Quantitative Determ nation of Proteins from Formalin-Fi xed Ti ssue The
present invention relates to a nethod with which proteins, in particular

intact full- length proteins from biological sanples fixed in formalin can
be solubilised and later quantified. In many countries fixing tissues in
formalin for subsequent histopathological investigation is a standard

procedure in order, for exanple, to differentiate healthy from di seased

ti ssue. Formalin-fixed and paraffin-enbedded (FFPE) tissue has been

coll ected for decades and is the source of innunerable diagnostic studies.
Ti ssues from nosQuantitating Déteoninzitioh exf BnotethssfearnForsiatindixed Tissue
before/during/after therapy, etc. are available. FFPE tissue offers the
advant age that the norphology is retained to a high degree. However, ow ng
to crosslinking macronol ecul es (DNA, RNA, proteins) can no |onger be
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routine, eve | ow n aser - Support t'issue m crodi ssectl oh e’sane
coul d al so afAsl o lesger be investigated adequately. According to current opinion formalin-fixed

tissue is unsuitable for isolating proteins routinely and reliably in sufficient amounts
for subsequent quantification (e.g. Espina et al. 2003). Accordingly, alternatives to
fixing tissues in formalin for subsequent quantification of macromolecules are being
sought. Cited here are interalia the freezing of tissue (cryosections) and the currently
discussed experimental fixation methods such as, for example, 70% ethanol (e.g.
Ahram et al. 2003). Frozen material is indeed an excellent source of
macromolecules, but the collection, processing and storage of the tissue is
expensive. The experimental fixating methods are a good compromise between
maintained morphology and integrity of the macromolecules; however, they play no
large role in retrospective studies.

The candidate molecules identified by the human genome project will have to be
tested at a protein level for their clinical applicability in large retrospective and
prospective investigations. DNA and RNA analyses had previously not been
considered feasible with formalin-fixed material. Today such analyses are routine,
even following laser-supported tissue microdissection. The same could also apply to
protein analysis. The methods for the isolation of nucleic acids differ considerably
from those for the isolation of proteins. For example, no proteases may be used in
protein isolation, for in this way proteins are digested and are thus no longer intact.



protein analysis. The nmethods for the isolation of nucleic acids differ
considerably fromthose for the isolation of proteins. For exanple, no

prot eases may be used in protein isolation, for in this way proteins are

di gested and are thus no longer intact. 1 The nethod of Expression

Pat hol ogy (WD 2004/ 080579 A2) is concerned precisely wth this point and
uses proteases in conbination wwth the effect of heat in order to isolate
proteolytic fragnents - that is, peptides. These can be anal ysed in
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means of an antibody to the target protein. The DNA-protein linkages are then
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broken down by the action of heat and the proteins are destroyed by proteases.
Finally, it is established with the polymerase chain reaction (PCR) whether a certain
DNA sequence has been co-immunoprecipitated using the specific antibody. Heat
action is here the principle of the break down of the crosslinking caused by formalin.

{2) Antigen retrieval. Antigens frequently lose their immunoreactivity through formalin
fixating. Immunohistological studies with many antibodies were therefore only
possible within limits. Today methods are available with which the immunoreactivity
of most antigens can be recovered (antibody refrieval). The principle here is - after
deparaffination and rehydration of the tissue section - the action of heat on the tissue
in aqueous solution. However, quantification of the reaction in immunohistochemistry

is only possible within limits.

A method for the preparation of a biomolecuie lysate is known from WO 2004/080579
A2 in which formalin-fixed tissue samples re-heated in a buffer system and then
treated with a proteclytic enzyme in order to degrade the tissue.

There is, however, currently no method available with which intact proteins from
formalin-fixed fissue can be reliably investigated quantitatively and sensitively with



Is only possible within limts. A nethod for the preparation of a

bi onol ecul e lysate is known from WD 2004/ 080579 A2 in which formalin-fixed
ti ssue sanples re-heated in a buffer systemand then treated with a
proteolytic enzyne in order to degrade the tissue. There is, however,
currently no nethod available with which intact proteins from
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protein from such samples, for example for determination with protein arrays.

Consequently, these methods are unsuitable to determine disease markers in daily

clinical routine. The increasing demand for the quantification of proteins from

formalin-fixed tissues cannot be met with Western blots alone, neither in the clinic nor

in research. Currently the development of high throughput methods, for example

protein arrays, are becoming highly significant. Intact proteins from formalin-fixed

tissues are currently considered not investigable with protein arrays (Espina et al.

2003).

The problem of the invention is therefore to provide an improved method for the

extraction of proteins from formalin-fixed biological samples.

The problem was solved by a method for the quantitative extraction of proteins from a
formalin-fixed biological sample whereby the biological sample is incubated in a
buffer at a temperature which is adequate to release the proteins, whereby the buffer
contains a detergent and no proteolytically active compound, and the biological
sample in the buffer is first heated and then incubated further at a temperature higher
than 60°C. Further improvements of the invention follow from the respective

dependent claims.



protein arrays, are becomng highly significant. Intact proteins from
formalin-fixed tissues are currently considered not investigable with
protein arrays (Espina et al. 2003). The problemof the invention is
therefore to provide an inproved nethod for the extraction of proteins from
formalin-fixed biological sanples. The problemwas solved by a nethod for
the quantitative extraction of proteins froma formalin-fixed biological
sanpl e whereby the biol ogical sanple is incubated in a buffer at a
tenperature which is adequate to rel ease the proteins, whereby the buffer
contains a detergent and no proteolytically active conmpound, and the

bi ol ogical sanple in the buffer is first heated and then incubated further
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but no adequate heating of the sample followed (e.g. not higher than 60°C, thus too

low a protein yield). Only the use of the method described here, namely for example

(a) the use of a protease-free buffer, (b) the use of a detergent AND (c) the higher

heating (warmer than 60°C for longer than 50 seconds) led in an unexpected manner

to intact proteins in amounts sufficient for subsequent accurate quantification.

Further detection methods for isolated intact proteins can then be, for example,
Western blots, protein array, immunoprecipitation, SELDI-TOF mass spectrometry,
ELISA and 2-D gel electrophoresis.

In the following the invention will be further illustrated on the basis of embodiment

examples.

Figure 1 shows an example of a clinical application of the method according to the

invention.

Fig. 2 shows by way of example the improved protein yield by incubation of the tissue
samples at warmer than 60°C. Shown is the yield of alpha-tubulin (intact protein, 50
kDa) by Western blot after incubation of the samples at 60°C (left) in comparison to
the method according to the invention (>60°C, e.g. 80°C, right).



heati ng (warner than 60C for |onger than 50 seconds) |led in an unexpected
manner to intact proteins in anmounts sufficient for subsequent accurate
gquantification. Further detection nethods for isolated intact proteins can
then be, for exanple, Wstern blots, protein array, inmunoprecipitation,
SELDI - TOF mass spectronmetry, ELISA and 2-D gel el ectrophoresis. In the
followng the invention will be further illustrated on the basis of

enbodi ment exanples. Figure 1 shows an exanple of a clinical application of
t he met hod according to the invention. Fig. 2 shows by way of exanple the

i mproved protein zleld by incubation of the tissue anpl es at warner than
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Vst ern bl ot raft@FmdiRGHRatikQesOf the sanples at 60C (left) in conparison to
t he net hod accordlﬁ?lg to th'ea{éﬁventlon (>60C, e.g. 80C, right). 4 Fig.3 shows

the correlation of two proteins (E-cadherin, alph-tubulin) after extraction

from formali md ip@awt 15 UsRelatlonBend: eﬁ\ﬁf\é@el‘rp@og EBleRlid bRe RREMBER o\‘\?ﬁa[ ern

bl ot (detection of the 1ntactness o enonstration o
anti body spe®rateigs, tqefn%ﬁaam%ofsamp@ssspeca‘wﬁy oandathﬁeau@peétfomﬁ@ fgversei n

array (dot blygide Fprgfegm,;iays(ggmoﬂ he correlation of beta-actin after
extraction from FFPE sect’i ons th buffers containing different reduction

agents. Either an intact protein or several intact proteins can be detected

and quanti fi eg W {Howst 8 d&h@&ﬁ&‘i o%&ﬂ%m Rfet Ekch%ﬂBﬁ @i Pf’latls\écﬁgnfsf\ﬁ{he”t

cell compartnents, for exanple cell nuclei, cytoplasm or the cel
nenbr ane, caRuffgrs P@'@iﬁ@t@cﬂ'ﬁ%@“ﬁ%ﬂ’%ﬁ“a’hég% .ermined quantitatively. The
i solated intact proteins may be dil uted, that is dilution series and thus

internal standard curves can be created. In this way it is possible to
ensure that Efther andpiast P’@F?"hﬁ'ijs%}’ﬁéﬁ*\ﬂﬂt?qt@éqt?'ﬂﬁ06‘? be Hetesteémdrwaa&fwrwwhn t he

l'inear regi othe MSENt method. Proteins from totally different cell compartments, for exampie
cell nuclei, cytoplasma or the cell membrane, can be isolated reliably and determined
quantitatively. The isolated intact proteins may be diluted, that is dilution series and
thus interna! standard curves can be created. In this way it is possible to ensure that
the detection and quantification of the proteins occur in the linear region. When
required the proteins can be investigated in advance by Western blot to ensure that
no cross reactions of the detection agent used, for example antibodies, take place
(only one specific band of the correct size in the Western blot). The quantifiable intact
proteins isolated by the method described here supplement in an optimum manner
results from immunohistochemical analyses that are already carried out in daily clinic
routine. Thus, for the first time the exact and sensitive quantification of intact proteins
(a problem of the present invention) and the cellular assignment of protein
(immunohistochemistry) are possible in fixed tissue. Known disease markers, for
example Her2/neu in mammary cancer patients, can now be determined clinically
with an accuracy previously unknown. Moreover, new disease markers can be
identified comparatively between a healthy and a diseased tissue by the method in
which the isolated intact proteins are analysed by conventional protein methods, for
example mass spectrometry. Animal tissues can also be investigated with the
present method. Animal models are already available for many human diseases, for
example tumour diseases. The animal tissues are typically fixed in formalin,
embedded in paraffin and examined histopathologically. The present method for
protein isolation can be used for a precise, sensitive and efficient quantification of
known and new disease markers in this model, for example by protein arrays. 1t is a



required the proteins can be investigated in advance by Western blot to
ensure that no cross reactions of the detection agent used, for exanple
anti bodi es, take place (only one specific band of the correct size in the
Western blot). The quantifiable intact proteins isolated by the nethod
descri bed here supplenent in an opti num manner results from

I mmunohi st ochem cal anal yses that are already carried out in daily clinic
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with the application pack. The present method can be used for both clinical
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formalin-fixed tissues. In this way even chemically modified proteins, for example
phosphorylated or glycosylated proteins, can be detected. Thus far only
immunohistochemistry is used clinically for protein investigation on formalin-fixed
material. The present method of protein quantification provides supplementary
information on the expression of known and new disease markers with as yet

unknown accuracy in clinical routine.

Through the construction of protein arrays quantitative proteome investigation is on
its way to becoming a part of clinical routine. However, formalin-fixed tissue samples
cannot be investigated currently with these high throughput methods owing to poor
protein yields. The present method removes this deficiency. Three exemplary
strategies of microarrays for detecting proteins which can be incorporated into the
present method will be described here. 1. The so-called sandwich immunoarray
(antibody array I}. In this form of array a protein-binding molecule, for example an
antibody, is coupled to a solid surface. The proteins isolated according to the method
described (antigens) are specifically bound by the antibody and can then be detected
with a second specific antigen-binding antibody, which is tagged for detection. 2.
Antigen capture array (antibody array Il). Here too, protein binding molecules, for
example antibodies, are coupled to a solid surface. The proteins isolated according
to the present method are coupled with a detection agent, for example a fluorescent



the isolation of proteins fromformalin-fixed tissue can be optimally

I ncorporated into daily clinical routine. In this way significantly nore
preci se diagnostic and therapeutic nethods can be enployed. Figure 1 shows
an exanple of the clinical application of intact proteins fromroutinely
formalin-fixed tissues. In this way even chemcally nodified proteins, for
exanpl e phosphoryl ated or glycosylated proteins, can be detected. Thus far
only imunohi stochem stry is used clinically for protein investigation on
formalin-fixed material. The present method of protein quantification
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surface. Thetpriebentst biet! at ed accor d| ng to the present method are coupl ed
with a detection agent, for exanple a fluorescent 6 dye and then first
bound specifically by the antibody. In this way bound proteins can be
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disease markers in tissue sample under clinic-near conditions. 1t was discovered in
an unforeseeable way that the combination of previously unsuccessful techniques is
pivotal for a high vield of intact proteins from fixed tissues required for the
investigation of small tissue samples (e.g. biopsies). In previous methods the tissue
samples are, for example, first heated to 100°C, followed by a longer period of
heating at 60°C. It was discovered that extended heating of the samples at 60°C is
not sufficient to obtain a high yield of protein. Heating the samples to more than
60°C, for example to 80°C, led to a significantly higher amount of dissolved protein
(Fig. 2). The method according to the invention can be correspondingly made up of
the following steps:

(a) blocks of formalin-fixed and paraffin-embedded tissue samples are cut;

(b) the sections are freed from paraffin;

(c) the tissue areas to be investigated are excised from the tissue section either
manually or by laser microscope dissection (optionally the whole tissue can be
investigated);

(d) the excised tissue pieces are transferred into a buffer that contains a detergent
and is free of proteolytically active compounds. No proteases such as, for example,
trypsin or proteinase K may be used in order to ensure the integrity of the proteins;



can be di spl ayed conparatively by the use of different fluorescent dyes
(e.g. C-3 and Cy-5). 3. Direct protein array (reverse phase protein
array). In this nmethod the proteins isolated according to the nethod
described are dropped directly onto a suitable surface, for exanple
nitrocel l ul ose or PVDF, and the bound proteins detected directly or
indirectly with specific antibodies (wth a second detection antibody).
Signal anplification nmethods (e.g. CSA from DAKO permt a very sensitive
and specific detection of proteins in solution. This nmethod is very simlar
to the knowie)diod Sd{l'hpiES in‘l'tlhe buffereareifiost i‘pate’di(tilﬁ%"é? tae 002}, T ingulzationftimeat | on

the'firot v ft o o Bieruc IR B E A0 BRuAE cnkdirs ATRaPTHh feelile '
sanpl ﬁatjn?ﬁ;fm:Iexamplen@'athecsmmcbrﬂthmr.;plé.t was gl sc]?ver ecei in 3n unf or e;s\e/g?g: e
:‘Ng?/ ; hi gh ylfiﬂg:%% %1%) hﬁgo el?b%ge(:{‘ gto#\q%ﬁﬁ%%ﬁf ?é%\}e E&?‘J ﬂefsséj ﬁjr Che

i nvest i gat i omcolpatondine ?6@§mnsmnplfe|se>(ampgp fromopbowrsd 6 rhaurapr‘léhel roasmmet hods

the tissue ﬁ\%ﬂ?&ltfbﬁ i eeat ufa?r%eglé%ng spéﬁlgthola\%%reg tle[%ﬁ{iQaQ'\CIqE&J éOWEd by a

| onger period 0 scovere ate ext endad heati ng of
t he sanpl es &) idae nre;tema@tre sovfin edletmn incubiivieat amaurits ghd garl fdr efampiettei n.
Heating the &ﬂ%hﬁés to nore than 60C, for exanple to 80C, led to a

Si gnificantl§ gher amount of dissolved protein (Fig. 2). The nethod
according to the invention can be correspondingly made up of the follow ng

stepsi (@) Dpgkaufle LAY BrbbiierH ARkl SEORRLSY, bl STHGUSRTR] oo are

cut; (b) the section om para Sue areas to be
i nvest i gat edexrastiexbuffse thaft conteins & TTi lsslaed dbwas @stalélshedathat tﬁaru;aldf PTaérasby

| aser micr osgegg?ag a?;%ﬁ@k‘d% ég,%lcﬂl%ﬂ 'penbfitgar Vil %f%&aﬁ?"? 'r‘ﬁéﬁ ‘98 ein. et fer

i nvesti gat ed e ‘eXCI se. t1ssu p1r eces "are transterr
t hat cont ai nsd\@nw@eexf@vﬁembawmenbhe&mastmﬂartyrl@ﬂ@@met lysate Ioptaawuoae b@cmipounds.

No proteases,sucRnfified WRECR¥<AAR! Farticularly well with commercially available protein

guantification assays known to the person skilled in the art such as BioRad DC ® or
BCA assay ® from Pierce and used in the further analyses. Dilution of the samples
can be dispensed with, thus avoiding measurement inaccuracies, and ensures that
the same amounts of protein are used in the subsequent analyses (e.g. Western
blot).

Fig. 1 shows an example of a clinical application of the method according to the
invention. The high yield of intact proteins from formalin-fixed tissues allows for the
first time an integration of histology, immunohistology and quantitative protein
expression on routinely obtained biopsy or dissection material. The method allows,
for example, the precise investigation of disease markers by protein arrays in

different disease stages (premalignant, invasive) or before and after therapy.

Fig. 2 shows as example the improved protein yield by incubation of the tissue
sample at warmer than 60°C. The yield of alpha-tubulin (intact protein, 50 kDa) by
Western blot after incubation of the samples at 60°C (left) compared to the method of
the invention (>60°C, e.g. 80°C, right) is shown.

Fig. 3 shows the correlation of two proteins (E-cadherin, alph-tubulin) after extraction
from formalin-fixed tissues. The signal intensities of the two proteins correlate



trypsin or proteinase K may be used in order to ensure the integrity of the
proteins; 7 (e) the sanples in the buffer are first heated (to 95C to 100C).
The incubation tine can vary, for exanple from5 mnutes to 40 m nutes. The
time of heating can depend, for exanple, on the size of the sanple.; (f)
the sanples are then incubated at a tenperature above 60C (e.g. 80C). The

I ncubation time >60C can vary, for exanple from1l hour to 6 hours. The

maxi mum incubation time at warmer than 60C shoul d, however, be |less than 16
hours; (g) intact proteins are now in solution in sufficient anounts and
can, for exanple, be quantified. In a further preferred enbodi nent of the
met hod accor ékealjently witteorienarmtiteérothatin intact torateins oan beitérerlatett aith coatadther DTT i s

d. It j .Of : . s t, |
used. 11 v b SHee Al R 0ABIPRATLE DTSR ALER o be 3
thi s enbodi manprotdiedyssde tfranul raningl icnlonhtigsue harel gralysedoby aMvVesidrnc dlvt.oEBorcan be
tified di . y | | ; : :
Arotel n -quaneitiol, A8 NeRBE it Hodh erdke! andibid], SOBRG L e S ARG e,
as Bi oRad DCYfrgrdor ungilgtedssample.(r) from Pierce and used in the further

anal yses. Dilution of the sanples can be dispensed with, thus avoiding
measur enment i naccuracies, and ensures that the sanme anounts of protein are

used in the §ighdcownttheisairsigian betwgen Wastasn ot imeagurerreng. of the fndegsitaef
exanpl e of augldRi-GR! ' ' ; di lsaent i on.
The high yi ol B elﬁ.ﬁt %%ﬁ%ért'%{mé'? ﬁfsqaﬂ’gr?{] %ﬁ%’ﬁ?%ﬁ?gﬂmﬂé&sﬁﬁg@%|r%‘)\?g§éfor t he
first time arhasetrigiei poay (sfot Riotk Bifteggnt diluiansdhizsodl: 64y obaeraeinriysateael ve
protein eXphSﬁ?dTJ %lo‘ﬁ“tiés‘agtérBE%h\Yesﬂgétéﬁ ’?ﬁ%@ét&ﬂsbﬂo%n@'d%??ﬁ%! MedEH Bhded - The
met hod al | ows, or exanple, the precise investigation of disease narkers by
protein arr apsrcenfage|iveiues e3re M@t@gﬂatwa@e@e(w@mﬂiWQ far rdepsiomsfricor
bef or e and abidifarloR e tem)Fi(Ghaiidted QWmpRS LXAITL)S NEGathEP'RY8H Ghfb Vi €l d
by incubation of the tissue

(extraction buffer); positive control {protein lysate from deep-frozen colon tissue).

Fig. 5 shows the correlation of beta-actin after extraction from FFPE sections with
buffers containing different reduction agents. (A) Intact proteins were isolated from
normal brain tissue with the two extraction buffers EB (contains B-mercaptoethanol)
and EB 2 (contains DTT). Dilutions of the protein lysates were analysed in the dot
blot by B-actin immunocolouration. The signal intensities correlate excellently. (B)
The protein concentration of the protein lysate prepared with the extraction buffer EB
2 was determined with commercially available protein guantification kits. (C) On the
basis of the protein quantification with the protein quantification kits and the
correlation in the dot plot each of 20 pg of the two protein lysates were separated in
SDS-PAGE and the amount of B-actin determined in the Western blot. The signal

intensities from the two samples correlate well and can be quantified.

Buffers or buffer systems within the meaning of the invention relate to a buffer with a

specific pH value within the range of 1.0 to 9.0.

All detergents known to the person skilled in the art and suitable for cell lysis can be
used as detergents for the method according to the invention. In particular SDS,
sodium deoxycholate, CHAPS, Triton X100, Nonidet P40 or Tween 20 are used as

detergents.



sanpl e at warner than 60C. The yield of alpha-tubulin (intact protein, 50
kDa) by Western blot after incubation of the sanples at 60C (left) conpared
to the method of the invention (>60C, e.g. 80C, right) is showm. Fig. 3
shows the correlation of two proteins (E-cadherin, alph-tubulin) after
extraction fromformalin-fixed tissues. The signal intensities of the two
proteins correlate 8 excellently with one another, that is intact proteins
can be correlated with one another (quantified) after isolation from
formalin-fixed tissue. Different dilutions (1:2 to 1:16) of a protein

| ysat e from fAdenehcardiation bf detergeat earahal fps exhniple Vié $4160m Rartixulariy preferred

illustrati ontﬁ@gqntcéétﬁagﬁp:raqieg%\é@ﬁgﬁe%r%f@{gﬁ%fter scraping fromthe slide

(arrow). Unver e shows the correl ation between
Western bl ot (measurenent of the integrity of the proteins, denonstration

of anti body ificit apd t i ol est, . f. of ,a.rever S rotein
array (dot b?@ﬁ ﬁémh?%'fté%ebnl{ﬂgrdic?ﬁtcﬁg%s’? %&Q{@@W:re%l%ngofe ggﬁ‘rso@gﬁna%l ?/‘g'ate of
nor mal col on dithisdllethegite DITRY EEEPgatEA.i n Western bl ot and dot blot. In each
case percentage values are plotted relative to the undiluted sanples for

densionetric evaluation (bottom (undiluted sanple = 100% . Negative,
negat i ve contPrateolyljcally meitei ompsuhdswithin pesimeanisg obtherioventipn atecimddrsteat e from

deep-frozen LSS i . I i f. b - in after
extraction f ?%%1%%%3%98&&%‘?#%?@9% fgg‘%l)fag%'pﬁ% hg"qe i W‘C eeﬁéﬁﬁnggtgg%ct ion
agents. (A lantproteapest ivi particwiae tiypsihatchymétrypsin, mapanl pdepsinn prorsseeand t h t he

two extracti %gdw{)tgﬁ,%ge ﬁ_%sfépﬁﬁﬁﬁé?ﬁo%é nﬁ&éﬁ%@a‘i’lp Ség@géi)%”?@g”%{’%th&f@{g giyns

DIT). Dilutions o protei n I'ysates ‘were ana
(3-acti n i nmesoivgoafrtae i oventidin @rs iatpoaton-erzgmeatic iselsstenmes ghatt ereesuitabledot | y.

(B) The pr otcgif,gpgggﬂggél\rﬁgéﬁ ggPFgm&C g,protein lysate prepared with the

extraction bu ermned with comercially available protein
guantification kits. (C) On the basis of the protein quantification with

Lne prote n Giidd el withih %h@f?ﬁeénh@ o " @!’é&ioﬂf‘cain“bé URoRObrgBhighs £aCh Of
20 g of the two Pprotel ysates were separated 1n

tissue sections, tissue samples, body fluids, cellular or viral material. Preferably the

method according to the invention is used with tissues samples and/or cell cultures.

The samples can be human or animal biological samples, but also samples from

bacteria, viruses or a monocellular organism.

The biological samples are preferably fixed in formalin and/or fixed in formalin and
embedded in paraffin.

The present invention thus describes a method for the extraction of proteins from
formalin-fixed biological sample, whereby the biological sample is incubated in a
buffer at a temperature that is sufficient to release the proteins, whereby the buffer
comprises a detergent and no proteolytically active compound, and the biological
sample in the buffer is first heated and then further incubated at a temperature above
60°C.

The biological sample is preferably heated in the buffer for 5 to 40 min. Particularly
preferred the biological sample is incubated for a period of 20 min to 16 h.

A particular advantage of the present invention is that the released proteins are

essentially intact.
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SDS- PAGE and the anount of p-actin determined in the Western blot. The
signal intensities fromthe two sanples correlate well and can be
quantified. Buffers or buffer systens within the neaning of the invention
relate to a buffer with a specific pHvalue within the range of 1.0 to 9.0.
Al'l detergents known to the person skilled in the art and suitable for cel

| ysis can be wused as detergents for the nmethod according to the invention.
In particular SDS, sodium deoxychol ate, CHAPS, Triton X100, Noni det P40 or
Tween 20 are used as detergents. 9 The concentration of detergent can be,
for exanple, 0.1-10% Particularly preferred the concentration range lies

redue g eadih: ekl 1 BERIaBlY, SR, ol EERRAR.' GRABS, Tk o

Pr ot eol yti calNopidatP4¥er Teeg@lnds wi t hin t he neani ng of the i nvention are
understood to conprises all protein-cleaving conpounds, for exanple
proteolytic enzynes such as proteases, in particular trypsin, chynotrypsin,
papai n, pepsiThe buffenpreterabiy compdegs an efditisl rgducibg Eagericunbras, 1,4-dithio-

prot eol yti caly, %,2qk KeECPRRRYP Wi thin the nmeaning of the invention are
al so non- enzynaplc Subst ances at are suitable for cleaving proteins, such

as bronocyan. Bi ol ogl cal sanples within the neaning of the invention can be

whol e or gani gfffen he dy@?a?%%h{g%ﬁ a Ehip Methétalg%gé in Pcﬁﬁ?énﬁ 'aH&% beﬁS’éJ Wl ar or

viral materi | rreth accor |nven Ion 1s used
with tissues psaifipl éss cmwaraiﬁnaé@d lbefgu@mrqtemxtraqtm sanpl es can be human or
ani mal bi ol ogi cal sanples, but also sanples from bacteria, viruses or a

monocel | ul ar organi sm The biol ogical sanples are preferably fixed in
f or mal i n andAordiantage efihe orethad accaniing teimwedtierdisithanpthe gktragied Mieteins eavent
invention thysqdesFiidsa@gmet hod for the extraction of proteins from

In particular, the extracted protein can be fractionated in one or several steps.

A further advantage is that the proteins can be subsequently quantified.

The quantification of the proteins is preferably carried out by the method of Lowry or
BCA, whereby other quantification methods, in particular protein arrays, can also be
used.

The extracted proteins can then be treated further by means of proteolytic enzymes
such as trypsin, chymotrypsin, proteinase K, papain, pepsin, pronase,
endoproteinase Lys-C, endoproteinase Glu-C — or glycosidases - such as
endoglycosidase H, N-glycosidase F, neuroaminidase) or phosphatases.

It is advantageous that the proteins can be used for at least one biochemical assay.

For example, a preferred biochemical assay is a protein array such as a microarray,
in particular a sandwich immunoarray, antigen capture array or a direct protein array.

The biochemical assay can preferably serve for the determination of one or several

diagnostically or clinically relevant marker proteins.

11



formalin-fixed biological sanple, whereby the biological sanple is incubated
ina buffer at a tenperature that is sufficient to rel ease the proteins,
whereby the buffer conprises a detergent and no proteolytically active
conpound, and the biological sanple in the buffer is first heated and then
further incubated at a tenperature above 60C. The biological sanple is
preferably heated in the buffer for 5 to 40 mn. Particularly preferred the
bi ol ogi cal sanmple is incubated for a period of 20 min to 16 h. A particular
advant age of the present invention is that the rel eased proteins are

essential ly imtamy thel hafiee piistbing gon af lsaﬁrt%ef@@j;aal SlamslesscadiumOmpared

d hol at b ff
ot iyl o ¢ uitbrenecancliar, B Bh sxama R Olkar e oL RSy CRanae Bierefiateo.

DL-threitol, FD?EEerm'B(rE%@ésé‘@kan\Mwlbé barriéd 0htoglacmghaanmh;ﬂex %va isargel & t hat

is fixed in formalin and e E dded iE paraffin, it is deparaffinated before
protein extré‘E?]V%%oneAW'Hﬁr\?d'ﬁ é{ﬂg"&?r %Re nethod according to invention is
than the extracted proteins can be further fractionated. In particular, the
extracted prg;g,tfe_;t | qan b% fraﬁtlg ﬁ)tedl'n one. or ever al A flurther
advantage is'f 5{"3 T 958! SABRE(Sefit I uﬁuﬁ"’fﬂ‘??’l E‘H Ofple a

quant i fi cat i dormafin-fikeel gangile thas is snipdebe ingddrafficarri ed out by the nmethod of
Lowy or BCA, whereby other quantification nethods, in particular protein
arrays, can also be used. The extracted proteins can then be treated
further by mPartsulafly preféresd thiei iuffendyesesot contain a prdieasesasnproteoipticdly\qosven,

pr ot ei nase Kcogggl?ni&n, pepsi n, pronase, endoproteinase Lys-C, endoproteinase
G u-C - or glyc ases - such as endogl ycosidase H, N-glycosidase F,

neur oam ni dase) or phosphat ases.

Moreover, the present invention provides a kit for the quantitative extraction of intact
proteins from formalin-fixed biological samples comprising

(a) A buffer system that contains no proteolytically active compound, and

{b) a detergent.

Preferably the kit comprises SDS, sodium deoxycholate, CHAPS, Triton X100,
Nonidet P40 or Tween 20 as detergent.

Particularly preferred the buffer does not contain a protease as proteolytically active

compound.
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It is advantageous that the proteins can be used for at |east one

bi ochem cal assay. For exanple, a preferred biochem cal assay is a protein
array such as a mcroarray, in particular a sandw ch i munoarray, antigen
capture array or a direct protein array. The biochem cal assay can
preferably serve for the determ nation of one or several diagnostically or
clinically relevant marker proteins. 11 Thereby the nmarker proteins from at

| east two biol ogical sanples can be conpared wth one another. Thus, for
exanpl e, diseased and healthy can be differentiated. Furthernore, the assay
can al so be Embodiieptiexaplashi gher nultiplex level in order to analyse one
or nore relevant markers Particularly preferred the biological sanple is a
ti ssue sanple, for exanple a formalin-fixed sanple that is enbedded in

par af fi n. Pafxanplet:Rropeinfextraction Frenbioimalin-fized tinste cont ai n a prot ease as
proteolytically active conmpound. Mreover, the present invention provides a
kit for the quantitative extraction of intact proteins fromformalin-fixed
bi ol ogi cal sdmphedoloaingr estypngal ajotein axtrhetions geioedimg Hatthe gmeseinh sneatibod is

onpr i ses spdcterBel it Ba RiicaRl harhibindty BT RRERY y dOTh Adiphd .
Tween 20 as demgargontto skadaidcmibtioly isphestratedad Fihe. Bhhé experitpes operatog it ai n a
D hrotei n eHIHE Sokwfione, B binkfor FRRBE g ol iRl ol BERIGRAC BT, ©
prot ei n ext r differenh copesititinggnd pH valugsr@adstusedt Tredusesof adistergetteelgi BDBet ai | .
A significany,d gRiRY SFHY sdhihidfat BERE & Toodt &nd) ih@subdlitie MBI iGN at more

than 60°C (e.g. 80°C) are, however, pivotal; in addition no proteases may be used.

The times for the respective heat treatment and the volumes of buffer can vary. Also

variable is the manual communition of the tissue. it can be carried out mechanically

{e.g. with a pestle) or, for example, with ultrasound. Typical times and volumes are

listed here. The result of a correlation of two proteins from formalin-fixed tissue is

shown in Fig. 3. The first protein array with intact proteins from formalin-fixed tissue is

shown in Fig. 4 (reverse phase protein array, dot blot).

Typical procedure:

1. Prepare 2x10 ym sections from the same paraffin block

2. Deparaffinise sections

2.1. 10 min xylene, repeat 2x

2.2. 10 min 100% ethanol

2.3. 10 min 96% ethanol

2.4. 10 min 70% ethanol

2.5. Transfer sections to distilled water

3. Remove sections from distilled water, dry briefly (but should not dry out)
4. Scrape off tissue area with a canulla

5. Transfer excised tissue on canulla into 100 pl extraction buffer (EB)* (tissue from 2
sections per 1.5 ml reaction vessel)

6. Grind well in extraction buffer with Teflon pestle, place on ice

7. Vortex, place on ice

8. Repeat steps 6 to 7 once

9. Pull solution carefully through syringe carefully several times

13



conparison to standard methods is illustrated in Fig. 2. The experience
operator will nodify sonmewhat one or other of the steps of the protocol.
Buffers with sonewhat different conpositions and pH val ues can be used. The
use of a detergent, e.g. SDS, the heating of the sanple at 95C to 100C and
t he subsequent incubation at nore than 60C (e.g. 80C) are, however,

pivotal; in addition no proteases nay be used. The tinmes for the respective
heat treatnment and the volunes of buffer can vary. Also variable is the
manual communition of the tissue. It can be carried out nechanically (e.qg.
with a pestle) or, for exanple, with ultrasound. Typical tinmes and vol unes
are |isted HbaneihﬂmmeBUbe of a correlation of two proteins from

ol B B Bl PR, Pr Lol 3w

phase protei f2.20maiy 108W@ (Matethath)Typi cal procedure: 1. Prepare 2x1 0 pm

sections fro{?ttzg‘%“%gg@&%ﬁﬁ]}hﬁf%’%k 2. Deparaffinise sections 2.1. 10 mn

xyl ene, repea ethanol 2.3. 10 mn 96% ethanol 2.4. 10
m n 70% et hatb15ib ceftritugafiar, 48@.ctd500sprio distilled water 3. Renbve sections

from di'sti |16 RLGL s BLLel bk (Dt P DAULA. Nolo il daic 4. Sorape of

ti ssue area vmt rans excl sed fulla into 100 pl
extraction buffer (EB)* (tissue from2 sections per 1.5 nm reaction vessel)

6. Gind well t ) Le .place on ice 7.
Vortex, pl acep'lgﬁar?ﬁaﬁ gfé)é{g&eéﬁ%jsft@é %Q)Bﬁtpg‘ﬁ?(bgﬁ'ggggg'ﬁwg 2";Iol ution carefully
t hr ough Syrimgy L@avmmufﬂeys@elvémﬁllom bramephenol blue) 10 ml batch

2.5mi1.25 M Tris/HCI (pH 6.8)

4.5 ml glycerol

2.8 ml beta-mercaptoethanol

19 SDS

to 10 ml with distilled water

[1 M Tris corresponds to 121.14 g ; 1.25 M corresponds to 151.43 g
1000 ml -- 151.43 g ; 50 ml -- 7.6 g; adjust to pH 6.8 with conc. HCI]

b. 2x Lammli buffer; 1000 pl 5x Lammii buffer + 1500 pl distilled water
¢. For 5 ml extraction buffer:

2.5 ml T-PER ® (Pierce)

+ 2.5 mi 2xLammii buffer

+ % complete Mini Protease Inhibitor tablet (Bayer)

Freeze aliquots at -20°C

14



13 10. Vortex, place on ice 11. Vortex, place on ice (if much foam short
centrifugation) 12. 20 mn 100C (water bath) 13.2 hours 80C (shaker, 750
rpm) 14. 15 min centrifugation, 4C, 12500 rpm 15. Supernatant into fresh 1.5
m reaction vessel -> ready protein |lysate Preparation of extraction buffer
(EB): T-PER (r) (Pierce)/Lami 1:2 a. 5x Lanm i buffer stock (w thout
bromophenol blue) 10 M batch 2.5 mM 1.25 MTris/HCI (pH 6.8) 4.5 nm
glycerol 2.8 m beta-nercaptoethanol 1 g SDSto 10 mM with distilled water
[1 MTris corresponds to 121.14 g ; 1.25 Mcorresponds to 151.43 g 1000 m
-- 151.43 g Exawmply 2: Protedn exteagfiontfrem BFPE.tesuet With oaiternaiiie] extoactibe Lammd |
buffer: 1000y eﬁEBbamﬂ' buffer + 1500 pl distilled water c¢. For 5 nl
extraction bu 2.5mM T-PER (r) (Pierce) + 2.5 m 2xLanmi buffer +'h
conplete M ni Pr ot ease Inhibitor tablet (Bayer) Freeze aliquots at -20C 14

Exanpl e 2: Pjpj %ffﬁ@?@&h‘eﬂf‘of‘ctﬁé’meﬁfoﬁlaﬁbbrﬁﬁx & etlnve%lhﬁrmq{(ﬁ ﬁ]%[ﬁ@(:t ion

buffer EB2 I n a enbodi nent accor Ing to e I nventi.on

DTT (1, 4-di t Hreitaiiis used. 9T bis) preferableusedimthe guwt@ﬁ@tmmfysq@e@ﬂ Prajeifs dor
quantificati gpaffle WikRlid BE MOREEASSY Kit® from the company BioRad or the Micro BCA
Assay Kit® from Pierce (Fig. 5)

The SDS concentration and the corresponding incubation times at 100°C and 80°C
were not changed. The advantage of this embodiment is that the concentration of
ready protein lysate can be determined directly with a commercially available protein
quantification kit without the components - here the special reducing agent -
interfering with the assay. The protein concentration can be better measured in the
linear region, if appropriate the sample must then be diluted owing only to the high
protein content. In this way a yet more accurate measurement result is obtained and

hence the respective amount of protein can be used in down-stream applications.

1. Cut 2x10 ym sections from the same paraffin biock and transfer to a reaction
vessel

2. Deparaffinise sections

2.1. 10 min xylene, repeat 2x

2.2. 10 min 100% ethanol

2.3. 10 min 96% ethanol

2.4. 10 min 70% ethanol

3. Add 100 pl extraction bufter (EB2)”

4. Vortex, place on ice

5. Pull up solution carefully into a pipette several times

6. Vortex, place on ice (if much foam: short centrifugation)

7. 20 min 100°C (water bath)

8. 2 hours 80°C (shaker, 750 rpm)

9. 15 min centrifugation, 4°C, 12500 rpm

10. Transfer supernatant into a fresh 1.5 ml reaction vessel = ready protein lysate

11. Quantification by commercial protein quantification kit
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exanple with the DC Protein Assay Kit(r) fromthe conpany Bi oRad or the
Mcro BCA Assay Kit(r) fromPierce (Fig. 5) The SDS concentration and the
correspondi ng i ncubation tines at 100C and 80C were not changed. The
advantage of this enbodinent is that the concentration of ready protein

| ysate can be determined directly wwth a commercially avail able protein
quantification kit w thout the conponents - here the special reducing agent
- interfering with the assay. The protein concentration can be better
measured in the linear region, if appropriate the sanple nust then be

di | ut ed ow nfltembtvetextrattentbuffler 2 gEBR)ei n content. In this way a yet nore
accurate neasure I j tai ned and hence the respective anount of
protein can be usmﬁé Mrﬁ%@v@“é'ﬁr&e m applications. 1. Cut 2x10 pm sections
fromthe same parZ@féhiglycelobck and transfer to a reaction vessel 2.
Depar af fi ni se seczt%% 2.1. 10 mn xylene, repeat 2x 2.2. 10 m n 100%
ethanol 2.3. 10™mn % et hanol 2.4. 10 mn 70% et hanol 3. Add 100 pl
extracti on bufferl tBB2)F (1, 4dithioiDiletkreitpl) ace on ice 5. Pull up sol ution
carefully into a pipette several tines 6. Vortex, place on ice (if nuch
foam short centrifugation) 7. 20 mn 100C (water bath) 8. 2 hours 80C
(shaker, 750Fregmy aByuotstatri2*@ent ri fugati on, 4C, 12500 rpm 10. Transfer
supernatant into a fresh 1.5 m reaction vessel 4 ready protein |ysate 11.
Quantification by comercial protein quantification kit 15
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Al ternative extraction buffer 2 (EB2) 90 mM Tris/HC (pH 6.8) 20 % gl ycero
296DS 1 mM DTT (1,4-dithio-DL-threitol) Freeze aliquots at -20C 16 Patent
claims 1. Method for the extraction of proteins froma formalin-fixed

bi ol ogi cal sanmple, whereby the biological sanple is incubated in a buffer
at a tenperature that is sufficient to release the proteins, characterised
in that the buffer conprises a detergent and no proteolytically active
conmpound, and the biological sanple in the buffer is first heated and the
i ncubated further at a tenperature greater than 60C. 2. Method according to
claim1, whereby the biol ogical sanple is heated in the buffer for 5 to 40
mn. 3. Method according to clain1ﬁ3 % whereby the biological sanple is
incubated for a period of 20 min tRAEETRIAMNS \et hod according to any of
claims 1 to 3, whereby the released proteins are intact. 5. Method
according to any of claims 1 to 4, whereby the detergent is SDS, sodium
deoxychol at e} (ﬁﬁh@ forr theopxtseetion okprateias froap aoformaliined. biglogival saeple.

according to a%e@ébycthé'Hi@oétcél%a%plé’%@h@@étéd"% Hulfrar arrs ddy é?ﬁ'l%}é ¥hat is
conpri ses redumﬂg@ngents such as 1, 4-d -DL-threitol, DTE, TCEP or MEA.

7. Method accory to wigpsgrthe pEoteing ﬂvractﬁﬂs@ ingatehs ‘buffer ‘ER’B‘N{?QF @al

sanple, when idetdr§erd dn@r B bidledjtical) mlc%msb@did@ﬂ thB HiGb@EA! SAmpleSin
deparaffinated before the protein extractio
the buffer is first heated and the mcubated further at a temperature greater than

60°C.

2. Method according to claim 1, whereby the biological sample is heated in the
buffer for 5 to 40 min,

3. Method according to claim 1 or 2, whereby the biological sample is incubated for
a period of 20 min to 16 h.

4. Method according to any of claims 1 to 3, whereby the released proteins are
intact.

5. Method according to any of claims 1 to 4, whereby the detergent is SDS, sodium
deoxycholate, CHAPS, Triton X100, Nonidet P40 or Tween20.

6. Method according to any of claims 1 to 5, whereby the buffer additionally
comprises reducing agents such as 1,4-dithio-DL-threitol, DTE, TCEP or MEA.

7. Method according to any of the claims 1 to 6, whereby the biological sample,
when it is a formalin-fixed sample embedded in paraffin, is deparaffinated before

the protein extraction.

8. Method according to any of the claims 1 to 7, whereby after extraction the

proteins are further fractionated.

8. Method according to 8, whereby the extracted proteins are fractionated with one

or several method stages.
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8. Method according to any of the clains | to 7, whereby after extraction
the proteins are further fractionated. 9. Method according to 8, whereby
the extracted proteins are fractionated with one or several nethod stages.
17 10. Method according to any of the clains 1 to 9, whereby the extracted
proteins are subsequently quantified. 11. Method according to claim10,
whereby the quantification of the proteins is carried out by the nethod of
Lowy or BCA. 12. Method according to any of the clains 1 to 11, whereby the
extracted proteins are treated with proteolytic enzynmes such as trypsin,
chynotrypsin, proteinase K papain, pepsin pronase, endoproteinase Lys-C,

endopr ot ei nasg MitHsdaccoin g:’ éf'tﬁlélﬁlg rbvl‘?e?eﬁﬁ@-@%?ﬁ 84 3AREndtare

N- gl ycosi dase F, neuroam n osp ases according to
any of clains ﬁumqygntlwm@néw the proteins are used for at |east one

bi ochem cal assay. 14. Method according to claim 13, whereby the biochem cal
assay is a proteln array such as a mcroarray, in particular a sandw ch

i munoar r ay, hMethad epsardingtosiaim 19 whgreby the atlantification of the praieinais.cated Met hod

according to clgj® thd n¥thdd of LMMRY PYcAhe biochem cal assay serve the
determ nation of one or nore diagnostically or clinically relevant marker

proteins. 16. Method according to claim15, V\/nereby the marker proteins

from at |easyy whocmdab%g% a@we%ﬁ\gq BT vﬁ w@tefbx%agagﬁaﬁé arel -

Met hod according to any o he’cl al ns ogi cal sanple
is a tissue s#fped. w'lfaprqmlmsde%msamg qsOtrmﬁ;m ocfhytrw@vesna. ppteinasg K.7,

whereby the prebgahybbsdh! Yronaké,vBndsPOEREE LyS-2 Bid¥pRASRase glu-C — or
glycosidases - such as endoglycosidase H, N-glycosidase F, neuroaminidase) or
phosphatases.

13.Method according to any of claims 1 to 12, whereby the proteins are used for at
least one biochemical assay.

14.Method according to claim 13, whereby the biochemical assay is a protein array
such as a microarray, in particular a sandwich immunoarray, an antigen capture

array or a direct protein array.

15.Method according fo claim 13 or 14, whereby the biochemical assay serve the
determination of one or more diagnostically or clinically relevant marker proteins.

16.Method according to claim 15, whereby the marker proteins from at least two

biological samples are compared with one ancther.

17.Method according to any of the claims 1 to 16, whereby the biological sample is a

tissue sample.

18.Method according to any of the claims 1 to 17, whereby the proteolytically active

compound is a protease.

19.Kit for the quantitative extraction of intact proteins from formalin-fixed biological

samples comprising
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19. Kit for the quantitative extraction of intact proteins from
formalin-fixed biological sanples conprising 18 (a) a buffer systemthat
conprises no proteolytically active conpound, and (b) a detergent. 20. Kit
according to claim19, whereby the detergent is SIDS, sodi um deoxychol at e,
CHAPS, Triton X100, Nonidet P40 or Tween20. 21. Kit according to claim 20,
whereby the proteolytically active conpound is a protease. 19

(a) a buffer system that comprises no proteolytically active compound, and

(b) a detergent.

20.Kit according to claim 19, whereby the detergent is SDS, sodium deoxycholate,
CHAPS, Triton X100, Nonidet P40 or Tween20.

21.Kit according to claim 20, whereby the proteolytically active compound is a

protease.
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