BIrtagRsRitAteRlIMestarYeard one chemical may be at least one
antibody specific for any one of the biomarkers. The at least one chemical may be
on a solid support or in a gel. The at least one biomarker may be a-enclase and
the at least one chemical is 2-phosphoglycerate. The diagnostic kit may further

comprise information pertaining to the use of the Kit.

Brief Description of the Figures

Figure 1. Relation between fraction of misclassified cases and number of

biomarkers used.
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WO 2007/126391PCT/SG2007/000118 9 urinary tracts, as well as tissue

having cells and associated glands that secrete mucus. Protein - A

biological molecule composed of one or more chains of amino acids in a
W@ Yer. Proteins may have derivatives such as isoform8CA/Bf3{EiH000118

isoform 5 is a version of a protein with some small differences, usually a

splice variant or the product of some post-translational modification. Under

the present invention, a protein also eRcompasses derivatives and

fragments that are sufficiently large enough for the protein to be detected,

Fi&@f&'m.@ﬁdmrﬂ% ﬁ@&ﬁd&wmemegwdtszzraﬂedm@mmmnmmd 1ma 114)

normal range of a biomarker | a e55|on or res
aﬂ%?ﬂﬁﬁ@r%&?%ﬁ’s@ﬁ Ehtgao@i B F[f ﬁﬁ‘ﬁg &QH \}v(l?ti?< e|c)'art| e arkers
stedicel-tesditiane Yutiormngd aridtipndloetcase mddmimhea)eﬂcm graph

biomarker from this normal range indicates the medical condition. Under

the present condition, statistically significant variation from the normal
Flgoaefthetdn Wﬁﬁamr@w@mm aqisntifivatiokessingj GRRAQ. (A) MS/MS

condition of dr 0S the C r
SR e e S L e e 101 10
rép%‘é@ﬂt@qﬂeﬂ mmftww&hwﬂhsidm@whmssmmnaied|9roumearolactm-

nor reference r ma rm|n f I
SR Ao 5] ARG ET S OB L et ok 420, Da gives
s@lﬁﬂ@t@dﬂ@%‘ﬂ%tﬂﬁﬂ@(@&émﬁam&rahgﬁz ok Bsiiéet] xﬁé Gpressdi117.1
|nve est ethod of di sin I o)
G BTG RS B HEHGE BIGU Ry 2 R A AR A 116 and
1qmnmengse&pm@m bmylemmmmmawtmm@aw@rm asadl on the
ast one b| marker electe from the group consisting of a-enolase, a-1
rai CB i S|o ALIRGLCBle protein, S100 A8, S100 A9, S100
A4, S100 AII von Ebners gland proteln lactoferrin, lysozyme, proline-rich

Fighraein andarval el deflualieor BROBARDE (ke wiBigkieag gkl  ion

In‘an spec the present in ion provides a
(SEHDEDF dWRIG TRy darinyzot 867 36 BiRlinsigiorteg frogua£iipiase and

A A LB e S0 S i Conirol

s200plEL6391PCT/SG2007/000118 10 SlOO A8, S100 A9, S100 A4, 6100
All, lactoferrin, lysozyme, and/or any of their derivative or fragment thereof
in the sample and any of their derivative or fragment thereof in the sample

Rigtirat Iéas(mhdm&/éﬂéqcap@ﬂUenSIméneﬂ%r%@@Bﬂpdme ehesgpgl peptide ion
&P\/%Eﬁﬂe?i gﬁ.ﬁ‘.ﬂ“ﬁ %ﬂ?’zoj RN %ﬁfﬁﬁ'@‘cé’(ﬁ ?rérrﬁ%”ﬁeﬁéu@bﬁygébrotem

mucosa COI’] ition'in a subject, the meth comprlsmg prowdmg a samp le
t

frqa)mmmammabm&mm@@m@ﬁq% hﬁ#@%hﬁw@v%amples
ast one biomarker selected from the group consisting
ga%e%r%?éiemaﬁ- -aEcL?d -glycoprotein and prolactin-inducible protein, S100
10 A8, 3100 A9 3100 A4, S100 All, von Ebner's gland protein, lactoferrin,
h‘i OR/BS R d‘%&@rﬂﬁwﬁ@% wol HRpisdegyative gnlljasiBipRtker. The
reo e

raspect, the presen mvenﬂoryorowdes a method of

am:atrag&a nemuotier chedliRSAGn euEjdst, 3&méMo R Bm GiHsy when using
gﬁ'ﬂgx@ﬁ:’@ %ﬁ@@&%&ﬂé‘é‘?ﬂ?‘:&&?@@@ﬂ”W@ﬁ%?f(éﬁégﬂﬁder the

one Iomarker in the sample, the at least one biomarker selected from the

RRoTunmisiAg %t ABMRScUVaWHgESHBR MemaTsRaNtIndRGHecUracy
(I%r tglungép%AéﬁékO e)ﬁ%%"%‘ 6100 All, von Ebner's gland protein,
actoferrin, Iysozyme proline-rich 4 protein and any of their derivative or
fragment thereof; and reducing the difference in 20 expression of at least

one biomarker in the group of biomarkers.
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In the above aspects, the dry mucosa condition may be dry eye. The

comparing may be with at least one reference value determined from at

least one subject not exhibiting signs of, or experiencing symptoms of the
wdrgoouesssl condition, and/or 25 the comparing may be with aPEBSGROE /000118

reference value determined from a statistically significant number of

subjects not exhibiting signs of, or experiencing symptoms of the dry

mucosa condition. The sample may beya fluid. The expression of the

biomarker may be reflected in, or measured by the abundance of the at

least ane biom r.JThe comparing.may. . etry
PRy R U O e Bl Ba e ord TS R e ihie U

oPOAZHPARAIFCTISGRE0IH0  BY d-1anttby i preteda Tot@daling Aand (D)
ition, the at least one. bi rker
S B S e e Ao hftfsh three sub-groups.

ForRjyises/iedueimglaisBammation in the subject. The at least one
iQmarker be prolagtin-i i teiR.¢ gg educing of the
(@??8%%&?%&8?&&8%@%%%@ ibrtﬁreags?\yéwe gxpression of
(Protdtiie iseluofBcamstirita tige soisjderaly (AT 1a8686-bf prolactin
/or andr t. ope hi a3y be.5100 A8 and S100
(%gg 8%{8%8%8%% %ﬁﬁﬁﬁﬁé?&’%ﬁ m%gres;%n c%%rﬁprises reducing
the upregulation and/or complex formation, of S100 AS and S100 A9 in

%&bew%%%%ép_geﬁt@oﬂlﬁgaﬁ%r{h]e present invention provides a panel

arkers tor diag e condition of dry eye, the panel
(¢ptoprisihgiBapmiade yelsactmilsi(OBE 5téei) $68 Hbner's gland

Ny Rrolingsr j d Ml ag yeof. The
B e oL e tos elcing
(Bphoticrestiol & hass isiebgivyare (Bl atioh S&§ dompared to the
results from only a few of the other biomarkers. The panel of biomarkers
may be on a solid support or in a gel. In another aspect, the present
FavémgureptoviitOaAfiagnostic kit for diagnosing a 20 dry mucosa
(gﬁg@g‘i@@t%?“?%@%}éﬂ@ﬁk QRfICHEsTak eapablecef yeacting to at least

biomarker selected from the grouEsJ consisting_of a-enolase,
@)Iraiddipyeehed ibamdprsandr-maderste bRl S0 &8C3100 A9,
%} ORnILOQA G 048 fRaer selend aralgin <actaferyin, lysozyme,
ﬁo aline-rich 4 protein and a derivative or fragment thereof. The at least
one chemical may be at least one 25 antibody specific for any one of the

]béqrp%tm{sfﬁ'@e‘ gblagst one chemical may be on a solid support or in a
gel.

e at least one biomarker may be a-enolase and the at least one

@ndenctioblbpspRoyRiearBld RERIEG Fotid KBRS further comprise

égg%@@%@‘ﬂ&é%'ﬁ%@fﬁb@%&WﬁBUT = 2~5 sec.);
07/126391PCT/SG2007/000118 12 a basis for the diagnosis of a dry
(PllesamarRit® bawscindal spusie i, tiemfRation, and/or

guantification at least one biomarker of a group of biomarkers in tear fluid

of a subject provides the basis for diagnosing the ditiop o ,gef(y e

00D EnpSiIa. AN CLISREIE BT b1 s blgud B 204 117) of an
Hiemerksisdnavhe fistepseiudehideditansiootivaatitied byeopeateimdiemarker
suitable methods. Any variation from a normal range of expression of

R8O KidMdrEs8 Bdicates the condition of dry eye, whether or not the

subject complains of the condition. 10 To measure the expression of one

or more of these biomarkers, tear fluid is obtained from the subject and
biomarkers are detected, identified, and/or quantified. Many methods are
available in the art under the present invention such as immunological

reactions (eg Enzyme-Linked Immunosorbent Assay) and other 15

biochemical reactions such as enzymatic reactions. Such reactions may
comprise detecting the biomarker by photometric means such as a colour
change or a difference in absorbance or transmission of light at certain

wavelengths. Another suitable method for use is mass spectroscopy (MS),
well known to a
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. response an

20 person skilled in the art. A modern MS system comprises ionization,
detection and analysis means. For analysis of the sample, the system
may compare the data obtained from the detection means with known
W&&ﬁﬁé’ra‘g% identify the components in the sample, or the syst&/$a{)07/000118

compare different components within the same sample to derive the

results. 25 Under the present invention, the quantitative proteomics

method, iTRAQ technology [6] with 2 dmnensional liquid chromatography

and tandem mass spectroscopy in the nanoscale
DERiieH®BaBakiSrMS/MS), was combined with statistical analysis and

used to detect, identify and quantify biomarkers in the tear 30 fluid of

patients diagnosed with dry eye syndrome with a loss of tear secretion.
BW%%WF@G@&&%%O%Q&W@G@&&nl3thlan@t&éﬁhosﬁsmﬁﬁfu’ms isare for

well known in the art and was developed to separate complex protein
CRIMEHERREHOF R RS S AR LSO E L B S ELgje ond ofthe
efeprgigensioral wablacrtaitide ofl eectroplivicsiadhid ored&r&AEE)is herein
. [20]. 5In order attain sufficient confidence in the use of detected
nGorRayiad f%Y {ﬁge&%{b?%sis of dry eye, stringent criteria are set for the

analysis of the MS data followed by statistical analysis to provide

ingic tion of the severity of the condition.  Biological functions of the

Dﬁ? mﬁﬂ@rs under the present invention for the diagnosis 10 of dry mucosa
BioRtlitiesrarasigficikes arenategonsics nuiyse(ogicis kinehetieatepr molecular

lycolytic enzymes that is expressed abundantly in. y.cel ,
PR TP a R L neve 1L S R Bl tates.
Brosusikeallsias Hetvatablaictiod atiegnarabip i, BywisiyT d afigthods including

monocytes), epithelial gells, .neuronal cell C It i '

e e ARUEHOR: P e STLEas e HiedRARERS, Bt B Frecent
imvetetiony enprotaint siratisia ideiveatthavit prakejpldyagmeporeat keeuaed as a
bsever | disease processes, for example, many autoimmune disorders,
&am%afesrystemic fungal disease and dental diseases. However, this is the
Hirghesgotdfofitheosasemomehadeyivisse tonddidtuid. 20dacerage in the natural

FOERIRIE ) R SrGR-SraBtlh e o, Rty MRS irigate the
rtheclisacalichf dnaitydisdsrafso déatelt Wpﬂwmsahj ﬁ(ztte_npeémmsgst- The
oY hests 1= coialied IeHcRro Pl I e Rl e HeEM S Seriences

at-inflamma ory eftects were noted. e its both pro- an

distienffarhimdberg pfdus iT asteczBmaadn ieanibishrsadikedanetaskisipgisistence

AP (I)%%t%%l‘tlﬁléﬁé Pﬁlﬂyi)t%% Bgrtant role in the regulation of immune

inflamm IS is also the first report of detecting al-acid
Epyressitsimflah iemafivid -saoniaative 91 goawitaticoindicatipaoisisgarker

3100 calciumbinding brote o . AN
o B A PR S IPS B OHE RGBS o
mateidsifoaffadtathoetiatonfissessceheneuaniitativprinstipationsfia Biyparker is

e e B B R R g prouct measured.

Beerdiffpressmin eikonsSeo®paunglensgeiayrbdeissatinad bielwgen different
6?&%%%&0#B@?%3ﬁ0d%0§ 7% FABAURSLTRIgHRS R BIMSET he relative

apoptosis when present in high concentrations. S100 A4: S100 A4 is a
expriessiat Sroadanceirefingpragiemmgy TRspdae determined between

biomarkers or between the same biomarkers in different subjects.

Mucosa/mucous membrane - A membrane lining all body passages, such as the

as the underside of the eyelids, the eyeballs, and the respiratory, alimentary and
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5 known role of S100 A4 is its ability to cause cell shape changes. More
recently [11], it was shown that S100 A4 is capable of stimulating corneal
neovascularization in vivo. S100 A4 also appears to take part in the
Wébzneusiessis of growth, with apparent involvement in growth fa€aym3pe/000118
transduction and apoptotic cell death. There is considerable evidence that
5100 A4 expression 10 alters the adhesion properties of cells, possibly by
remodelling the extra-cellular matrix ar@ promoting a redeployment of
adhesion-mediating macromolecules occurring in the extracellular matrix
o1 I This i g : o @i
Ay e A A g R S PARIEiret seorete
rancligsozyme: These are well known, abundant human tear proteins.

PhBRROI fiBN AN HARRIRL Boliian BieAedRnturEeRatisRieufAl® acids in

studies, the down-regulation of these two tear proteins was observed in
gepiecificontiedr 7 esteifisE] have gRriveides SshAsISRIPIIS HAgia isoform
i?lglogrlgf eé?a sorSRlIGR e RS Hig Hipesaifaeinéliaik/ Spligakariant or the

Ipocalin , IS one of the major tear proteins and acts as the principal
pipidusih efngppretdps ttig elptioredl aaogifieatioprdddRntieRiERF thivention, a
p?@l%\)ﬁng\ssdj@ﬂ%%n?ﬂ&é%@@ﬂ@‘?%@%do%aiWﬁd@?ﬁ@tﬁi&‘th&iﬂﬁ@%m%ﬁﬂy large

Is typically expressed in several exocrine tissues, such as th
snonglafosAe Pl one-ARNRras da RRnaes SUatidsd Rkt g pethod (s
fuggst cancer [16]. A very recent study showed that it is down-regulated in
tears of blepharitis patients but this would be the first reported association

NegaryrapeqL7 ]l redhpeTRiIfaNgR ~if IPISTHRKFE SR s aRBmE ptRESSsion or

SptadapiesT ProBiIBmERKeRiK [ddidiS rlinexpehionelal drisimgressedvith a
abundantly in lacrimal gland 30where it is found in the acinar cell élgé. It 7
preicidRe T ah B BoRe KRB H RIS AP LR G5 Eciease) of a

SieWarRauiRtes idrnsiaaiae [Helcaée the medical condition. Under the
2007/126391PCT/SG2007/000118 15 Once _diagf?o?sis o;rgedrégm

ucosa
pEssEnb sadioR splisiicalln signifishny RVEIE ferali el O M@l range of the
ErateprionikproReRsHale iorisraves: thelitarEs comdituiootheyefiicane, such
of a treatment for the condition. A subject may be rescribedta 5 £our eeozfuormai
A BRI Y RS 6 BRSO RS LI B TR

e THAN Qe ehmedeyirinmiigesikeisaniprsieentilevitotesTsamples.
%?e and duration of treatment of such dr@rgucosa onditions and the

EFOALIRY d R ROSMAbHITIRFGE T8 MRc 85 br BRabFeiripLed from 2

kp@wndallp BrRyRRAKledribiedirtsueblasamplysiaian VEhesmetbtaihetl may be
present invention Psed 10 to monitor the efficacy of a new

ay also b
GRRRRERE AeRieE INgr0g i.%ﬁ@ﬂ?&s@ﬂ%mntion also provides a

method to treat a dry mucosa condition by countering the causes of

l’gﬁg’%&%ﬁe rg]ﬁr(rge,sd hg}\?i@?% 'garﬁ(fﬁrf%%) f .toq% B e té%%g?tim%ﬁosmg a dry

aTkETS hack 1o
Hhnessabeaagion in a subject, the method comprising: providing a sample from

the subject; and comparing expression of at least one biomarker in the sample, the
at least one biomarker selected from the group consisting of a-enolase, a-1-acid-
glycoprotein, prolactin-inducible protein, S100 A8, S100 A9, S100 A4, S100 A11,
von Ebner's gland protein, lactoferrin, lysozyme, proline-rich 4 protein and any of
their derivative or fragment thereof with at least one reference value. In another
aspect, the present invention provides a method of determining the severity of the
condition of dry mucosa in a subject, the method comprising: providing a sample
from the subject; and comparing the relative expression of a-1-acid-glycoprotein,
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The present invention also provides a panel of biomarkers for the

diagnosis and to profile a dry mucosa condition. While the expression of

several biomarkers may be changed by the medical condition, the panel of
Wﬁla?ﬂ%{r]ﬁéf’glprowdes more specific 20 and precise diagnosis oP (S G2007/000118

condition. When the biomarkers on the panel are measured, the relative

expression or abundance of the biomarkers on the panel to each other

can indicate the severity of the conditib®. The present invention also

provides a diagnostic kit for the diagnosis of a dry 25 mucosa condition

S900NES SryoeyRoTRe 4@ AANBIGeAAt laa&t@ﬂ@emhmwmapaldé/of any of their
reacting with one or more b@? ﬁﬁkers S tthe reaction ma

RN OF SR el SR SR TS RO ATy LDt e s L fagment -

tHARSISE 6 A ety witliean st hribeafeesticalvahebe a substrate for
the biomarker. These chemicals may be on a support such as a solid

support or a gel. The 30diagnostic kit may give a qualitative and/or

[rfIHABtHat R pesttierh @lims immmﬂmbmm&tmmmm@bagmmm@fﬁcacy
2007/126391PCT/S(52007/000118 Ha\un all d b

of RdrRrnant Qe II@H%%?eCr%%(fﬁ HHe s?g {;ghgrﬁ ﬁr‘ge(:kncge t;B Fising:

poeitgvangmsieplemwhisks i proaited iy parngf digseatiom ahdbleast one
notln ended {o be limi |ng fth resent mventlon 5

SR iR ePseﬁf@Ri ’A %?gig?gnps c’Pmca‘?Fség%%gée%Sm ﬁj‘} group
copsisimnglsfueaohad, aemtanid&@b;eommemrmudmaiammndw:eh@mwem S100
recryited. Ipfor opse tained fr I .
AT STe PR R D b0y To Sl e scatieferrin,
lysmnynﬁeepcﬂliﬁmmmmmmembmIuéﬂualecQSEvaymdrd@gmmﬁreof-
to the tenets of the Declaration of Helsinki. Clinical examinations included

subjective symptoms, Schirmer test (without anesthesia), tear break-up
|tirae ¢y Bstesstt atieotitesgein@retotibith girniddsaminagihesisatiragting a dry

R D I A B B P R oL ol from

symp oms ry’ eye incl g and stinging,
ttﬂerei@mjézﬁdycsapsaﬁmwmiohdmf/aém@lmmglcmﬁéi@’f iptibeopasie, the at
ain and heay red e e I i _ B
T

gkyeﬁmtbéeimam;tnelaicpmteu‘ueibh%nmﬂfI&&i@Q‘d?&%lﬁ)‘diféﬁtQ v@?@O A4 S100
Jleted t
C’P eed 5] e%h%% g@ eﬁ‘t cF S Rl A NG, ERSIFIEREN BR8N and

IS p’Iaced insi mins’ without anesthesia. Tears
arqnemtamweréamsequmwragrtmbfmﬁmfstﬁpdTr@dasmg theodffference in

was critical 8 IL} aticalte allect tears 30
Nty resﬁﬁeﬁ::g?%lgr%grggéj ((jm gﬁ'&%ﬁ%%sﬁeﬁ%%n,és%mer strips were
|mmed|ately frozen at -80 C until analysis. The first 20 mm of Schirmer

e R i s S
may be with at least one reference value determined from at least one subject not
exhibiting signs of, or experiencing symptoms of the dry mucosa condition, and/or
the comparing may be with at least one reference value determined from a
statistically significant number of subjects not exhibiting signs of, or experiencing
symptoms of the dry mucosa condition. The sample may be a fluid. The
expression of the biomarker may be reflected in, or measured by the abundance of
the at least one biomarker. The comparing may be by mass spectrometry. The
subject may be a human being or a mammal.
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to elute the tear proteins from the Schirmer strip. Total tear protein
concentrations were then measured using a Micro BCA Protein Assay Kit
(Pierce Biotechnology, Inc.) for each sample. 5 Example 3 - Study design

e omR2@P(isobaric tags for relative and absolute quantificatiCIl7RGEQ)7/000118
sample preparation Since iTRAQ technology allows labeling 4 samples
simultaneously, 2 controls (C) and 2 dry eye samples (DE) were used in
each set (a total of 14 sets). In these 14l1sets, individual control samples
were used in 9 sets and pooled control samples 10 (one pooled from 5

GRALP ﬁeapf% 4 glt?gat[ﬂrg”h &&WB@%@&WW%%@%@%omarmr

experiments om ea e was used for the [TRA

mapdmeﬁtacm@mmwocb@m m@srecdu@mjcééb@rdﬁ@&@nﬁ@ in expression
c‘ér 8!93 r%ﬂ?&%f@l%ﬂﬁ'ﬁ%&ﬂ%@&@ {erff?g%tq‘eéésﬂ'!ﬁﬁg w8rRERter may
olution er{trietnylam

monium bicarbonate) and 1gc| of Denaturant

e%rslasynmmn@@spmm podgthn kRAveiemefdbadiiHerednpids expression
T
CRpAR eskpR SeapreL i robanabeon N iapiecoy

C for 1.5 h. In the next step

beadmnistBItiering Relagin @ﬁfﬂ@fyaﬁﬁtﬂmﬂié@lﬂfdﬁafé)qnﬁsb&a@@&ker may

b rROfHde, 0 rRFaMeEs thesk
AT T e

Quang HigRfe (RIS SrRrypsaaipriio \ RS o Rlay deratig i rf3 700 A8 and

wene adagdite Fggteye samples. The samples were then incubated at
room temperature for 3 h. The contents of each iITRAQ reagent labeled

sample were combined and dried using a SpeedVac concentrator. For

[§SHAGIHED Faégée@iﬁe biyEsE - MpcipBic Reididd¥ acsimulritsripiviiarers for
was added to 25 reconsititute the sa gébefore performing the 2

Aaee0ENgdhe cenditonmef shuieve, BearaielcompEsindesariase. prolactin-
RRRible-pRstarE SN EMSranalsisofuei] 'B@lﬁ@ﬂﬁimmb@xmﬂaﬂ BXerivative
LC Packlngs Sunnyvale CA) coupled with 30 nano-ESI- gﬁ’\ﬂ 9‘\/;52‘})‘&5 £ th
Sliokparaert @?ﬁ%‘?fXL WD@Q@leW@oﬁéﬁY@%ﬁtdﬁW?ﬁ gL§ gqot the
e aNahsian %M@lé’@ﬁ@@ﬁ&&@b\l&é@@%@h@@tﬁf iMiPmation, as compared
2007/126391PCT/SG2007/000118 18 %?des is the mpst common

to HIR P& AR a R BiRA L RRMAT ARG I8 BRI Rl igmarkers

%Spgg@ﬁ ahasiRl RPhehremateggaphy. SCX column used in the first
dimension was from DI ONEX, LC Packings (300 pm i.d. x 10 cm porosity

10S SCX). 5 Elution of the peptide mixture was performed using 10 steps

o Hesaasing sabicorcprisainneveRtiphiniestivesd dRghbs2 kikfoBdiadnosing a
40 mM, 50 mM, 75 mM, 100mM, 25E(me 500 Mand OOOrThV\g reacting to at
gﬁfrﬁ&‘ﬁﬁﬁ?a‘&@?ﬁfﬁ?'&l%@ﬂﬁ(ﬁq %?%boal?nﬁ UGS %ange g

sedveryref Qsé%afm@ﬁl@éiétﬁéﬂ?b(ﬁﬁ% ‘gﬁdu;R o3 istingnofuseshiidbe, o-1-acid-
second dimension 10 cm capillar, ol
9&?88@@8“@?3 8"92%386?‘%*1‘8 It S’ﬁ&ﬁ gg pgrmib%%c% i S100
@bﬁ@&?&%@b@mah@]ﬂbm daptkb?equllwmzwasppmdem:viﬁh ldumantein and a
C18, 3pm, 100 A from, Pheno To e, CA) usin om

oA G HEREL (S ot EolEa, Al Sh Mg n AL b ipost one
@lﬁlbﬁﬂ?@@@ﬁﬂb%lahylﬁémbﬂ\dIbdmmadmrple‘ﬂwwm kbeshane-sheagical may be
interface (Protana, Odense, mar, -T
et ﬁé{pgﬂ%roé&@s%%Peﬁ?%ﬁt a?ﬂ&l & \/%]a%a gl éﬁae{n?e a-enolase and
Hiep RN S slgeiehicd). B e pfroglyB@NE XThE dagkiogt} kirmay further
Famos, au ampler (DIO EX L Packl 0 pUmin for desalting.
RRBILISS i WEP Q/\r/ﬁ 9?8/%5 ?%%% \?%it/)’wth 0.1% formic acid),
the system was switched (SW|tchos DIONEX LC Packlngs) into line with

g}@%{,%ﬁ tlcal |IIar gi\)eg%e?'g%aré lH & g%(énlf\g %rﬂd?é? ( %i%/ntmcat:on at

f@@@meld)dmml@%fwWx%m@ﬁﬁwmﬂ@dMBb@Mmprwxdes
25 used to analyze the tryptic digests. Key parameter settings for the

nanospray and other instrumentation were as follows: ionspray voltage

(IS) = 2200 V, curtain gas (CUR) = 20, declustering potential (DP) = 60 V,
focusing potential (FP) = 265 V, collision gas setting (CAD) = 5 for

nitrogen gas, DP2 = 15.



10

15

20

25

30

WO 2007/126391PCDSG2007/000118 19 flight (TOF) mass spectrometry
(MS) survey scan in the mass range of 300-1200 followed by two product
ion scans of 3 sec each in the mass range of 100-1500. The "enhance all"

WO MG Hs used in the IDA experiments. Switching criteria W&rE $@t¢y7/000118
ions greater than a mass-charge ratio (m/z) = 350 and smaller than 5 m/z
= 1200 with charge state of 2 to 4 and an expression threshold of > 20
counts/s. Former target ions were excldded for 60s. IDA collision energy
(CE) parameters script was used for automatically controlling the CE.

a B%RBRE AreRARyABRIY T é@@aﬁm@wb’ﬁsﬁdﬁﬂm ISRATiealherimentketection,
was performed using Pro UANT View

e oSS A 2 AR eSS R PP A S aarkers

inRslepdl e Satabags oides thadb s sdotiiagnessises floe peptiition of dry eyes
didentification in ProQUANT searches were 0.15 Da for MS and 0.10 Da for

Y EGYE&ively. The cut off for the confidence settings was at 75.
Other 15 search parameters include MMTS (methyl methanethiosulfonate)
as the cysteine fixed modjficatiqn, 1 missed trypsin cleavage I
ABYicRitBno Wﬁ"]%}ﬁﬁéﬁ#?ﬁe oS Hgaﬁ}éngs' 3t %sr%rrr?‘ SRS a%e goted,
ud@ﬁhf@%@mmmmwme @ncdyecsinabRe MbthrekulSnyarasiation from a

uan ere then an nd su ari
TG o SRR 1 S A S eepene oy i 8Pty eye.
wﬁgmétcatlﬂbtcnhierwam:’asdmmms(aj metemmmthrotScore >2 (>99%
confidence) were all accepted; (b) proteins with ProtScore = 2 (= 99%
confidence), typically one peptide with confidence of 99%, were accepted
TwitrliwmmalweéﬁpnbgﬁmsmSr@mtmoreraamfeemibimprrg@mnte@r fluid is

tion fact ligd for ;
L BRI RSt et
qqaanﬂmaﬂmwfmﬂmds BWRAKQ meﬂheal@gy\@bﬁg@or@ﬁqnélmmn such

eak areas of m/z 114 7
RS CIRoR P e SRR R TR DS gy otrer
mﬁwﬁd@ﬂﬂdmmﬂwm@emm@m Suahrerdlienemayeomprise

SR BN TRP  PHERS b AR el e G- PEbGEr change or 2

cing ratlo or the quantitative results,
dn’eardaseep@hxegrtmmm Bror@vemisalen givtieh Fhrestainiwarelengtis-
(EF). Smaller p-value (on a scale of 0 to 1) often means more 5
confidence about the altered expression (non-unity ratios, for example,
Ms@aeeammbmemethmnmrsaaqoie)rrmum&ms&cpéw BiStaghvall known to a
differen r % e
PISO il ﬁeﬁfes%ﬁ‘g &?ﬁ dfEme § Y%ﬁé@d%}ﬁf%@%@Jﬁ&éﬂ%ﬁ a8féR%on and

PRIG xamp stlc alysis 1 alculation of average of
ambs:s‘l’mebt}aﬂn anrma@esavfrmwm;a!@am@musméwﬁma%@téhe data

f'TFéAéP flai- ey %%‘Hﬁ&htﬁ%aﬁef%w%%w'%@hmg% Eldentify the
|rs y we convertedt e ratios to log space [log(ratio)]. Then the log of the
defmpodendsusedesampiee of the BYsihEAPNTaAE WG components
rage S he 15following formula:

Wﬁﬁq(;a\%eér%%ee o%?%]%ia}%e ﬁ%%{nﬁ%o Lémtté)) X weight] / Sum (weight),

where, weight = 1 / logEF. Finally we convert it back out of log space to

var rafias in t GhSURRS iTRA

%H% h\%hg’%st?eo@va\)grge }fv!? da[ Br%o %ﬁ%‘g&tﬂ‘gg |Eer8(:';II@r3$)| Q@éeggroup (DElIT d
te:cmnllbgscilﬁlDMtcz DIE‘ZBUEQP@@U lissiittorromatodrarang2 engem mass
{E) %’tn%gr&)é ﬁ‘?ﬁl&fdgto el Rﬁﬂmﬂ_’ﬁsr‘(&?{@ EQMRIRghaNdeiddsthbined with

Sts'were performe te the p-values to evaluate whether the

sthtistiesl bemiysis anderedioeisindlentivand sipatvsRipmeskerp ia the tear
LR FR AR BSHINHliFany )8 WRldrome with a loss of tear secretion.
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(c) Selection of a biomarker panel: Posterior to t-test, 10 biomarker

candidates were selected based on their pvalues<0.05. Proline-rich

protein 4 was also taken as a biomarker since it was 30reported in
witexaturesbd]. Linear classifiers were used to determine the be&tT/SG2007/000118

combination of those biomarker candidates to form a biomarker panel.

First, the WO 2007/126391PCT/SG2007/0001 18 21 receive operation

characteristic (ROC) curves were obtaiged for individual biomarker

candidates. The first ranked biomarker candidate (a-enolase) was taken

ﬁ%%ﬂ(?%%éﬁ%ﬁﬂ%ﬂﬁﬁ ALY Y6 R T & SR BRI ERBRIRS YYEigHo separate

S negatives by a-enolase, linear classifiers using a

conmpliaiioteit o BamhiheTPtRES TGl aaHRiaNRREOEAIRAMHBY One-
o‘év{?{/%-%%séj%%%% Egﬁ(%%rﬁﬁmmfg@?e@&%ﬁ&%l&tmmb%M@E) 120].

etermine ythe rmance cufve of different numbers of biomarker
candidates (Figure 1). As a result, a linear combination of three proteins

1P aé?faﬂf)sqgﬁé Rifid dedllogR ratie_o deR2lea2idieaikets for the
or furt

was use rther distinguishing dye eye cases from normal cages. Th dat
CM',% ata

disgaosieenf Arreya? SEnRs detamimied HseatdR o RrnBalRIShi R
f@%ﬁ&é@@ﬁé{%@ %ﬁ% i§46'5h0ViaB fsitafiorRBTR e vty BRIRItondition.

_ on A total of 64 tear proteins were identified from 14 sets of
ITRAQ experiments using highly stringent criteria for protein identification

I%E)JB CA R REISTIS St FrHReRsfRUMAE: thisghreshalehdyinmatried eiagnosis

ntwo peptides with high confidence were used for protein
afigrifeHaeRa IR @A TORAME: peptide can contribute no more

SIS 8 Fatn unes o e e
. ein identification list with total Prot d b
AT RGN PRUP oAU RERYREITSEC 35 CRANIE | Walh ARG cid on the el

Joraifiesdsan prataipsof SRR SIS Y Rarnfidapsiliells (neutrophils, B
Accession No. Protein Name No.of Peptides Identifjed oy .
cells, T Cells, monocytes), epithelial cgﬁs, neurona' ceﬂls, etc. In addition to its
innate glycolytic function, a-enolase has been recognized as a multifunctional
protein. Very recent studies indicate that it may play an important role in several
disease processes, for example, many autoimmune disorders, cancer, systemic
fungal disease and dental diseases. However, this is the first report of the
presence of a-enolase in tear fluid.

a-1-acid glycoprotein 1: a1-acid glycoprotein 1 (AGP) is a heavily glycosylated
protein (45%) with a molecular weight of 41-43 kDa [8]. It also belongs to the
lipocalin family. It is associated with inflammatory responses. The synthesis is
controlled by glucocorticoids, interleukin-1 and interleukin-6. Its anti-inflammatory
effects were noted. AGP exhibits both pro- and anti-inflammatory effects. These
dual immunomodulatory effects may indicate that AGP plays an important role in
the regulation of immune response and inflammation. This is also the first report of
detecting a1-acid glycoprotein 1 in tear fluid.

S100 A8 and S100 A9: S100 A8 and A9 belong to S100 calcium-binding protein
family. There is growing evidence to show that S100 A8, A9 and A12 form a new
group of pro-inflammatory proteins [9]. In inflammatory diseases, the over-
expression of both S100 A8 and S100 A9 are typically seen. They are secreted at
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1PlQOOOO816 14-3-3 protein epsilon 2 2 IP100007427 AGR2 (Anterior
gradient protein 2 homolog) 2 3 1P100022434 ALB protein (Serum
albumin) 47 4 1P100022429 Alpha-l-acid glycoprotein 1 precursor 2 5

W8 25051 Alpha-I-acid glycoprotein 2 precursor 2 6 | P1008536Y12007/000118

Alpha-l-antichymotrypsin precursor 1* 7 1P100553177 Alpha-l-antitrypsin
precursor

14

sites of inflammation. The over-expression of only S100 A8 in dry eye tears has
been previously reported [10]. These two proteins can form complexes which
induces apoptosis when present in high concentrations.

S100 A4: S100 A4 is a member of $100 calcium binding protein family. The best
known role of S100 A4 is its ability to cause cell shape changes. More recently
[11], it was shown that S100 A4 is capable of stimulating corneal
neovascularization in vivo. $100 A4 also appears to take part in the homeostasis
of growth, with apparent involvement in growth factor signal transduction and
apoptotic cell death. There is considerable evidence that S100 A4 expression
alters the adhesion properties of cells, possibly by remodelling the extra-cellular
matrix and promoting a redeployment of adhesion-mediating macromolecules
occurring in the extracellular matrix [12].

S100 A11: This is another member in $100 calcium binding protein family. S100
A11 seems to be involved in apoptosis [13].

Lactoferrin and lysozyme: These are well known, abundant human tear proteins.
They both have anti-bacterial activity on the ocular surface. In previous studies,
the down-regulation of these two tear proteins was observed in patients with dry
eye [14, 10].

von Ebner's gland protein: von Ebner’s gland protein, also called tear specific
prealbumin (TSPA) or tear lipocalin [15], is one of the major tear proteins and acts
as the principal lipid binding protein. Itis regarded as general protection factor for
the epithelial surface.

Prolactin-inducible protein: Prolactin-inducible protein (PIP) is typically expressed
in several exocrine tissues, such as the lacrimal, salivary, and sweat glands and
may also be associated with breast cancer [16]. Avery recent study showed that it
is down-regulated in tears of blepharitis patients but this would be the first reported
association with dry eye [17].

Proline-rich 4 protein:_lt is also regarded as one of the abundant tear proteins
recently [18,10]. Proline-rich protein 4 is expressed abundantly in lacrimal gland
where it is found in the acinar cells [19]. It may reflect the function of the acinar

cells. It has been shown to be down-regulated in dry eye patients [10].
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Once diagnosis of a dry mucosa condition such as dry eye is made using the
method of the present invention, it will be possible to also use the method to
monitor the efficacy of a treatment for the condition. A subject may be prescribed a
course of treatment and monitored at intervals by periodic determination of the
expression of one or more of the biomarkers of the present invention. The type
and duration of treatment of such dry mucosa conditions and the interval and
duration of monitoring of the efficacy of treatment will be known to a person skilled
in the art such as a physician. The method of present invention may also be used

to monitor the efficacy of a new treatment method in drug trials.

The present invention also provides a method to treat a dry mucosa condition by
countering the causes of variation of one or more of the biomarkers of the present
invention to return the expression of one or more of the biomarkers back to the

normal range.

The present invention also provides a panel of biomarkers for the diagnosis and to
profile a dry mucosa condition. While the expression of several biomarkers may be
changed by the medical condition, the panel of biomarkers provides more specific
and precise diagnosis of the condition. When the biomarkers on the panel are
measured, the relative expression or abundance of the biomarkers on the panel o

each other can indicate the severity of the condition.

The present invention also provides a diagnostic kit for the diagnosis of a dry
mucosa condition such as dry eye. The kit comprises at least one chemical
capable of reacting with one or more biomarkers such that the reaction may be
detected. For example, the chemical may be an antibody that specifically binds to
a biomarker. Alternatively, the chemical may be a substrate for the biomarker.
These chemicals may be on a support such as a solid support or a gel. The
diagnostic kit may give a qualitative and/or quantitative result that allows the
medical condition to be diagnosed.
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Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by
way of illustration, and are not intended to be limiting. of the present invention.

Examples

Methods

Example 1 — Patients

A total of 28 patients clinically diagnosed with dry eye syndrome and 20 control
subjects with no other ocular diseases were recruited. Informed consent was
obtained from all participating subjects and the whole procedure was approved by
Institutional Review Board committee of Singapore Eye Research Institute (SERI)
and also adhered to the tenets of the Declaration of Helsinki. Clinical
examinations included subjective symptoms, Schirmer test (without anesthesia),
tear break-up time (TBUT) test, and other general ophthalmic examinations such
as visual acuity and lid margin and meibomian gland appraisal. Typical affective
symptoms for dry eye include burning, itching and stinging, foreign body sensation,
sense of dryness, blurring of vision, photophobia, pain and heavy or tired eyes.
Patients were classified as having dry eye based on the Schirmer test, TBUT, and

subjective symptoms.

Example 2 - Collection and tear protein elution

Tear fluids for all patients were collected using the Schirmer strip. For this test, a
thin tear strip (of paper) is placed inside the lower eyelid for 5 mins without
anesthesia. Tears collected were subsequently eluted off of the strip. The ability to
do this was critical as the reduction in tears made it impractical to collect tears
using the capillary method. After collection, Schirmer strips were immediately
frozen at =80 °C until analysis. The first 10 mm of Schirmer strip was cut into
small pieces and soaked in 150 pl of phosphate-buffered saline (PBS) for 3 hours
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to elute the tear proteins from the Schirmer strip. Total tear protein concentrations
were then measured using a Micro BCA Protein Assay Kit (Pierce Biotechnology,
Inc.) for each sample.

Example 3 - Study design and iTRAQ (isobaric tags for relative and absolute
quantification iTRAQ) sample preparation

Since iITRAQ technology allows labeling 4 samples simultaneously, 2 controls (C)
and 2 dry eye samples (DE) were used in each set (a total of 14 sets). Inthese 14
sets, individual control samples were used in 9 sets and pooled control samples
(one pooled from 5 controls and one pooled from 3 controls) were used in another
5 sets of experiments. 30 pg from each sample was used for the ITRAQ
experiments. The iTRAQ procedure was followed according to the protocol
provided by Applied Biosystems (Foster City, CA). Here, 20 pl of Dissolution
Buffer (triethylammonium bicarbonate) and 1 pl of Denaturant (2% SDS) from the
iTRAQ reagent kit were added to the samples. Then 2 pl of Reducing Reagent
(tris-(2-carboxyethyl)phosphine) was then added and the samples incubated at
600C for 1.5 h. In the next step 1 ul of Cysteine Blocking Reagent (methyl
methanethiosulfonate) was added and incubated at room temperature for 20 min.
The samples were then digested at 37°C overnight with trypsin. ITRAQ reagents
114 and 115 were added to the control samples while iTRAQ reagents 116
and117 were added to the dry eye samples. The samples were then incubated at
room temperature for 3 h. The contents of each iTRAQ reagent labeled sample
were combined and dried using a SpeedVac concentrator. For testing, 10 pl of
loading buffer (0.1% formic acid, 2% acetonitrile in water) was added to
reconstitute the sample before performing the 2D nano-LC-nano-ESI-MS/MS

analysis.

Example 4 - Two dimensional nano-LC-nano-ESI-MS/MS analysis
Two dimensional nanoLC (DIONEX, LC Packings, Sunnyvale, CA) coupled with
nano-ESI-MS/MS (Applied Biosystems, Q-Star XL, MDS Sciex, Concord, Ontario,

Canada) was used for the analysis. The two dimensional LC separation of
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peptides is the most common configuration which consists of a strong cation
exchange (SCX) followed by reverse phase (RP) chromatography. SCX column
used in the first dimension was from DIONEX, LC Packings (300 umi.d. x 10 cm
porosity 10S SCX). | "

Elution of the peptide mixture was performed using 10 steps of increasing salt
concentrations (20 pl injection of 10mM, 20 mM, 30 mM, 40 mM, 50 mM, 75 mM,
100mM, 250mM, 500mM and 1000mM ammonium acetate) all at a flow rate of 30
ul/min and using a loading solvent of 0.1% formic acid/ACN (955, viv). RP
column used in the second dimension was a 10 cm x 75 ym i.d. microcapillary LC
column self-packed from a self-pack PicoFrit (360 ym OD, 75 ym ID, 50 cm, New
Objectives, Woburn, MA). This capillary column was packed with Luna C18, 3um,
100 A from Phenomenex (Torrance, CA) using a home-made column packing
device. The capillary column had an integrated spray tip (15 um opening) which
can be directly coupled with the nano-spray interface (Protana, Odense, Denmark)
into ABI's Q-TOF mass spectrometer.

After SCX separation, the sample was loaded onto a trapping cartridge (C18, 0.3 x
5 mm, from DIONEX, LC Packings) from a Famos autosampler (DIONEX, LC
Packings) at 30 pyL/min for desalting. After a 5 min wash with acetontrile/water
(2/98, viv with 0.1% formic acid), the system was switched (Switchos, DIONEX, LC
Packings) into line with the RP analytical capillary column. Using an Ultimate
solvent delivery system (DIONEX, LC Packings), a linear gradient of acetonitrile
(0.1% formic acid) from 20% to 95% over 85 min at flow rate of ~300 nL/min was
used to analyze the tryptic digests. Key parameter settings for the nanospray and
other instrumentation were as follows: ionspray voltage (18) = 2200V, curtain gas
(CUR) = 20, declustering potential (DP) = 60 V, focusing potential (FP) = 265 V,
collision gas setting (CAD) = 5 for nitrogen gas, DP2 = 15.

All data was acquired using information-dependent acquisition (IDA) mode with
Analyst QS software (Applied Biosystems). For IDA parameters, 1 sec time of
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flight (TOF) mass spectrometry (MS) survey scan in the mass range of 300~1200
followed by two product ion scans of 3 sec each in the mass range of 100~1500.
The “enhance all” function was used in the IDA experiments. Switching criteria
were set to ions greater than a mass-charge ratio (m/z) = 350 and smaller than
miz = 1200 with charge state of 2 to 4 and an expression threshold of > 20
counts/s. Former target ions were excluded for 60s. IDA collision energy (CE)

parameters script was used for automatically controlling the CE.

Example 5 - Data analysis

Data analysis for the iTRAQ experiments was performed using ProQUANT 1.0,
together with ProGroup View 1.0 (Applied Biosystems) and searched against the
IP| (International Protein Index) human database v3.15. The mass tolerance set
for peptide identification in ProQUANT searches were 0.15 Da for MS and 0.10 Da
for MS/MS, respectively. The cut off for the confidence settings was at75. Other
search parameters include MMTS (methyl methanethiosulfonate) as the cysteine
fixed modification, 1 missed trypsin cleavage site, oxidation to methionine in the
zone modifications and custom amino acids with iTRAQ modification to lysine and
tyrosine.

The results generated by Pro Quant were then analyzed and summarized by Pro
Group Viewer 1.0 (Applied Biosystems) to produce a ProGroup Report. The
protein identification criteria are as follows: (a) proteins with ProtScore >2 (>99%
confidence) were all accepted; (b) proteins with ProtScore = 2 (= 99% confidence),
typically one peptide with confidence of 99%, were accepted with manually verified
MS/MS spectra. For differential expression, a bias correction factor was applied
for correcting possible pipetting error during the combination of differentially
labeled samples.

Relative quantification of proteins using iTRAQ technology is based on the ratio of
peak areas of m/z 114, 115, 116 and 117 Da from MS/MS spectra. Since 2
controls (C1 and C2) were tagged with 114 and 115 and 2 dry eye samples (DE1
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and DE2) were tagged with 116 and 117, the relative quantitative result can be
expressed as DE1:C1, DE2:C1, DE1:C2, DE2:C2, C1:C2 and C2:C1 using-ratio.
For the quantitative results, besides reporting ratios, Pro Group also gives p-value
and Error Factor (EF). Smaller p-value (on a scale of 0 to 1) often means more
confidence about the altered expression (non-unity ratios, for example, diseased
sample vs normal sample) resulting from a real biological difference. The EF
expresses the 95% uncertainty range for any reported ratio.

Example 6 - Statistical analysis
(a) Calculation of average of ratios:
To obtain an average of ratios for a particular protein from 14 sets of iTRAQ data,
we used weighted average calculation by involving EF. Firstly we converted the
ratios to log space [log(ratio)]. Then the log of the EF and we used the inverse of
the EF as the weight. The weighted average in log space was calculated using the
following formula:
Weight average (log space) = Sum [log(ratio) x weight] / Sum (weight),
where, weight = 1 / logEF.
Finally we convert it back out of log space to find the “weight average of the ratios”.

(b) Finding significant changes by t-test:

The ratios were divided into two groups, i.e. dry eye group (DE1:C1, DE2:C1,
DE1:C2, DE2:C2) and control group (C1:C2 and C2:C1). Data from 14 sets of
ITRAQ experiments were combined and student t-tests were performed to
calculate the p-values to evaluate whether the changes between dry eye group

and control group are significant (p < 0.05 was considered as significant change).

(c) Selection of a biomarker panel:

Posterior to t-test, 10 biomarker candidates were selected based on their p-
values<0.05. Proline-rich protein 4 was also taken as a biomarker since it was
reported in literature [10]. Linear classifiers were used to determine the best
combination of those biomarker candidates to form a biomarker panel. First, the
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receive operation characteristic (ROC) curves were obtained for individual
biomarker candidates. The first ranked biomarker candidate (a-enolase) was taken
and used for identification of dry eye cases. For those samples which were
classified as negatives by a-enolase, linear classifiers using a combination of up to
any eight of the remaining 10 biomarker candidates were constructed. The
selection of the optimal panel of biomarkers was determined by the performance
curve of different numbers of biomarker candidates (Figure 1). As a result, a linear
combination of three proteins (p0, p1 and p2)
y = log2 ratio_p0 + a1 log2 ratio_p1 + a2 log2 ratio_p2

was used for further distinguishing dye eye cases from normal cases. The
parameters al and a2 were determined based on optimization of the ROC
accuracy (area under ROC curve). |

Results

Example 7 - Tear protein identification

Atotal of 64 tear proteins were identified from 14 sets of ITRAQ experiments using
highly stringent criteria for protein identification (ProtScore > 2, >99% confidence).
With this threshold, typically no less than two peptides with high confidence were
used for protein identification. In ProGroup View, each peptide can contribute no
more than 2.0 to the ProtScore (equivalent to no higher confidence than 99.0%).
Table 1 gives the protein identification list with total ProtScore and number of
peptides identified for each protein. |



51 1P100022974 Prolactin-inducible protein precursor 11 52 IP100009682
Proline-rich protein 1 precursor 5 53 IP100027019 Proline-rich protein 4
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recu
Wﬁ’%@d%@%fﬂ Serotransferrin precursor 17 56 1P100164623 Sifnfi2fg§07/000118

Complement C3 precursor 4 57
1P100294578SplicelsoformlofProtein-glutaminegamma-

Table 1. Summary of identified tear proteins. (ProtScore > 2, > 99% confidence)0

22

No. of
Accession Peptides
No. No. Protein Name Identified
1 IPIO0000816  14-3-3 protein epsilon 2
2 IPI00007427  AGR2 (Anterior gradient protein 2 homolog) 2
3 IPI00022434  ALB protein (Serum albumin) 47
4 [P100022429  Alpha-1-acid glycoprotein 1 precursor 2
5 IPI00020091  Alpha-1-acid glycoprotein 2 precursor 2
6 IPI00550991  Alpha-1-antichymotrypsin precursor 1*
7 IPI00553177  Alpha-1-antitrypsin precursor 9
8 IP100465248  Alpha-enolase 9
9 IP100218918  Annexin A1 2
10  IPI00455315  Annexin A2 2
11 IPI00008580  Antileukoproteinase 1 precursor 2
12 IPI00024284 Basement membrane-specific  heparan  sulfate 4
proteoglycan core protein precursor

13 1PI00004656  Beta-2-microglobulin precursor 2
14 IP100027463  Calcyclin (5100 calcium-binding protein A6) 3
15 IPlI00013895  Calgizzarin (S100 calcium-binding protein A11) 2
16 IPI00007047  Calgranulin A (5100 calcium-binding protein A8) 9
17 IPI00027462  Calgranulin B (S100 calcium-binding protein A9) 11
18  [PI00021828  Cystatin B 2
19 IPI00032294  Cystatin S precursor 7
20 IPI00553058  Deleted in malignant brain tumors 1 3
21 IPI00020487  Extracellular glycoprotein lacritin precursor 7
22 1PI00479359  Ezrin 2
23 IPI00247167  F-box associated region domain containing protein 2
24 IPlI00027497  Glucose-6-phosphate isomerase 2
25 [Pl00219757  Glutathione S-transferase P 3
26 IPI00641737  Haptoglobin 7
27  IPI00025512  Heat-shock protein beta-1 2
28  IP100022488  Hemopexin precursor (Beta-1B-glycoprotein) 5
29  IPl00644694  Ig alpha-1 chain C region 13
30 IPI00642363  Ig alpha-2 chain C region 10
31 [PI00550702  Ig gamma-1 chain C region 9
32 IPI00B647471  Ig gamma-2 chain C region 4



glutamyltransferase 2 1" 58 1P100018230 Submaxillary gland
androgen-regulated protein 3 hornolog 2 A precursor (Proline-rich protein
5) 59 IP100023011 Submaxillary gland androgen-regulated protein 3

Wi eoToiga391 P100216298 B precursor (Proline-rich protein 3) BOI/SG2007/000118

Thioredoxin 2 61 1P100299729 Transcobalamin 1 precursor 2

23
33  IPI00642193  Ig gamma-4 chain C region 2
34 |PI00641082  Ig kappa chain C region 6
35  IPI00552445  Ig lambda chain C regions 8
36  |Pi00549291  IGHM protein 3
37 IPI00178926  Immunaglobulin J chain 6
38  IPI00382577  Kappa 1 light chain variable region 2
39  IP100025023 Lactoperoxidase precursor 5
40  1PI00298860  Lactotransferrin precursor 57
41 IP100027444  Leukocyte elastase inhibitor 2
42 IPI00465431  LGALS3 protein (Galectin-3) 2
43  IPI00009650  Lipocalin-1 precursor 14
44  |PI00001468  Lipophilin-A precursor 3
45 IPI00019038  Lysozyme C precursor 15
46  IPI00026126  Mammaglobin-B precursor 8
47  1P100299547  Neutrophil gelatinase-associated lipocalin precursor 2
(Lipocalin-2)
48  IPI004195685  Peptidyl-prolyl cis-trans isomerase A
49  IPI00000874  Peroxiredoxin-1
50  [PI00004573  Polymeric-immunoglobulin receptor precursor 16
51 IP100022974  Prolactin-inducible protein precursor 11
52 IPI00009682  Proline-rich protein 1 precursor 5
53  [PI00027019  Proline-rich protein 4 precursor
54  |PI00032313  $100 calcium-binding protein A4
56  IPI00022463  Serotransferrin precursor 17
56  IPI00164623  Similar to Complement C3 precursor 4
57  1PI00294578  Splice lIsoform 1 of Protein-glutamine gamma- 1*
glutamyltransferase 2
58  IPI00018230  Submaxillary gland androgen-regulated protein 3 homolog 2
A precursor (Proline-rich protein 5)
59  IP100023011  Submaxillary gland androgen-regulated protein 3 homolog 2
B precursor (Proline-rich protein 3)
60  IPI00216298  Thioredoxin 2
61 IP100289728  Transcobalamin | precursor 2
62  IPI00719422  Triosephosphate isomerase 2
63  IPI00011694  Trypsin-1 precursor 2
64  IPI00166729  Zinc-alpha-2-glycoprotein precursor 19
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24 * Only one of 2 peptides were found to have a good MS/MS match
é’%bectra were searched using Mascot. Example 8 - R&AR007/000118

guantitation of tear proteins comparing dry eye patients with 5normal

controls by iTRAQ technology and discovery of potential biomarkers

Overall, statistical analysis showed th&24n total, 10 proteins were

differentially expressed between the dry eye group and the normal control
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%}ﬁ%ﬂ%ﬁ?&?s The ratios, p-values and EF for the 10 dry eye biomarkers
rom t

ese 14 sets are given below. 10 Six up-regulated proteins were
found: a-enolase, a-l-acid glycoprotein 1, S100 AS (calgranulin A), 8100

B&fesleraorindtived09ridaaod BLRAAYARIBE £ Ay eyve patients with
down-regulated proteins; prolactin-inducible protein (PIP), von Ebner's

nERg e e Ly IRARIPFEAGaaRANG SiskRYeRcaiRpiANiR Nemakers

dreediiytatisicd) ARRlgsiSsRoNBHZeiNe Waighted RYSISES WRERS affbrentially
p-value of the above 10 proteins for the control group and dry eye g.rou&@r toins
otei

ARIST§IHREBandhR AN QY e SFIRNG e iR CERk raliswil

UpLRY A¥aSd h Alhaprbripla VR ESHIR RIS RININR W/ OHRIRREN The ratios, p-
\‘rgdported previouslyg\.e::l ures 3-5 show three representative MS/MS

WeH ARt pFolaeins i iy ieys Somazkers Bemdhgse 1 Arpigigre given below.
glycoprotein 1, which give both identification and quantitative information.
R e o ool 100 A0
(Catgein N, | SOTrab(Caigbnitie B))isdavesagev@®)00 A11 (calgizzarin) and
4 down-regulated proteins: prolactin-inducible protein (PIP), von Ebner's gland
protein (tear specific prealbumin, lipocalin), lactoferrin and lysozyme (see Figure
2). Table 2 summatrizes the weighted average ratios and p-value of the above 10
proteins for the control group and dry eye group. Among these 10 biomarkers, a-
enolase, a-1-acid glycoprotein 1, S100 A9, S100 A4, S100 A11 and prolactin-
inducible protein have never been reported previously. Figures 3-5 show three
representative MS/MS spectra for prolactin-inducible protein, a-enolase and a-1-
acid glycoprotein 1, which give both identification and quantitative information.
Table 2. Summary of weighted average ratios (DE:C and C2:C1) and p-values of
potential biomarkers for control group and dry eye group.

Protein Name Control (C2:C1) Dry Eye (DE:C) P-Value
(Weighted average | (Weighted average
ratio) ratio)
Alpha-enolase 0.933 1.698 0.0001
S100 A8 Calgranulin
A 0.933 1.259 0.0337
S100 A9 Calgranulin
B 0.891 1.202 0.0388
Alpha-1-acid
. 1.230 2.512 0.0165
glycoprotein
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S$100 A11

L 0.977 1.660 0.0550
Calgizzarin
5100 A4 Calcium-

) 0.759 1.479 0.0080
Binding protein :
Lactotransferrin 0.955 0.832 0.0016
Von Ebner's gland

) 1.000 0.813 0.0172
protein
Prolactin-inducible 0.0005

. 0.955 0.661
protein
Lysozyme C 0.955 0.794 0.0013
Proline-rich 4 protein | 1.023 0.912 0.4336

Figure 3A shows MS/MS spectrum of one triply charged peptide ion,
TYLISSIPLQGAFNYJ at m/z = 701.10 (J represents the iTRAQ-modified lysine
residue) which is originated from prolactin-inducible protein. Both b-ion series and
y-ion series were observed in the mass range of 100~1200 Da. Magnified MS/MS
spectrum of 111.0 to 120.0 Da gives four iTRAQ reporter ions at m/z =114.1,
1156.1,116.1 and 117.1 Da. Typically iTRAQ reagents 114 and 115 were used to
label 2 control samples and iTRAQ reagents 116 and 117 were used to label 2 dry
eye samples. The relative quantity of protein was based on the ratio of the peak
areas of reporter ions m/z =114.1, 115.1, 116.1 and 117.1 Da. From Figure 3B,
down-regulation of prolactin-inducible protein in dry eye tears was clearly
observed. Figures 4A and 5A show MS/MS spectra of one triply charged peptide
ion (SGETEDFIADLWGLCTGQIJ at m/z = 877.40 Da) originated from a-enolase
and one quadruply charged peptide ion (YVGGQEHFAHLLILR at m/z = 475.00
Da) originated from a-1-acid glycoprotein 1 respectively. Similarly, zoom-in
MS/MS spectra (Figure 4B and 5B) revealed over-expression of a-enolase and a-
1-acid glycoprotein 1 in dry eye tear fluid.
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Example 9 - ROC curve for dry eye biomarkers and biomarker panel

Firstly, the ROC curve was generated for each biomarker candidate individually.
ROC curve plots true positive rate (sensitivity) versus false positive rate (1-
specificity) of various cutoff value for DE:C ratios. The area under the ROC curve
was also calculated and this area is the accuracy. The ROC curve is useful for
comparing the performance of different tests. The best individual biomarker
candidate among up-regulated proteins is a-enolase with the accuracy of 85%
(Figure 6A), while prolactin-inducible protein tops the down-regulated proteins with
the accuracy of 81% (Figure 6B).

Using linear classification, the best combination of biomarkers was found useful as
a panel of biomarkers to profile the condition. The biomarker panel contains four
proteins: a-enolase (ae), prolactin-inducible protein (PIP), von Ebners gland

protein (vEgp) and proline-rich protein 4 (pr4). The method is a two-step approach.

Firstly, a dye eye sample will be predicted if the ratio (DE:C) of a-enolase > 1.70.
For those samples which do not meet this criterion, the following formula will be
used for further identification of dry eye cases

y = log2 ratio (pr4) - log2 ratio (PIP) — 0.8 log2 ratio (VEgp)
The cutoff value for y ranges from 0.2 to 1.8.
By using this approach, the accuracy for correctly diagnosing dry eye can be
increased to 98%. It should be noted that proline-rich protein 4 has very poor
performance if used as a single biomarker. However, combined with prolactin-
inducible protein and Von Ebner’s gland protein, proline-rich protein 4 can increase
accuracy significantly.

Example 10 - Potential biomarkers which can be used to classify severe, moderate
and mild dry eye

Based on results of one of the clinical tests, i.e. Tear breakup time (TBUT), we
further classified them into three groups: severe (TBUT < 2 sec.), moderate (TBUT
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1.023 0.912 0.4336 Figure 3A shows MS/MS spectrum of one triply

charged peptide ion, TYLISSIPLQGAFNYJ at m/z = 701.10 (J represents

the iTRAQ-modified lysine residue) which is originated from
wpralaptizsiaducible protein. Both b-ion series and 5 y-ion serie®¢#$62007/000118

observed in the mass range of 100-1200 Da. Magnified MS/MS spectrum

of 111.0 to 120.0 Da gives four iTRAQ reporter ions at m/z =114.1, 115.1,

116.1 and 117.1 Da. Typically iTRAQ rgagents 114 and 115 were used to

Iabel 2 control samples and iIRAQ reagents 116 and 117 were used to

ot PR A, T MG LAY ool Sohe S B 1O 55 B, S - 1-acid

QWEdpE@ﬂeiﬁrG)nSﬁ@mlNB%xdiSMGrAe lﬂhﬁ%@ﬂm@énmdmﬂiﬂ@rbma@w@ severity

o8 SRR R N ER e TR B n ver

dnétrrbn&?dmwm)o@mgww%mmaaetwese Hnd/emerqwﬂghepljevbwm a-1-acid

|de ion ( Vv | /z =475.00.1 inate

o rolon s R A el ARl A S 1y eve
(ﬂmterctéearhié‘ﬂiup\ma@d over- expressmn of a-enolase and al-acid
glycoprotein 1 in dry eye tear fluid. WO
2007/126391PCT/SG2007/000118 26 Example 9 - ROC curve for dry eye
Bicamaylee 1dArdvbatnoal ker pravediRg sths dhadR©@lsurf eveasr geors diednfarkers in

ker candidate individually. ROC curve plots true positive rate

%ensmvp%versus false positive rate (1- specificity) of various cutoff value
AirsDEﬂe eptioditatiencof dnyrele metammmmawaedam@mmmmmw using

23 Ng ‘i#éﬁ?cc égstsé%%% UIYE, ) &S&gflbgg gomparing the

per ormanceo eren est |n idua |omarker candidate

hhiesgngiiveigs|ate ¢ yropieobthecmpoipicashite tieaanddui@E)dAgZoprotein in tear
fE19us A %W%Pr%?\‘f}&()%g@' Iguree%ﬁ’g‘%g%}gﬁg%‘ﬁm PR Dagents 114

proteins with the accuracy sing linear

@I&sﬁ’kﬁaﬂdﬁﬁh@%tf@oﬂﬂhﬁbﬁwﬁo@@‘tﬁmhr&@m}@mm@s@w &ya sample
%@b‘é&% Wﬁﬁ‘f@?ﬁﬂ& ‘t’é’”tc\'éog‘nhgg‘gg}%é% A (%@El‘BEIBB‘é'i“Q"Qthhetic

four prote| $: a-enol ase rolactin-in PIP), von Ebn

§ER@ prérdih (vesplidad pfm@w@h profiin 4 tw) Hmainethaeid a sequence
h
{atl F}%E@?g%%ﬁfisgéq% Eﬁﬁ%ﬁi%ﬁgﬁ’p &L %&i@d d§ ﬁ(&lgﬁg? and 1.25

mﬂpt)an@amhmléobmpagafmmlaiadAﬂDJdlﬁ)sM@MSumh@iymrfbﬂommhﬁbie same
g‘?ﬁ‘%e félseﬁ‘%v}gﬁ?elzo o?; ;/ rg%gé) flgfrom zgtlgf‘@ll :Sﬁlo is %’5 an‘?ﬁ%) MS/MS
ﬁpeatcumashdmngrr@r&lypﬂagnm%drgsem carh4qe & eaktdl talﬁB%‘lR which
SHRMELBR RIS AL AL U5 SRR B 6 arren
eshedutibléopsotdilty aadrigarniightier' pegdnarpeotdith eorelreeteciopsyted 414, 115,
¥%8 m%e!alslc-:: the absolute concentration of S100 A11 protein in control tears and
dry eye tears can be calculated as 10.7 ng/ug total protein and 25.4 ng/ug total
protein respectively. Using this approach, we are able to do absolute quantitation
of all biomarkers in one analysis by spiking known amount of different internal
standards. This type of information could be used for anti-body based tests for dry
eye.

Treatment

Example 11 — Treatment of dry eye by decreasing expression of a-1-glycoprotein 1
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accuracy significantly. Example 10- Potential biomarkers which can be
used to classify severe, moderate and mild dry eye 30Based on results of
one of the clinical tests, i.e. Tear breakup time (TBUT), we further

WEI3efiePMem into three groups: severe (TBUT <2 sec.), modérg{gt2007/000118

(TBUT 27 = 2-5 sec.) and mild (TBUT = 5-10 sec.). Interestingly, we
found only a-l-acid glycoprotein 1, S100 A8 and S100 A9 showed the
trend to differentiate the severity of drya8/e among the above 10
biomarkers (Figure 7A-7D). For example, an even distribution was

VRgEMBE IR VA bdligB &S IgNPls Rl dub RCHH UBPLRMEAHOF o-1-
1, S100 A8 and 5100 A9 were associated with Severity of dry eye (shorter

IESOBTORIND TirkAS B anayId eoirealRstHIH Bhep RV IR i iRd selrlsegiice or

G QASBURIRMARRES Sh PRICHAERRIAS LA Psolie SbRitRHRN@HEBY skilled in
eye protein biomarker candidate in tear fluid by usm@i iTRAQ and a

trankwd Reable 42 ahonte msldiahigantiHetrRatancteniagatipeeguce the
ERBraRBIOR e AGTUARH MG A PIMRIBHRERAT diuid fsast a1BorRalts symptoms.
control subject and a dry eye patient. ITRAQ reagents 114 and 115 were

used to label one control sample and one dry eye sample 15 respectively,

Pl pIRAQ rergams dldt aRidyd watRiepas) 1pdrbasm e ¥inelsBARY Molactin-
1 epg[)ide fragment with the amir%gacid sequence (TEFL%FMNTELAAF@JJ‘S
IDEHEPIgBIRE BN centrations (0.5 pmolful and 1.25 pmol/p.1). Sample

DFRRA #ENHRESEAR G Sinn alusis DD WRE dye shiiee tBreRfPESURStion of
those in Example 3 and Examﬁle 4. Figure 8 gives the MS/MS 20

RIQIRHINHRAIGRG frotsindiifeh SR Be 1Haaters Py g0 P I iRicRethods to
iﬁ@t‘wmﬁ@det@%@@%i@h e Barﬁ.amdi'a;tﬁml @fg@w@ Bythﬁéw@hﬁiéﬂaﬁon of
concentratiops. omparing the peak area of the reporter ions, i.e, e
ARG, 2o 19N At REREe PR GO FERSHIAN SrotbilerebalUte its
dearptant dry eye tears can be calculated as 10.7 ng/p.g total protein and

25.4 ng/p.g total 25 protein respectively. Using this approach, we are able

to do absolute quantitation of all biomarkers in one analysis by spiking
KramiplemounTedaiffeentinieyralswuriitids. By sdyneasirgfiexpasivion of S100

’%%%]cgipbt% jlésgégr anti-body based tests for dry eye. Treatment 30 28

nt invention, the cause of dry eye due to an upregulation
Ohdet-taty poprottimicition) thadasktesdten ke deiotonareematitisisdHS 100 A8

re crease inflammation involved wjth AGP expression. The

S RS TR T e B mate e Gidite Sisa e fedtsgee anv

itrftatneatito iadohe theifreSH 3 A8rant SGF0EI fredeefiteatlthe sorsditiakilled in
r at least alleviatg, its, s toms. Example 12-Treatment of dry eye

RN, 2 STPORE A S Ae T RAIE FPGEATaG faidetiee the

gpeesgionveit®h)tha8arss 80 AYeatideHertaninezd tixdi @ooditdn or at least
Tolacgn.-'nduciblfa rotein (PIP) may be treated by one or more methods

%1‘??4'& S8R %nggx% sion of PIP. This may be done by the administration

of prolactin and/or androgen and hence treat the condition or at least
alleviate its symptoms.

Diagnostic kit

Example 14 — Diagnostic kit for a-enolase

A diagnostic kit for the condition of dry eye may comprise at least one chemical
capable of reacting with at least one of the biomarkers of the present invention.
Such as diagnostic kit may comprise a substrate for enolase such as D-glyceric
acid 2-phosphate (D-GAZ2P) [21] or 2-phosphoglycerate (2-PG) [22] for enzymatic
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15 Example 13 - Treatment of dry eye condition by decreasing expression

of S100 A8 and S100 A9 Under the present invention, the cause of dry

eye due to upregulation of 3100 A8 and S100 A9 may be treated by one

W@r 10ve2n3ethods to reduce or decrease any inflammation invoNEISGRM7/000118

S100 A8 and S100 A9 production. The person skilled in 20 the art will be

able to choose a suitable treatment modality to reduce the expression of

8100 AS and 3100 A9 and hence treat the condition or at least alleviate its
symptoms. 25Diagnostic kit Example 14 - Diagnostic kit for a-enolase A

R T T alE  CE W

pneseotéalviend anicB0sBughcasadisamostiak[R2Ry comprise a substrate for
enolase such as D-glyceric acid 2-phosphate (D-GA2P) [21] or
2-phosphoglycerate (2-PG) [22] for enzymatic WO
Koo/ be 6RPEPST GBI RMD B kI8 i detenrhithet theop ersalntmvENton may also
tic r e | & microarray

E%Mr%?léﬁr\?%%?% Ww@é?fﬁéj ggppp%sﬁﬂ téoga%J gérsoﬁ%rﬁ%aé}l n'the art that
the present invention may also 5be used in veterinary medicine for

I I | €
e S e i HEl RfBficea, i be
ﬁm@rm@@ﬁ@dsthau\rﬁrmueemedt&qatmeammmmts Jkidgche thade by a

e epar a3
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33 7. The method according to any one of claims 1 to 6, wherein the

comparing is by mass spectrometry. 8. The method according to any one

of claims 1 to 6, wherein the comparing is by iTRAQ. 9. A method of

determining the severity of the condition of dry mucosa in a subject, t COLLP

method comprising: providing a sample from the subject; and comparing = "~
the relative expression of a-I-acid-glyc8grotein, S100 A8,8100 A9, S100

A4, S100 All. lactoferrin, lysozyme, and/or any of their derivative or
(raigmeent thereof in the sample with at least one reference value. The

method according to claim 9, wherein the dry mucosa condition is dry eye.

The method according to any one of claims 9 to 10, wherein the
1comparing:ibadibfadigasd oing wieneneecalaecetionnedcimubjstiedst method
-one subject pot exhibiting signs of, or experiencing symptoms of the dry

mucoS] T HEh. The method according to any one of claims 9 toll,

wherepndiielipgrapsditnglis fiitim abieasbg; reference value determined

from a statistically significant number of subjects not exhibiting signs of, or

experf@iing symptoms of the dry mucosa condition. The method

accordifg b2y @m@égkams Sttied: oviebaimiasampteisantplisl. the at least

MC81.1P 34 14. thod ccor ing to any one.of clal s9to

wheref B Pana Sr %&f r%”?efé%\%%ﬁaaﬁ'éé' eaa?fé%élsSn@ 1-acid-

biomagkgtoprwtding pr@ftmdwam@m@luﬂg mca@mpsa@ﬁ AIQJYSS ®0te445100 A11, von
whereijn the comparing is b s spe met e me

e e R oS e S, e Bl ervatve o
ITRAQraidér thetbothoitmatnisering edfliesfeyepioa vaaiment for a dry

mucosa condition in a subject, the method comprising: providing a sample

from the subject; and comparing expression of at least one biomarker in

Zhe saimpdentitadd wasiriingre blamatkevisaisietedkidm iigcoraupondition is dry
consstmg of a-enolase, a-1 -acidglycoprotein prolactin-inducible protein,

S100 RY°3100 A4, S100 All, von Ebner's gland protein, proline-rich 4

protein and any of their derivative or fragment thereof with at least one

refere e val 018.T denrg?thod according to C|?Ilj[r(l) %?Wvﬁg?é?ﬁntﬁ%ecg%paring

ucos EO’H(? @fprding fo any one of claims
is with at least one reference value determined from at least one subject not

exhibiting signs of, or experiencing symptoms of the dry mucosa condition.

4. The method according to any one of claims 1 to 3, wherein the comparing
is with at least one reference value determined from a statistically
significant number of subjects not exhibiting signs of, or experiencing

symptoms of the dry mucosa condition.

5. The method according to any one of claims 1 to 4, wherein the sample is a
fluid.
6. The method according to any one of claims 1 to 5, wherein the expression

is abundance of the at least one biomarker.
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eye. 19.The method according to any one of claims 17 to 18, wherein the
comparing is with at least one reference value determined from at least
one 25subject not exhibiting signs of, or experiencing symptoms of the dry

20

- 10.

11.

12.

13.

mucosa condition. MC SLLP 35 21. 5 22. 1023. 24. 15 25. ﬁ%‘SLLF}

33

The method according to any one of claims 1 to 6, wherein the comparing

is by mass spectrometry.

The method according to any one of claims 1 to 6, wherein the comparing
is by iTRAQ.

A method of determining the severity of the condition of dry mucosa in a
subject, the method comprising:

providing a sample from the subject;

and

comparing the relative expression of a-1-acid-glycoprotein, S100 A8,5100
A9, S100 A4, S100 A11, Iaotofefrin, lysozyme, and/or any of their
derivative or fragment thereof in the sample with at least one reference

value.

The method according to claim 9, wherein the dry mucosa condition is dry

eye.

The method according to any one of claims 9 to 10, wherein the comparing
is with at least one reference value determined from at least one subject not

exhibiting signs of, or experiencing symptoms of the dry mucosa condition.

The method according to any one of claims 9 to11, wherein the comparing
is with at least one reference value determined from a statistically
significant number of subjects not exhibiting signs of, or experiencing

symptoms of the dry mucosa condition.

The method according to any one of claims 9 to 12, wherein the sampleis a
fluid.



10

15

20

25

27. 25 28. 30 statistically significant number of subjects not exhibiting
signs of, or experiencing symptoms of the dry mucosa condition. The

method according to any one of claims 17 to 20, wherein the sample is
fluid. The method according to any one of claims 17 to 21, wherein the

YesLLe

relative expression is relative abundance of the at least one biomarker.
The method according to any one of cffims 17 to 22, wherein the
comparing is by mass spectrometry. The method according to any one of

1eaimsThé tpBodhssebrdlitycompd ited P IdiRAQ theanaihettin the relative

according to any one of the preceding claims, wherein the subject is a
humafPBERRE TRESTEROE ARG A6 aREPe aiREERlims,
wherein the subject is a mammal. A panel of biomarkers for diagnosing

the condition of dry eye, the panel comprising a-l-acid-glycoprotein , _
T2-enolHi8 FERGASHRAITEIME DAL S 2B AR 51 i 1Ko VEEGBIAINIHParing
All, v hngys dpapearaian, lactoferrin, lysozyme, proline-rich 4

protein and/or a derivative or fragment thereof. The panel of biomarkers
according to claim 27, wherein the panel is on a solid support or in a gel.

16.

17.

18.

19.

20.

The method according to any one of claims 9 to 14, wherein the comparing
is by iTRAQ.

A method of monitoring efficacy of a treatment for a dry mucosa condition
in a subject, the method comprising:

providing a sample from the subject;

and

comparing expression of at least one biomarker in the sample, the at least
one biomarker selected from the group consisting of a-enolase, a-1-acid-
glycoprotein prolactin-inducible protein, S100 A9,‘°81 00 A4,3100 A11, von
Ebner's gland protein, proline-rich 4 protein and any of their derivative or

fragment thereof with at least one reference value.

The method according to claim 17, wherein the dry mucosa condition is dry

eye.

The method according to any one of claims 17 to 18, wherein the
comparing is with at least one reference value determined from atleast one
subject not exhibiting signs of, or experiencing symptoms of the dry mucosa

condition.

The method according to any one of claims 17 to 19, wherein the

comparing is with at least one reference value determined from a
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21.

22.

23.

24.

25.

26.

27.

28.

MC
35

statistically significant number of subjects not exhibiting signs of, or

experiencing symptoms of the dry mucosa condition.

The method according to any one of claims 17 to 20, wherein the sample is
a fluid.

The method according to any one of claims 17 to 21, wherein the relative

expression is relative abundance of the at least one biomarker.

The method according to any one of claims 17 to 22, wherein the

comparing is by mass spectrometry.

The method according to any one of claims 17 to 22, wherein the

comparing is by iTRAQ.

The method according to any one of the preceding claims, wherein the

subject is a human being.

The method according to any one of the preceding claims, wherein the

subject is a mammal.

A panel of biomarkers for diagnosing the condition of dry eye, the panel
comprising a-1-acid-glycoprotein , a-enolase, prolactin-inducible protein,
S100 A8, S100 A9, S100 A4, S100 A11, von Ebner’'s gland protein,
lactoferrin, lysozyme, proline-rich 4 protein and/or a derivative or fragment

thereof.

The panel of biomarkers according to claim 27, wherein the panel is on a

solid support or in a gel.
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