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invention relates to de novo in situ protein bionmarker
identification. MALDI imagi ng mass spectronetry (I M)
represents a new technique for the direct peptide and
protein analysis froma tissue thin section by
conventional MALDI -TOF M5 5 instrunents (Chaurand. P,
Schwar t zINSSATU BB1OWARKRS:  IOENTDERLCATIPN Crecel i us, A
Caprioli, R M (2004) Anal Chem 76, 1145-1155). The
gener ated two-di nensional ion density map can then be
used to derive the relative abundance and spatia

di stribution of proteins in situ. The useful ness of
this technique has- been denonstratedin the bi omarker
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- The present invention provides a novel method for de novo in situ protein
biomarker identification wherein proteins are directly eluted from the tissue reglon of

interest wrchout any need for tissue homogenization.
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early detection of disease but also the rapid

screeni ng agai nst experinental conpounds either for
toxicity or efficacy (Petricoin, E. F., Rajapaske, V.,
Herman, E., Arekani, A M, Rdss, S., Johann, D.

Knapton, A., Zhang, J., Htt, B. A, Conrads, T. P.

\F@@tﬁgm@ teciiniqoes haveithy petential tmporr@ﬁddlﬁemﬁbpm?em Expressmn with

Qﬁ@i@%m%ﬁﬁ'&s%la&gﬂ O}BMQ%E%Q%{IEQ’?IJ hjl%gc{l%%ﬁq-)e gw%gg‘n%—monal gel

f easi f'oxi €O eomeTs s
Ghﬁﬁﬁﬁghcrraﬂtl@édbmﬂdgyﬂn comhweatide mithfmasaspestronfetry have demonstrated

%%e%%?ﬁﬁﬁ%&%&ﬁcs@%ﬁr&%&es e%ec%hyﬁ—l(%gé&gcggéi 59X rrqlffagﬁgra, L. R,
iand Kepiedyl &@910024 Drugﬁ’ilsecﬂ@@ ToBand,arld;418). (R partkelldrynteddst is the
g%lilye c?]‘ef:fééglox}gf dyfaq.ose Eggz;aso {Eﬁreefnﬁ[égé 623 Tox]':l%{)ekggcompounds
siteatfootoeicity of tfiB)cyr(Bariesi@nE . ,aRaj@A/slfteeUh m{eqmenfbrAteth A M,
i t ti.de an rom a, t
Rokt S B ARt BT B Zhepl R s Rt ety Bee ) 7. D,
Q;Er'tauf a"ndandg’dlstﬁehw It _20042 Iﬁxzccﬁg%% iﬁhdﬁiﬁgyl 32Dg]2 l@[)).%?aeﬁeaabﬂﬂy
ece . ripli, R . m._76,
PR T bbsorties, TBEH Bl At et Gra it o thF BaHa PR ot
peician {ﬁahll&ﬂs hel fos gldet él@cl&jzﬁfoin\bg é&)ﬁ@nf ﬁio?te i(wetzabuAdRNC eand Li, J.
i a r i 0 cl assi
?ﬁﬁ@ Fﬂomé%wv %&J’a}f@e?&t Lo Baraspd; ?ﬁ{é}&ﬂ\égﬁ éﬁgk E. A,
Kad K&hyerdy, S{moo&u Toxz%zogécaz S&@;@é'ﬁn}%&%&’ Larsen, P.
H., B. C., Rob erts . R., Edgerton hA,

'-'""'-Gonzal es A-Nadaf S~ Noore; H:-Caprioti;

M, MﬁLI%%@A% s s gectx(o )(IﬁTﬁreb?e@&ﬁE ﬁ@v%rtechnm{ue.for the

433 439). 20 proteln in si e  usef ul ness of
diseqi Bepfide WP pisETAT SIS atisse thinseriopihyreankentional MALDI-

o fEO@I Msi '.lrﬂ;tr%ﬁféﬁ{s' @:ﬁ%ﬁhdnp%%malftflsg %ﬂm&nler, D’.\'%{ gsl I&‘}ecehus A.
- Gaprigih & M 20@4) Amal. (@Wyﬁdﬂéﬁﬂéﬁ%ﬁ"kw m@m@d Recséan@wonal ion -

Aerni Svenni ngsson

be

25

30

35

§ens§$ﬁ1 égtg }ﬁgb%%f @@\?0 = é?: @gﬂﬁvﬁ B nganﬁ e ?2% g‘%l G Biition of':_'*"

| Progeinoimsas. 'Ilhe @B@O}@B@B}usaﬁdimqme bhbs lmenaienmtitram@m thfedmomarker

r SI 1 n

{iﬂ&gr?géa ri %Bta%‘vﬁlen tel%fgﬁe%% Cfnsg g gern g—%% C); %’ 1nr%son,
Caprmlt, 8. M. ,cbe:xitAzfdrés:atH ﬁn(ZﬁM)ﬂnml of Pooreovae Reeschy, 288295,

veI W ciated . ..
CR g anaitel B ped®nk o et BR3E o Eoumiati oM. (2001
Brotaomscué I_mon‘L 3gerdridin dinkad sattisge cof instatidesBiigcctate 3d sensitive
i,nterest i rovide Preferably, said tissue thi
%%Séﬁ%th‘“ﬁ 3 @%S@%C%W?ﬁ Gt Tty piges DiResa S Shen Yo Xu,
B.Ur, Mssiopy o e daedn, E H, Whiitef B@S R6Herd) 1 R, Bdgak QM) Gonzales,
g Cﬁlagz?fl é Moore,}% Capnoh,R M., and Carbone, D. P. (2003) The Lancet 362,
433-439).

| According to the present invention a method is provided for de novo in situ
identification of protein biomarkers by the novel combination of MALDI IMS with

associated techniques.

_ In a first step of the present invention, a tissue thin section from a specific tissue of |
interest is provided. Preferably, said tissue thin section is 5 to 15 wm thick. The tissue

section can be further processed, e.g. by fixation with an alcohol, acetonitrile etc.
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Preferably, the fixative is ethanol. Then, a MALDI

matrix i s deposited on said tissue section. Said

ti ssue section can originate fromany. tissue of

interest of any nulticellular -%-organism For

exanpl e, such tissue can originate froma human -

%&F@Z@b@ th ixmiare- 1 iatkemotruThene el MAILEX roatgizinis steposited on’ said tissue
Is0Gioudi ng non- human-nanmal , e.g. nouse, rat, rabbit,

sw ne, non-human primte, but also from ot her

organi sns such as e.g. insects, nematodes or plants.
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%{aot[el n applications,- 15 such as sinnapinic acid as a
it ng exanple. In a further step, MALD M5

spectra are acquired by exposing the tissue section to

a | aser beam Laser beanssuitabl et o-generate MALDI M5

spectra are well knownin the art. As a non limting
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rther step of the nethod of the
%%Str %embh(/%ﬁ?d:% proteins are eluted froma tissue

sanple correspondlng to the tissue thin section
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Preferably, said tissue

Tools for analysis of MALDI MS spectra are well known to the skilled person and
can be obtained commercially. One such tool is e.g. the ProTS-Data software from
Efeckta Technologies Inc. Peaks of interest are then selected. S_uch selection may, as a
non-limiting example, be based on a ranking of spectral features according to the extent
of observed differences, e.g. using the Weighted PIexibleICompound Covariate Method -
{WECCM) (Shyr, Y., and KyungMann, K. (2003) A Practical Approach to Microarray
Data Analysis, ed D. Berrar). |

In a further step of the method of the present invention, proteins are eluted from a

tissue sample corresponding to the tissue thin section hereinbefore described. Said tissue

- sample may be a large piece of tissue or a microdissected tissue. Preferably, said tissue - - '

'sample is a tissue th_i_n section corresponding to the__tissu'e thin section used for MALDI

.\éarb rﬁl%ﬁthﬂfjf-lz can e B
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sanple is a tissue thin section corresponding to the-
tissue thin section used for MALDI -4 10 is achieved
by protein mcro-extraction, which can be achi eved, as
a non-limting exanple, by di+t&etly pipetting up and
down a small volunme of extraction solvent on the
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"mass (peak) of.interest is identified by MALDI TOF MS.

The roteln contained in said fr ion is.then

| dondpr A6 B&?Pp@%ef atsrige &ﬁ%ﬁt&i%m&eg%’e@ﬁwwmed using
#dw.@nal yzing the resulting spectrum ‘As a.

non-limting exanple, the protein can be identified

with the Mascot MS/ M5 ion 'search program

- (Mat FFHéSEdcﬁBﬁanfEﬁﬁn?@Eédessa{tpeﬂlﬂ) o intdd&st Y Rleiifled by MALDI TOF
_éggnsthyretln i denti

ied in the kidney cortex in Short
cription of Figures: Figure 1 Matrix spotting

strategy on kidney thin section Figure 2 C uster

analé%?s of the 7 mpst discrimnating features in

ki fi b]gﬂéfr? aid %ﬁ&ﬁ%t]ﬁ'r@ﬁﬁﬁn@i e@rémlﬁgg%oh[lnﬁﬁﬁg example, the -

cortex of control gentan1C| treated rat

pr(gtem qag i identeliad with she Masepy MO/ M s &raeshy plogiam (MatrixScience)

agﬁggﬁymss@ ottAegxanpl-e provided below is a processed
protein accunul ates in a tissue where it is not'

—rntrionsicatly expressed, therefore, it would not he-
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p‘-’bb'"[l?lle%célﬂnbﬁﬁgﬁ 'oftheSg%oq%;g tpe[mmwdtmbiﬁeﬁﬁﬁapglstﬂ%%&gw cortex. 111 e

expr essiL.on.. .. :
nephroto:sﬂcrcy according to the example provided below is a processed protein which

accumulates in a tissue where it is not 1ntr1n31cally expressed, therefore, it would not be

possible to identify said biomarker by methods based on DNA expression.
Short description of Figures:
Figure 1 Matrix spotting strategy on kidney thin section

Figure 2 Cluster analysis of the 7 most discriminating features in the cortex of

control versus gentamicin-treated rat kidney -

Figure 3 Average signal of m/z 12959 in the cortex of control and gentamicin-

treated rat kidney
Fig 4 Identification strategf .

Fig 5 Tandem mass spectrometric ana1y31s of m/z 12959 A) Full mass spectrum B) ‘

Deconvuiated mass spectrurn C) Annotated tandem mass spectrum

t he
c GOl RPRGINe aR 0. GeAioan Chs i4<Gafid oy erforming tandem .




Fig 5 Tandem nass spectronetric analysis of mz 12959
A) Full nmass spectrum B) Deconvul ated nmass spectrum

-C) Annotated tandem mass spectrum 5 Fi.g 6 Dat abase

search result Fig 7-A) Western-Blot analysis of the
cytosolic fractions fromkidney cortex and 5 from

" HPLC fr'acti on D10. B) MALDI Ms anal ysis of rat kidney
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cortey f f tion DIOG C. HPLC fraction D10
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Fentaaiitiafcogtraphs from.the cortex (C, E) vs. the

medulla (D, F) reveal specific localization of TTR

I mmunoreactivity in the cortex tubules of the treated

ki dneig 8Timanahbistethemicaranaimsiohiof kidylﬂy fremviéamitad] azé gentamicin-

it Srsain G d?‘f‘%ﬁgf of, B G800 ST grﬁfa%g&e& (A) and a

systrenid)aat ﬂﬁ)phlﬁlgh bvelgidf raethitt esiai 1ﬁﬁn1frﬁfrea’¢ﬁmm¢lln the treated kidney
was oht al.ned fromthe

st udi 0 e
SgHE D8l Taea DB PhOCRRIgEPBY Gt B Gk i ) vs the medulla (D,
T iRYdaB RS 7Y Iohal&ﬁhﬂiﬁ'oﬂ"ﬁl‘ﬁdfrﬁmﬁ&ﬂr@@hh@ﬁ% thMcBrtex tubules of the

HanBr | star rats.  of approxi mately
- (P58t5g Kidesmp- W@Y&%{%}Iﬂ@g‘?lﬁ%;ﬁﬁlmls VISFlélM\Aﬁﬁy fél,efgre}g precipitate. of v

Mirh#BbéAEne- T otk IRl fedWRitiecR@USBLe] ndi vi dual Iy in.
Macr ol one cages with wood shavings as beddi ng at 200C

and 50%relative humdity in a 12-hr |ight/dark
rhythmw th free access to water and Kliba 3433 rodent
pellets (Pr ovi m Kliba AG 30 Kaiseraugst,

~Animals were-treated: for T conse.,t_:_utl e

-'-days'w th "'1'00 nyl kgt day - Gent-ami-ci-n(di ssol ved RELS T
. ...sali ne) or.. 1vehl cl e by subcut aneous. (sc)..i.nj.ections.. and___..._.
.20 o g . s
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- 100 1 appllcatlon by CO2
i nhal at| on. | nmedi at eI y pr eced| ng sacrifice, term nal
bl ood sanples for clinical chem stry investigations
wer e i rfimght tealenendt r oor bi t al  si nus under

i sof l uoran anesthesia. -6 Exanple 1 b): Hi stol ogy.

Permission for animal studies was obtained from the local regulatory agencies, and

all study protocols were in compliance with animal welfare guidelines. Male HanBrl:

- Wistar rats of approximately 12 weeks of age (300g + 20%) were obtained from BRL,

30

.35

- Fullinsdorf, Switzerland. The animals were housed individually in Macrolone cages with

wood shavings as bedding at 20°C and 50% relative humidity in a 12-hr light/dark
rhythm with free access to water and Kliba 3433 rodent pellets (Provimi Kliba AG,

Kaiseraugst, Switzerlahd).

Ammals were treated for 7 consecutive days with 100 mg/kg/day Gentamicin

(dlssolved in saline) or vehicle by subcutaneous (sc) injections and sacrificed 24 hours

after the last application by CO, inhalation. Immedlately preceding sacrifice, terminal

blood samples for clinical chemistry investigations were collected from the retroorbital

sinus under 1soﬂu0ran anesthesia.
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Representati ve ki dney sanples were fixed in 10%

neutral buffered formalin. Al 5 sanples were

processed using routine procedures and enbedded in

Par apl ast. Ti ssue sections appréioxi mately 2-3 mcrons

were cut and stained with hematoxylin-eosin (HE) or

periodi c acid-Schiff (PAS). 10 Exanple 2: MALDI-I M5 of

r at E dneiE 3 treated with gentam cin The

diff expreSS|on was studied within the

areas of the kldney (Cortex, Medulla, Papilla) to

inve at e whet.her the histopathal ogi aII bs

toxt SO ARP AT IOV S eh O b PEuTHy DG formalin. Al

aenple?Mew pf@esaecpelalhg ﬂgnuhéter@aaatlex adll @nbelifdedveii @araplast. Tissue -
ni fi cant at ed upon am ci.n

SRFRPRY %RRI%F%FFTD%%@%%@%%&P Srmed getheiemataRigreosin (HE) or -

pe@&baabdsﬁmﬁlegsigrade 4) was clearly observed in

rats treated with 100 ng/ kg/ day gentamicin for 7 days.

This finding was correlated to the analysis of rat
ki dney thin sections by MALDI IM5. 9 control and 9 20

gentam cip-treated rat kidneys thin secti

ani n@%mgl@%% [InBVI poreF KIERY eatferreated et g%g%mcm
section was spotted with matrix as shown in Fig. 1)
were subjected to mass spectrometrjc analysjs a

descrlitsetifiraniaal, profeimmsKaression wasatsied pitdphithe g g the Kidney
WX, | Medulto Kl ﬂﬁy% Vﬁ{r&tlgit@ SER&BL fEO rHlft@}{):?thol%Q@ﬂly-observed

rozen on dry | and store - 80C pri or further

- mxy@@s% gerjamien- ﬁ@lﬂ@b@ cormelatad b Mbt %Verebns@m%rpéﬂ%%tl@twrtex AR v

b Ao orM B LASUS LA @l1ion BC and
epos ted 0

ITC)coat conductlve gl ass slides
(IndiumTin Oxide 50 x 75 x 0.9 nm Delta

Techpp 3
accorine rormePPREeRcFRBRa! PP OERE MU LR vas ceaty

ﬁwwd 1nMatsLtreatah(Wl1®ab}G olgikg/dRy. gﬂntan@g@o@y 7 d@lYSn Thisofin ding was
| Ic'glat? gfl«ggﬁfhvs‘{s 3Brat %&e&qginhseauﬁr?s EE@ V‘grcgntrol and9
I Xe ; |

T
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”gﬁyMEﬁnnhnMEésﬂ&mﬂewsﬂanuummn{ﬁ&anMEJ$S¢hen8ﬁpnn@$hanﬂnd the

tth &6 %? P?{ton o&tr (itll?)wasnp %%S l%exl'engl%ﬁted to mass

vacuum pos né ranua
wettromepicpatlyss as m@&xbﬁdh@fow reshly prepared sinapinic
35 acid solution (3,5-dimethoxy-4-hydroxycinnamninic

acid, Fluka, 20 ng/m in water/acetonitrile 1:1, 0.1%

tri fIEmnglaaag:iSanqﬂé Bepwrasion 6pddALDUIMAL O the tissue.

After crystallization, an additional 200 nL was
| ayered onto the spots and the nmatrix was let to
Kidneys were dissected from rats, snap frozen on dry ice and stored at -80°C prior

to further processing. 12 pm sections were obtained on a cryostat (LEICA CM 3000, Leica .
Microsystems) at -18°C and deposited on ITO-coated conductive glass slides (Indium Tin
Oxide 50 x 75 x 0.9 mm, Delta Technologies). Sample preparation were performed
according to published procedure (Schwartz, S. A, Reyze'r, M. L., and Caprioli, R. M.
(2003) Journal of Mass Spectrometry 38, 699-708). Tissue sections were then fixed by
immersion in ethanol bathes and let to dry 30 minutes under vacuum. During all the
process the sections were stored as much as possible under vacuum. 'Depositien of .

MALDI matrix was done manually with a pipette.. 200 nlL of freshly prepared sinapinic

-acid  solution (3,5-dimethoxy-ét—hydroxycinnaminic- acid, Fluka, 20 mg/ml- in
“water/acetonitrile 1:1, 0.1% trifluoroacetic acid) was deposited onto the tissue. After

~ crystallization, an additional'_ZOO nl was layered onto the spots and the matrix was let to
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-7 dry at roomtenperature. The sanple was then kept

under vacuumif not analyzed inmmediately by nass

spectronmetry. Exanple 2 b): Mass Spectronetry. 5 MALDI

M5 spectra were acquired using7an UtraFl ex MALD

ToF/ ToF instrunment (Bruker Daltonics) with a standard

3B7-anmodid teageratopelati agpkt wadldzerakeptanides eracsyotif not analyzed
m.__The |nstrunent was operated in positive

SS90, MThe LISt |
car nbde CokbaT 3R constant |aser power. A

total of 8 times 100 Iaser shots were averaged for
each nual |te natrix dropl ets. Spectra
wereg§%%§§%¥¥éﬂﬁgﬁﬁﬁ USing a protein calibration
standard sol ution (Insulln Uobiquitin I, Cytochrom C, :
Nyogl uker Daltonics). . Intern |.ibrati :
o9 DRE DY MEFHSE s PR boinah i Rbenn ol Tkl instroment
QBﬂK@r D’aﬂﬁﬂﬁlci)h&tl‘& E%&Ingiarcx mnml |Nplaﬁbé&)p\6}1;hiﬁin iaé Fopaesdn laser spot
C nme c oxi dase po eptide a _
’2128 )0 Oédt“& hﬁf‘awgu@em’rﬁ@s é’ﬁ%‘@%/e%amv@?sgwﬁr Hk?é%&@gf( 3%@ 30kDa) at
QoLLi 1Nt p@weloia f!'o@ﬂ lo$ aiads! 1@b|1@eﬁgmﬁ£weﬂeadvleﬁé§ éDehr each manually
as

evelo ed I.n- ho t Vanderbi l t %E el i ne
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SO ec a ec Ol 0gl es, nc ra
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set the software was set to consider a w ndow wi dth
10 tinmes that of the peak width to account for the 25
di f f éxemek d)nDa@Yalalitsison for different mz regions.
The baseline corrected spectra were normalized in

intensity by scaling the spectra to a common total ion
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R A e S R Bl B s,

@dld @é’téﬁtﬂoﬁn aRdIBEdchaD alighgent M&@pe@}n@a@klﬁg thespﬁoqgtData software
&ﬁﬁﬂp aks were tggi t he peak must occur |n greate
%6@5@@0&%@& FReCid WSt hecla riedted o SETRYR Contributions
Bmmaau abisetd A s nap‘fﬁ[s s@e%maaq;eﬁﬁﬁﬁgd bRRRa R HRRBKS the baseline
standard devi ation of the observed

ave a
é%ifqbéﬁaatl%ﬁﬁéw‘é@%n gt thy rang datayFerthe presehvdsitaises fhegptware was

set to consider a window width 10 times that of the peak width to account for the
differences in resolution for different m/z regions. The baseline corrected spectra were
normalized in intensity by scaling the spectra to a common total ion current. Peak
detection was performed using ProTS-Data and a list of 13 common peaks was selected to
be internal alignment points using a quadratic calibration function. The criterion used to
select common peaks were that the peak must occur in greater than 80 % of the spectra to
be aligned, must not have interfering or overlapping peaks, and the peaks must have a
standard deviation of the observed centroid value less that 7 mass units. To avoid error
caused by extrapolation during the alignment step; alignment peaks were chosen across
the entire mass range of interest ranging from 2500 to 15000 mass units. The peak lists

containing the centroid value and normalized intensity are exported to individual files. _
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caused by extrapolation during the alignnent step,

al i gnnent peaks were chosen across the entire nmass

range of interest ranging from 2500 to 15000 mass

units. The peak |lists containi-rsg the centroid val ue

and normalized intensity are exported to individua
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uses a conbl nati on of
6differentstatisticaltests to conpute a. ranking
-based on ) 15 the difference observed between
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Table 1: .
Cortex profiling: Biomarkers ranking for gentamicin-induced kidney toxicity
5 Ranking by: 1) WMA
2) Maximum average S/
3) p-value :
10 In this dataset, a peak at mass m/z 12 959 was ranked in 1* position in the cortex

with an averagé signal-over-noise of 5 in gentamicin-treated rat kidney and completely
absent in the controls (Fig. 3). The doubly-charged species at m/z 6480 showed a similar

behavior.
15 B 'Examp_lf.e 3 M_icroelution

A liquid micro-extraction was performed in the cortex area.




10 In this dataset, a peak at mass mlz 12 959 was
ranked in |~ position in the cortex wth an average
signal -over-noise of 5 in gentamcin-treated rat

ki dney and conpletely absent-im-the controls (Fig.
3). The doubl y-charged species at mz 6480 showed a

si i IRstchehastb Gxtradidn el gerfirfred toxdifady iphrttvasup and down fora - - =

rtex areaq

SELLOLIR L1 L0 SOULe8 L 80t 0l G000 b ot

- hew oFeedadseyl Thisiro&ed WayYepdanal Rdralciend Edvbal dandples to obtain a

0.1%¢trifluoroacetic acid) on the cortex area of the
kiodled yamiHeivelymockspprommatelpiatleBhe eareplavas thaasdrisd in a speed vac

SEULERAORPY B B, B B AR e

LS IAes, AR e NG BRRRb QIO BRI Qe cluted wing the
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5
speed vac 5 and resolubilized in water/acetonitrile
95:5, 0.1%trifluoroacetic acid. The resulting protein
m xture was fractionated by reverse-phase liquid
chr ok ogesaing, At onditard rast | baajoneredwdy pevdrerplede liquid
9[’@ ng.a st.andard Agilent 1100 series HPLC (Agilent

| ' Hﬂ%?%@ﬁﬁg’s) equi pped wWith a 1 nmi.d. polyneric

10 colum (219TP5110, Vydac) operated at 50 |/ m n. '
Solvent A was. 0. 1% trifl yoroacetic acid, i ter d_ .

Sol veRYE [AQianaEep pyes PETIGBUL BTe AaErard Agitent 1100 Series HPLC

@Q%ileﬁﬂi’ltefzhrh(ﬁogi@’)oécﬁii dwefte £liuted iubi pdyhbgc cdlamn (219TP5110,

follow ng program_ the gradient was started after 5

Wyfa® expevdtedh ab SR Wpmine Sebent A Wasnd-Ad &stluarpegstic geidoggwater and
e and ho rac : _

15 Edlowing pebgearer the3Padien was stirted dftensdinanaey witht86B wheo 35% in 7
RAFHD ey Bl shi%, 0k R, 40 PO EReatld (4005 1 o Bfute and
we crotiterplate erner bio “one). [f necessary,
holdlafp L@ mviastet.rrettioms ateedcadiveted seare BalsedPL Gmerismnaadiptely after the

. MAODIfrECkssdvip, Dyansio ik fgctionhtedfovet fwefat BPLCoMneiahd cdrresponding .
%% tof 1 g/%}ﬁsi na%i ni g acifll solution in '

20 AT 6Lt DR CPPPR GO, 104 FA on a 384 MALDI
Anchor target (Bruker Daltonics). 25 The presence of
the peaks of jnterest was assessed IP/[YACO arin

| VoS- dapebtiegd LC fractions were surveyed by MALDI-
the fraction with 1 pl of 1 g/'L sinapinic acid solution in water/acetonitrile 90:10,
0.1%TFA on a 384 MALDI Anchor target (Bruker Daltonics).

25 _

The presence of the peaks of interest was assessed by comparing the IMS-genergted
spectra with the LC-fractionated spectra. |
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Example 3 a): Protein Identification.

The fraction containing the protein species of interest was then further analyzed by

nano-ESI mass spectrometry and the proteins of interest were identified by tandem mass . '

spectrometry.




spectra with the LC-fractionated spectra. 30 Exanple 3

a): Protein ldentification. The fraction contai ni ng

the protein species of interest was then further

anal yzed by nano-ESI mass spegtronetry and the

proteins of interest were identified by tandem mass

spectFRPebleh 1d'enﬂiﬁcat15ﬁf thie ITORTEd Iﬂrattﬁiﬁ? torfthioatg the m:lsl;l ef interest was
ta| s of .interest

glﬂe arfl Egg%ldgvg@é r,eéelugﬁr% cijgjg%e&aﬁrgaqe}t%gﬂe ﬁli contammg 1% formic acid
et RIchBE&kRRI bsind n hp%h@rpﬁicﬂysfﬁéxﬂg QL%tat Prdsat opeiathd draler standard

identification using pl 1 ed systens St a
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t.er est sel egt
SRFFUIR 18 $e9p %Wﬁraéf;’arﬁ%?r%re\éiﬁ §¥qt%‘nt1§?ﬂf&‘f?m§’as performed

SRECt I W WagdER0r dgd/pand nEnualskafch nt %@%‘ﬁiﬂed Matrlx Science,
WotanrdeMrﬂcahonvms performed w

iz ) }arltlsp(g\/ghe,Swlg@ir@néétabaseh?reivgse 46.6) and a
3&1& 4 i PSS Pfe?é}h&ﬁ‘iﬁd Emrsyﬁmaee; he Swi ssProt

ase (release 46.6) a tolerance of 1.0 Da for

'L\l

fragnent and precursor masses. 10 The strategy that

Fig fﬁl | &\gg t atl der%})] fvyedtto ident &l{é (f‘lkflL Hﬁ{gﬁ%%& gn P{éefi Proteins

romthe cor
a\reeea raiach- mraetefdr &oti mhimtceﬂemyreraewm:’r serpHemstonated by reverse phase

ERE R RABErBR rerisRehin 105 P& L I GBI and coutd be

—tr anst hvr etr n (sw TTHY RAT) fr om. Ser 28 1o GIn146- (Fig. oo

ftlls%ﬂﬁﬁag}pi a[c anm dfn@‘g &Hatr%%osﬁglgﬁltesaﬁr{g%@h accl-:l%nltrlle, 1% formic
@@ﬂtf@ﬂtahﬁbﬂnanasl%/ dctoffietric Anlydisf(Big. 5)ante pemmstsd mass spectrum could
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. and vestern_BIot_anaIyS|s of _Tlssue Extract.and:HPLC_

fraction. 25 One of the bi omarkers nodul ated upon

transthyretin (preal bumn), a 13 kDa bl ood transporter

pr Ot %ﬂmﬁl@% ?%[Sélﬂg%zg%\ﬁ%?de @8: fflegtfeaggopééis}%ﬁtp%ﬁgﬁnﬂht analysis of

f d ptiohein was significantly nore
abundant in ki dneys fromgentamcin-treated rats than

One of the biomarkers modulated upon gentamicin administration was identified
as transthyretin (prealbumin), a 13 kDa blood transporter protein. This finding was
confirmed by Western blot using an antibody highly specific for this protein showing that

this protein was significantly more abundant in kidneys from gentamicin-treated rats

Tissue extracts from control and treated rat kidneys were obtained by

homogenization of a piece of cortex in a 10 mM Tris-HCI buffer pH 7.6 containing 250 -

* mM sucrose and protease inhibitors (Roche Complete). The tissue extract was subjected

to three successive centrifugation steps at 4 °C (10 min at 680g; 10 min at 10 000g; 1 h at
100 000g) whereas the pellets were discarded and the supernatant of the last

10
Fig. re mcro-éex
recor ded; di

15

20 S L . . o
gentam cin admnistration was identified as
in control rats (Fig. 7).

25
than in control rats (Fig. 7).
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- centrifugation step was kept as the kidney cytosolic fraction.

Slkeesadk: &@necﬁ@itﬁttheﬁbd‘cns tHetectspacthetpectrum recorded “directly-fromthe =
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Ti ssue extracts fromcontrol and treated rat kidneys
wer e obtai ned by honbgenization of a piece of cortex
ina 10 MM Tris-HO buffer pH 7.6 contai ning 250 M
sucrose and protease inhibitorg2¢(Roche Conplete). The
ti ssue extract was subjected to three successive
centrifugation steps at 4 C-(10 min at 680g; 10 m n at

10 000 t wh h | o
di se ggg%gﬂa% Siygcgpﬁ%?%) teo%f%;l % e)fePevantef—I%’L&BFractmn:Were :
- Gebktted ugakiteiphot &l was KepbYedbrid- Gﬁrc[ﬁieCﬂmlPA@ECgsthmtrogen) and

fgggitr?légg%w_g{% Sq]éjﬁg%l)% {llg%% II%Hety \ﬁeg\élg%o' KA agfgll?tg "reod! glocked in .
e,b/@eﬁln@ﬂprs%bﬁtaﬁﬁngw 186 Fw28Yedrtbs1d ¥ed mla;usa&l %ﬁﬁlgh’t at room

TREAERK SHOL 87 A0 BUBEFRBRHPARS “BIBYY (RGO by caneining 5%

nifi®and 6.k TwEBS(C Q&l‘éﬂbvﬂdhﬁ}% Qi YBEweahinlg | OQ% Twherazw blots were
|ncubategﬁovern| t at ﬁn1 t enperature

DS prieatButPReait b%ymémcawug%m PB4 a0 anti-sheep TgG

GRABA Bgﬁ&nﬁﬁLaﬁbJalﬁorﬁz@}j AntiPAdI VS8 RingOwadNdeREtcWASMANBCL western

with conialnlﬁ 1% Tween 20, blots were
idhttpaE@gerty FAmeshyipt h hor seradi sh per oxi dase
conjugated with an anti-sheep 1gG antibody (Silenus
Laboratorles) Ant i body bi ndi ng was detected_using

west Similariy BreotmiyngpecaasgdAd, (Whishs fes) Idenfifigd ahYI ;Fan em mass
tﬁﬁ&tmt %Cir%%ﬂl}%gégﬁ TR mé@’a&nl}r ﬂﬁ@gehf i %ebirhagsagﬁi@%m of the

tronetr ransthyret was on Yy

,a,metgﬁmmﬂreateﬁéam n@;ﬁe@tdfmﬁh@)HPtLﬁefractmn 10
gentanmicin-treated-sanple in situ and in
the-HPLC-fraction D10r= -- 13 Cains 1. A nethod to
identify a polypeptide which is accunul ated or
depleted in situ in a specific tissue, conprising the

'steps of ‘5a) Providing a tissue thin section; b)
—Depositing a NMALDL - matrix-on-a tissue thin section;

- AcquiTing MALDL NS spectra: by _____ exposing: the tissue thln_.ummmmﬂigfxif
_.section of step.a) to a c) laser beam 0d). AnaIyS|ng
the peaks in said spectra;
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“int resei

e)Eluting proteins from a tissue sanpl e correspondi ng
to the tissue thin section of steps a) to c); f)
Fractionating the eluted pol ypeptides; g)ldentifying a

fraction conprising a peak of -ilAterest according to

step c) by 15h) ldentifying the polypeptide
corresponding to said peak bglalandem MS anal ysis. 20
2.  The methodof .claim1, whereinsaid-tissuethin
section is fixed. 5. the nethod of clains | or 2,

vhéme¢thod heidens§ugpobmaptides wisich itdcsismelatediar dspleted amsitwina -

Th f s 0 lains 1 to 3, wherein in
st 35&%51‘{?%%8%%%}/1&%&%3&@%5)? deposited on a specific
ar ea dirovidirgragissuenthirt feetidgri;ssue section, and in step d)
protei . I from.sai.d eci fi.c_area of
%Q%P%g ﬁ'@ﬁ@gﬁ%{r&ﬁ %%Iss?ﬁguﬁé?cﬁlga’ of any one of
cl at)mAdquirmgdMWhBE 8 Sspsatabiedaposing thetisstethirdjeciien of step a) to a

"perfornmed by directly pipetting up and down a smal |
T R |

vol u action solvent on the region of
i nt &y eatalyshhg thhpealteinvaid spectayy one of claims 1 to 5,

wher.ein sai d ecific tissue priginates fr a 30. i
uniln T feae e Tromh & Suentae Breodip i esp 10t isngthin pestion of
6, whetepbn) maj)d specific tissue originates froma

nonz h n. nmul.ticel]ular organism 35 8. The nethod of

anyf)o éac('i‘f)n%t]uét?rtg‘ﬁefftetdd’oﬁpeaﬂgi’séi n the | aser beam has a

| as@r 18@0ifyiak @ frabfionlédnipgishPls Peak b 0A6:36 acSEDENCEep ¢) by

LI STI N@&ﬁf > F. Hof f mann-La Roche AG <120> In si tu

15

bi-omar'kKer-tdentificati

<170 1RaitEyihl thevRIlyPepid Seodrespdiitiing to sarilfeak b4 Tandem MS analysis.

2. The method of claim 1, wherein said tissue thin sectionisfixed.. .. . ... .

"3, The method of claims 1 or 2, wherein the tissue sample is a tissue thin section.

20

25

30
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4. The method of any one of claims 1 to 3, wherein in step a) the MALDI matrix is
deposited on a specific area of interest of the tissue section, and in step d) proteins are

eluted from said specific area of interest of the tissue.

5. The method of any one of claims 1 to 4 wherein said eluting in step d) is performed by

directly pipetting up and down a small volume of extraction solvent on the region of

Interest.

6. The method of any one of claims 1 to 5, wherein said specific tissue originates from a

human subject.

7. The method of any one of claims 1 to 6, wherein said specific tissue originates from a

non-human multicellular organism.

8. The method of any.one of claims 1 to 7, wherein the laser beam has a laser spot size of -

10 to 100 pm.
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<120>
<130>
<160>
<170>
<210>
<211>

- <212>
<213>

<220>
<221>
<222>
<223>

<400>

;m@%w@am@wgexwala#SﬂrMLeuwérgkLau%EhewLeuwLeuwgﬁsMLeuwAlagﬁlygLeuWIJewEhe

<212> PRT <213> Rattus norvegi cus <220> <221>

transthyretin <222> (1)..(147) <223> sw ssprot: |ocus

TTHY _RAT, accession P02767 <400> 1 Met Ala ser__ Leu
Arg-.Leu Phe-leu Leu ys Leu-_Ala Ay euile.: Phe _
510 15 Ala Ser Au Ala Gp2kee Ay Gy Ala Ay Qu
Ser Lys Cys ProSEQUENCRO-IZBIMD Met Val Lys Val Leu Asp
g erPro Ala Val Asp Val 35 40 45 Ala
@éﬁﬁéa'@g?a%&éh%@?ws Thr Ala Asp Ay Ser Trp Qu
RrosRivebid@rbs 60erAlidi Gariodd y Lys Thr Ala Qu Ser Ay
Gu }Pﬁ&gs @y Leu Thr Thr 65 70 75 80 Asp G u Lys
PRES TAr*E u Gy Val Tyr Arg Val Gu Leu Asp Thr Lys
85 90 95 Ser Tyr Trp Lys Ala Leu Gy Ile Ser Pro Phe
Hs GQu Tyr Ala Ju 100 105 110 Val Val Phe Thr Al a
R3FEAIp SEF1@ y-Bis Arg His Tyr Thr Ile Ala 115 120
325 Ala Leu Leu Ser Pro Tyr Ser Tyr. Ser Thr Thr A a
Yay Val Ser Asn 130 135 140 Pro G n Asn 145 <210> 2

2RI1> 120 <212> PRT
Rattus norvegicus

transthyretin
(1)..(147) :
swissprot: Tocus TTHY_RAT, accession P02767

1

1

15

Ala ser G1u.§8a Gly Pro Gly Gly Ala Gly Glu Ser Lys Cys Pro Leu

..Met val Lys val Leu Asp Ala val Arg Gly Ser Pro Ala val Asp val . =

25 30

.,35~Jj:;rr4rr:tt-mﬂ¥r 40 S

Ala VéiuLyS val phe Lys Lys'Thr A1a'Asp'G1y'SéE.Trp ¢lu pro phe

50

© 55 60

Ala Ser Gly Lys Thr Ala Glu ser Gly Glu Leu His Gly Leu Thr Thr

65

70 75 80

Asp Glu Lys Phe Thr Glu Gly val Tyr Arg val Glu Leu Asp Thr Lys

85 : 90 95

Ser Tyr Trp Lys Ala Leu Gly Ile Ser Pro Phe His Glu Tyr Ala Glu

100 105 ' 110

: Va1 val Phe Thr Ala Asn Asp Ser Gly His Arg His Tyr Thr Ile Ala

115 120 125

Ala Leu Leu Ser Pro Tyr Ser Tyr Ser Thr Thr Ala val val Ser Ash
130 135 | 140

Pro GIn Asn

145

<210>
<211>

<212>

2
120
PRT.
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Page 1 <213> Rattus norvegi cus 1102636 <220> <221>
Ser 28 to G n 146 processed form <222> (1)..(120)
<400> 2 ser Lys Cys Pro Leu Met Val Lys Val Leu Asp
Ala Val Arg Ay Ser 1 5 10 15 Pro Ala Val Asp val Al a
_ Val Lys Val Phe Lys Lys Timn26t& Asp Ay 20 25 30 Ser
<213> TRppug omegifise Ala Ser Ay Lys Thr Ala Qu Ser Gy
' GQu Leu 35 40 45 Hs dy Leu Thr Thr Asp G u Lys Phe
<220 Thr Au dy Val Tyr Arg Val 50 55 60 G u._Leu ASpThr
<221> Bys"28Ses GTyrldbr prdoesséd doteu, <Ay |l e:-Ser Pro_Phe 65
<222> f%) 7818®» Hs Au Tyr Ala u Val Val Phe Thr Ala Asn
<400> p Ser Ay His Arg 85 90 95 His Tyr Thr Ile Ala Ala
eu Leu serPro Tyr Ser TyrSer ThrThr 100 105 110 Al a
ier Lys\Vays Vab Lsﬁeer-’tsnaPruysG/ai %gun Asp 146 a1 24l Rageﬂ& Ser

Pro Ala val gsp val Ala val Lys val Phe Lys Lys Thr Ala Asp Gly
0 25 30

Ser Trp Glu Pro Phe Ala Ser Gly Lys Thr Ala Glu Ser Gly Glu Leu
' 35 40 45

His ggy Lteu Thr Thr Asp géu Lys Phe Thr Glu g1y val Tyr Arg val
0

WWmmgguLeumAspThrLysSerTerrpLysz'IaLeuyG1yI'IeSerPro =] o 1=

70 75 80

His Glu Tyr Ala Glu val val Phe Thr Ala Asn Asp Ser Gly His Arg
: .85 90 95

— His Tyr Thr-Ile-Ala Ala Leu Leu Ser Pro Tyr Ser Tyr Ser Thr Thr -
e T 40040400 1 s ) M

Ala val Véi.sef Asn.Pro G1h Asn -
115 120
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