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Determ nation of Proteins from-Formalin-Fix
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fixiiy #sbs @A RF Q0seANEnt JU=RHH dailbfn Qf mtael%molecules are being

macr onol ecul es;, however, they pla large role
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ex%gﬁsi\pee.e‘Fhe 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.
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fixainy. amhmaachisBlogRaE studRsseivith ém8RY Yantibodies were therefore only
possible within limits. Today methods are available with which the immunoreactivity
of most antigens can be recovered (antibody retrieval). 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 biomolecule 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 proteolytic enzyme in order to degrade the tissue.

There is, however, currently no method available with which intact proteins from

formalin-fixed tissue can be reliably investigated quantitatively and sensitively with
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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.
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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).
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proteases were used (no intact proteins isolable); or

(c) a detergent was i ndeed used, but no adequate

- heating of the sanple followed (e.g. not higher than
60C, thus too low a protein yield). Only the use of

t he nmet hod described here, nanely for exanple (a) the
use of a protease-free buffer, (b) the use of a
detergent AND (c) the higher heating (warmer than 60C
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results from immunohistochemical analyses that are aiready carried out in daily clinic
routine. Thus, for the first time the exact and sensitive quantification of intact proteins
(@ 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. It is a
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cell nuclei, cytoplasna or the cell nenbrane; can be
isolated reliably-and determ ned quantitatively. The

-isolated intact proteins nmay be diluted, that is

dilution series and thus internal 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
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with a second specific antigen-binding antibody, which is tagged for detection. 2.
Antigen cabture 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



protocol for protein isolation fromfornali n-fixed
ti ssues can be included with the application pack.

- The present nethod can be used for both clinical

research and fundanentally orientated investigations.
Still nore inportant is that the nmethod described here
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ng¥i syfficiRgt ook @shigh gfeld é&@rﬁiel@ ﬁﬂﬁlrmomeegamrae%to more than

60°CU Rir kainPledtoSgdocd Iettiof £ §ignifi a_zhﬁly HigHeR laRduh B & (ﬂ&éiﬁ{/ed protein
gRcq to the present nethod are coupled wt
ZSC?I% eﬁlj’@rﬂcwf 9 odhgpivention Fafbbe seEepondingly 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;



6 dye and then first bound specifically by the |
anti body. In this way bound proteins can be detected

~directly. By conparison of isolated proteins from

different tissues, e.g. fromtunour tissue and norna
tissue the relative anmobunt of the protein of interest

can be di spl ayed conparatively by the use of different
fluorescent dyes (e.g. Cy-3 and Cy-5). 3. Direct
R e PR S ICHeRTIY) Tt B time
car ¥ayi ioe exaiprle fioapp BrNUes 040 pingies ol ke tine of esting can depend,

férExBRBR, oh e SXAHMhEsathpeocel | ul ose or PVDF, and the
bound proteins detected directly or indirectly wth

(f e s3meles are dhan wsubated Bt 8 tempeiatire abeve BOTC (€.9. 80°C). The
irR0batRAcNe >S0WNedn P fof bgahpi® FroRE{ RBASto(6 hBurs CRfe faRiMum

. DAIP)<O permt a very sensitive and specific detection
! BigIG R WHMEbINaieorC ShREIE. hrwayst bedessdhyn 46 hpyray

(d) intatthrotemaitte @Bl iRlsBlution MEs RPN BMR0NRIPYI BRSfoR example, be
od for quantification of proteins from

nmet
WYMHEH-i n-fi xed tissue sanples. This technique all ows
for the first time the precise determ nation of

in tiss der clinic-near

di Kk . I . ,
SRS TP ol B S BTl RSy o
extremtion heffer it coatairarD DY isprsedt] Ibwas ystdblished @ thd use of DTT as
rEG R et B sl HeoBpde e 8 R a8 brotein. The
advantagei af ditis emboflinEmbliés parsularlysa it dise lysatg.obltdimgaiséamse can

' ' I , f .
od BN 55 ROG°GHAE RS yAFTEL BT, {8y oo
quantifiegtionfassayusatnony tathespeson skiliegsindhe ed\secieds Bindtad DC ® or
t tp; t | { I S
BEAITIArS 1R Pidfe 2na B8 AR GG arpel il of tre samples
c3mie dighpheed with. (fBveayqiding nexpsuremant inageypeies, cangoansurasdthat

the OsatneS hBHdUhts CENBrbdei b BSePMPMB s uBEe§licht ahXIGEsPied. 8Bstern
| (Fig. 2). The nethod according to the invention can

bR correspondingly nade up of ~ | the follow ng
steps: (a) blocks of formalin-fixed and

FIQZE?{%WE%}”EE%?@% Cf}flfaf gﬁlﬂ?ﬁi%ﬁ‘&%ﬁ%ﬁ?g ro? ttgeu%;etho%bgcctopd?ng 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



l(c) the tissue areas to be investi gated are excised’

fromthe tissue section either manually or by |aser .

-m croscope 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 conpounds. No
prot eases such as, for exanple, trypsin or proteinase

e%cé]@“tlybﬁltﬁ‘ﬁﬁ%i iuﬂhgr; gw%’i is lrﬁggﬂﬁ%ﬁﬁtcgﬁ b%?%ﬁglgietdx%iﬂfor{elﬁb%other

rotel ns are
(&@@tl@%ﬁ ) @ffter gsl@t@rofrqrocmnahrrﬁéed frsupaifferent dilwtionscidr? to 1:16) of

aVﬁfo‘felnfl%at@XﬂSml ﬁorﬁr{apr@oﬁbnmtl eSrel %nﬁlg?éa rggt \?\ﬁéﬁterrheolot For

time of heating can depend, or exa
iibyptratips thentissse:is (shpwphkeferenpnd aftar screpian’ frame theitsiide darmow).

UnvéRMeehaileesahouwe 60C (e.g. 80C). The incubation
time >60C can vary, for exanple from1 hour to 6

hours. The nmaxi mum i ncubation tine at warner than 60C

Ffdl Q@%wshﬁé@bﬁ‘élatn@ﬁbétﬂéén W@dﬂerﬂa%l&QH{e%sur@%ni & B€lintegrity of
rotel ns . are now in solution in sufficient amunts and

otefrsy %’3?8’?&573@0“ sta“t@%hﬂ??‘i'f@ﬂy) and the simpigsbform of a reverse
bzﬁs@‘ Briotetl ag e it R, Differérhl&iﬂﬁﬁéﬂ%oﬁ 2?@)013 red) g at%cg%lhelysate of
ntion.an extraction cont ai ns
B Lol e SF B/ TR RSP R Gl 337 4ot Plets n sach case
peneehulage]g/aa%rmel glottddd relatper toi tﬁiel &idll)dtebeﬁﬁtﬁplés @dr dér&i%etrlc
ntac roteln The va

e Bt ol Rl BEC Ribrg, T oAl “Rhifpscpagatie contol
(QXUBGIIQﬂldlﬂlffeE)npdEEilve&Dntrdﬂ dpropteamlyshte édrddeepeftdzgn @0idn tissue).
particularly well with comrercially avail able protein

quantification assays known to the person skilled in
Fighé showsshe teorslativro RbbetB@oin aiter Baractiss pmCFFPBrsections with

bl%e% ‘ESntﬁP\%guéiﬁgrehgrédg&lJ éséhgé (ﬂ?ﬂ*té@ﬁote&l dé Wik ¥biALd from

he sanp es can I spen S avo
n%@é bradmsgue; withe thertwei extractiondbufiessuFEB{cartiains Btrhercaraneihanol)

ar?dTEBrﬁ ?co‘?ﬁftauﬁ%r ﬁtl"?} rb.s’&ﬁ&#‘é@ﬁ#i d? ol ééi?é%%eﬁﬁalgs;éé' it 356 dot

. Wéstern OMB an
blef bmﬁc@ﬁtmalpwwr@a@lpuwtm Thee smealhmtenawes)rcdrralgtet excefiently. (B)

TIHé"Hr%’EEu'I 95'nce-|[|{?§t idH Giny El%{lﬁ’? %gfe}f%?ﬁétrﬁcg Wih HdSxtfafR buffer EB

formal i n-f1 xed tissue
2 was determined with commercially available protein quantification 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.



first time an integration of histology, _ :
i mmunohi st ol ogy and quantitative protein expression

- on routinely obtained biopsy or dissection naterial.

The nethod allows, for exanple, the precise

i nvestigation of disease markers by protein arrays in
different disease stages (premalignant, invasive) or
before and after therapy Fig. 2 shows as exanple the

Fh@pfoﬁc\!&‘maf%ﬁto? HQteY g%lgé {%ﬁ Qpﬂ;\bl? Ny 94 Ot’/h ePatn!lc[%iablgl preferred

e at warnmer dof
”Q‘-‘r spngentrasioptrangs Ile§dne|la/mn ahput Vé% ern bl ot after
i ncubation of the sanples at 60C (left) conpared to
the method of the invention §>6OC e.g. 80C, right)
Fugharmey . the Ryiffes can spapripe additieraliytreducing reagentsr vichiass1,4-

d(trﬁomdtha{ﬂ prealrebptdipEA n) after extraction from
formalin-fixed ti ssues. The si gnal intensities of the

two proteins correlate 8 excellently with one

P@d‘t@élhﬁb@lly h&tive domnpodhdeE Withih Qﬁ@h@%nlﬁé’&f R lﬁ\%nrtlﬁﬁ %F@Qnderstood
th one nothrl§é uantified) after isolation from

q BRTeeR A e CWR%F%HPV examRle grageqiyticoenzymes such
ad: ﬂr6l)ea§és A paditehn tﬂyMQﬁt @hf'rh@tmp@»mr rflﬂilpaﬁ?wé{ﬁsﬁ' §3t$é’r%se and

rn or illustration the
BRI Tiecth ERtsredmm aepbHca i TSNt the
nmehnidg of ehe dwentioJave aido rmonuttyinati€ duisaaiee . thiti gre hitable for
Ao SLEFLE LA Meen Jesten b ol

rement the proteins,
denonstration of antibody specificity) and the

SE1oBReF ShyrbRE Wi Sd FRRE oRB°Fuflishecah & WYt Skniams,
tigsyg peetians, tigapersamples, dady flgids.ecediuiar onvneaitmagaiaidPneferably the
m¥é¥db &cBoilngttoand uﬂ/@htl Qlused Wtﬁalﬁgué%.a%%r t?se%r? @ﬁq cultures.

val ues are Iotted ative to the un
Theo SABIRS1 BeR? hEmag s animalobiolpgiselt samp e riuit |auape@amples from

b&oteTi, ﬁruse&@@%moﬂ&gmﬂér\fﬁgan”éﬁﬂat ive control
(extractl on buffer); positive control (protein |ysate

from deep-frozen colon tissue). Fig. 5 shows the

Tieobbllgial Sampibs s ?re@@lbbw fixbd f&iﬁbrra'éha/enfiédom f5ihatn and
ers containing different reduction

ns w buf
erﬁléeeciﬁilﬁa n E’ﬂf%m act proteins were isolated from nornal
brain tissue with the two extraction buffers EB

i BB OR R BRI, by o SRR o
fothaalin-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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bl ot by (3-acth-{nnunocolouratﬁonﬁ The signa
intensities correlate excellently. (B) The protein

-concentration of the protein |lysate prepared with the

extraction buffer EB 2 was determned with
commercially available protein quantification kits.
(C On the basis of the protein quantification with
the protein quantification kits and the correlation
in the dot plot each of 20 g of the two protein
ysates were separated in SDS-PAGE and the anmount of
The atatergedfe i Mieiaealyi $OShesopium cteexysthotate, TREIAGISy nErton X100,
NoRidetsid bepwddr@m t he two sanples correlate well and
can be quantified. Buffers or buffer systems within
the neaning of the invention relate to a buffer with a

Tﬁ@ﬁbﬁﬁéﬂ ﬁrefé?bM?'c@ﬁlp%&Wbﬁ] aﬁalﬁoﬁé“?&%cﬂfg r%a@eﬁtosu%h%s ‘Ahldlthlo-
g %leﬁﬁ'éjfgéwnt()t he person skilled in the art
D, J rteg BIArMEAi s can be used as detergents for
the nmet hod according to the invention. In particular
odi um deox chol at e, PS, Triton X100, Noni det
ViRg the BRI 25Mbl A Saal helob dbgi i S o embedaed in
panaﬁmemtsrdﬁpacaﬁfnm‘tedjﬁéfelregﬁﬂfblncaﬂa&%n for exanple,
0.1-10% Particularly preferred the concentration

range |ies between about 1-5% Furthernore, the buffer
Ao advarrbaglard:fsibe acdhdd aneatding to doleatidrgis tieaoB estractéd piteins can

-threit, DTE, TCEP or MEA
b%?ﬁ% r&%ng y actlve conmpounds wi thin the neaning of

the invention are understood to conprises all

lnpd'a%c%Hr] thé %ﬁt\‘écﬁgd gr%'f%?ﬁ) Hzmjt?e frg&on%?rﬁ) rfeaéjrr s%ﬁ@r%iiyt%bsc

ynes' suc )
chynntryp3|n papai n, pepS|n pronase and

AQNHHRPEAFURRASE tHar ﬁ'lecbroéﬂf\rstclaﬁ rbgt%{lgsed?lgﬁl{bﬁﬂ it 1Y

active conpounds wthin the neaning e I nvention
are al so non-enzymati c substances that are suitable

Thed§uarkifie:dsh b tHY SrofinkSis p%férﬁb@%aﬁféarﬂ?ﬁ }5? the Blefod gif ‘l’.@\lvry or
the invention can

B%mées W thin the neani ntg
o"RergPy aties Arantifipatian ee e%% ."bﬁgmme'?rs@reae"saﬂa%gan also be
udeddy fluids, cellular or viral material. Preferably
the nmethod according to the invention is used with
ti ssues sanples and/or cell cultures.
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
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~The sanpl es can be human or ani nal biol ogi cal sanpl-es,

but al so sanples from bacteria, viruses or a

-monocel ul ar organi sm The biol ogi cal sanples are

preferably fixed in formalin and/or fixed in formalin
and enbedded in paraffin. The present invention thus
describes a nethod for the extraction of proteins from
formal i n-fixed biological sanple, whereby the

i i - 1.Sp ina. huffer at a
LI PharR b Rins Sl Bl b o, o Bupd e igiitanve compares
withoeres asotheh diteby far Fexatmplef, eliseasedpnd ealthy dart be giiffdrentiated.

r ; . .
PP B L S8t (Pt of Eh KA oGP RO for Al Byepproer o
anpkee PN ehopre neteybeitrearkenrs a t enper at ure above 60C.

The bi ol ogical sanple is preferably heated in the

buffer for 5 to 40 mn. Particularly preferred the
Rsrtisutsgy criefesrgdpthe  pivldginaliisamete fsora Hssuer saplef fo0 example a
férthabffiled ShrRE tHat W Shbetdea i S‘%Sffiﬂf the present

invention is that the released proteins are

essentially intact. 10 The detergent is preferably
Paﬁﬁulaﬂﬁﬁkéigﬂr&?mémlr 8b&s n&#HRBIN 3 prdteRsedOBrotedNRRAINEL ctive
P40 or Tween20. The buffer preferably conprises ‘an
Cg@BP¥N%nal reduci ng reagent such as 1,4-dithio-
DL-threitol, DTE, TCEP or MEA. \Wen the biol ogica

anple.ijs a sanple that is fixed in formalin and _ ]
VERETILRE PiRsSRUPUAtOR Providase KEfssitis 9yaniiatke Birastian of intact
pmtemsefémémaamtﬁ&embiomioads@hml@g@mismge met god
accqrdi to.invention.is than the extracte r ot ei .ns
e A R R B Riis ooy i cortpobind and
ex{h)actetergentot ei n can be fractionated in one or

several steps. A further advantage is that the

protei ns can be subsequently quantified. The
Peafierablyf theakit conmpriseh SOS. osaslivs  depxpeholate, aBHARSar Friterd X100,
NQHiHettP’4d&erv{/E°ethasﬁéeé&%%ty or BCA, whereby ot her
quantification nethods,” I n particular protein arrays,

can al so be

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

compound.

12
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used. The extracted proteins can then be treated |
further by neans of proteolytic enzynes such as

-~ trypsin, chynotrypsin, proteinase K, papain, pepsin,

pronase, endoprotei nase Lys-C, endoprotei nase Ju-C -
or glycosidases - such as endogl ycosi dase H,

N- gl ycosi dase F, neuroam ni dase) or phosphatases. It

i s advant ageous that the proteins can be used for at

é%m@ﬁ?eﬂrﬁgégm cal assay. For exanple, a preferred
l is a protein array such as a

mcroarray, in particular a sandw ch i nmunoarray,

EXAphET: BrRdiH extALhiEY f3m forflalfi ﬁ?&ea'i%&#” array. The

bi ochem cal assay can preferably serve for the
determ nati on of one or several diagnostically or

16 b kQRWIRG BelyBNaN brdi@h k&drabidat Q&d?ﬁdm?llo The rpﬁ@é/en‘t r]’ﬁe’thod is

mar ker proteins fromat least two ogi cal

desaiibed '%sﬁﬁslf Acignjficent imrsovamant dhigh vmjgm yiedq) @‘xtaﬁpmethod in

coinp&adado aMdBRAMEINGIS @lll&&rafgd‘c ih @fdi‘ B Tt @dperience operator will
Further nore, the assay can also be carried out at

MadihSPIRINEG Pserr PBERP he SerReef the pr@ﬁ%ﬂ'y%f%w'tarsomewhat

diflerent éahmsmﬂltﬁ{ﬁah%ddn%é' @tel:inrw @;eecffraediatérblsnt e.g. SDS,
or exa

”f%'o'?er?ﬁﬁ ?}h%%’? ﬁ'b?)éﬁq ?Pafgq%g e ag’aaquHeathgmﬂﬂn at more
tHaaraoec uk gt Isgoqyr:?é el:idv%i/et' vaalf hadddi@a&ormbte@eée fal bR used.
% FB5 567 RE Rt Fombnl S (8 oL o Burrer pas vandiso
vayishie iis.ttad_z 'rr_\&muab(d:omnnmltbcm offthe mltsslmeets It qahd:treled:afrrﬁecf bgﬁmechamcally
0 B, B BB SRt SRR Sdhopes e
Iisjedrpgr[gmd'heamwlt (o)} c@rrdbttlem gétva pm@ﬁefralml formaln-foiet tissue is

s%ﬁ iﬁ{g‘} $5§F irsp Bl%lt ﬁlﬁg\m{r@ %840@&:%1 A er ’f?r;qalllﬁ $Rd tissue i is

shyyryin &ig- ér(r%)’ebﬁee‘f"@ﬁ?@@tﬁ'ﬂé"ﬁmfd‘oébloﬂoes not contain a
protease as proteolytically active conpound.

Typical procedure:

1. Prepare 2x10 pm 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 mi reaction vessel)

6. Grind well in extraction buffer with Teflon pestie, 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



ti 12 Enbodi ment exah"pl es Exanple 1: Protein
extraction fromformalin-fixed tissue In the foll ow ng

-a typical protein extraction according to the present

method is described in detail. A significant

i nprovenent (high protein yield) of this nmethod in
conparison to standard nethods is illustrated in Fig.
2. The experience operator will nodify sonmewhat one

19" ohh& steps of the protocol. Buffers with
so\r/rgr&é}gg’lag%lobfl%ent conposi tions and pH val ues can be

11s¥ertexThlace 9o icH (ifanuhdtfeargestiort centyifug@BS)) t he heating
19f o4 @% ?@U"El(fva?etr bgéﬁl to 100C and the subsequent

I ncubation at nore ‘than 60C (e.g. 80C) are, however,
18i % beurs 807G (shaden, 7BA ramy) pr ot eases may be used. The

1] i QntiliSarlsASPREUBYSy et Lreatment and the

vol unes o er can vary. Also variable is the
TRePuRernaiamtiniaiftesb i . Soml reaetian vessal -> ready groteie Iysater i ed
out mechanically (e.g. with a pestle) or, for
exanple, wth ultrasound. ngi cal times and vol unes

" Breparationial xtpratien byfier (EBJI-PEB® @iereeléiramii 62 of two
aP5OL M bUFSBE K URhb R bFdn{GFhehbIBHUS 1050 pRRGWN i n Fig.
235. HH;? first groteln array with intact proteins from
dPhef? M Hisdda! PHRBe is “shown in Fig. 4 (reverse
4@halsglydersit ei n array, dot blot). Typical procedure: 1.
Prepare 2x1 m sections fromthe sane paraffin bl ock
zf.m'%wqqp?ﬁﬁ%a@gcti ons 2.1. 10 nmin xyl ene, repeat
12pSDR. 2. 10 m n 100% et hanol 2.3. 10 m n 96% et hanol

2 1 1n, 70%.et hanol 2.5. Transfer sections to
t°d1|0g'{n! Whgﬂsﬁ'gpev}’at? Renove sections fromdistilled

[\WtTeis conlespdnns & 131. (gt 1250 betrespbndl tp 1B1t48 g 4. Scr ape
1860 ml L 98483380 W L B 6% S31Y b3H 6.8 with conc. HOlp

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

2.5ml T-PER ® (Pierce)

+ 2.5 ml 2xLammli buffer

+ %2 complete Mini Protease Inhibitor tablet (Bayer)

Freeze aliquots at —20°C
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5. Transfer excised tissue on canulla into 100 pi-
extraction buffer (EB)* (tissue from2 sections per

+1.5 mM reaction vessel) 6. Gind well in extraction

buffer with Teflon pestle, place on ice 7. Vortex,
pl ace on ice 8. Repeat steps 6 to 7 once 9. Pull
solution carefully through syringe carefully several
times 13 10. Vortex, place on ice 11. Vortex, place

Banigle Zi lf’rdibiﬁhef(t?@dﬁons Rehi FEPRt fléid@@mhomtern;ave ?thractlon
mn 100C (water bath) 13. 2 hours 80C (shaker, 750

br"‘ﬁfﬁfEﬁz. 15 mn centrifugation, 4C, 12500 rpm 15.
Supernatant into fresh 1.5 ni reaction vessel -> ready

Pl o S s e A B SA0 A [ o

threftdlels BeachTTWe bl‘éﬂéfbblbb@%ﬁlh@l@‘&%hﬁﬂdﬁibﬂ@f ﬁblafé@%ﬁ&lems for
cer ol

cBera G chpieiersea) Bl famtee semamiibied peine Mied 5CA

Ass#yeKit® frod Aiekce (Eigr fesponds to 121.14 g ; 1.25 M
corresponds to 151.43 g 1000 m -- 151.43 g ; 50 m

-- 7.6 g; adjust to pH 6.8 with conc. HO] b. 2x
Thar80S ctndeheatiorl 8@0thel cdiespanding inbubfdtien timet30 OD¢C and 80°C

et Lol S Sl & o SHDSTRERCRFALHE copforian of
regsinpireieia Ifdate can be dateminetidietttyrwithed cernmeRagliyravailable 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 appilications.

1. Cut 2x10 pm sections from the same paraffin block 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 buffer (EB2)*
. Vortex, place on ice
. Pull up solution carefully into a pipette several times

. 20 min 100°C (water bath)
. 2 hours 80°C (shaker, 750 rpm)
9. 15 min centrifugation, 4°C, 12500 rpm

4
5
6. Vortex, place on ice (if much foam: short centrifugation)
7
8

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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Freeze aliquots at -20C 14 Exanple 2: Protein
-extraction from FFPE tissue wth alternative.
-extraction buffer EB2 In a further enbodi ment of the

met hod according to the invention DIT (1, 4-dithio-DL-
threitol) is used. DIT is preferably used in the
guantification of isolated proteins, for exanple with
the DC Protein Assay Kit(r) fromthe conpany Bi oRad or

AitBatl € EQrRidh bR 2Y(ElD) (1) from Pierce (Fig. 5) The
DS concentration and the correspondi ng i ncubation

S

ti me?0 BM TiddChipd BIC  were not changed. The advant age
of tdy % iment is that the concentration of ready
protejn sate can be determined directly with a
conr?e%&%gl y avail able protein quantification kit

Wi t howiv bITE (¢ araneRent-threitdler € the speci al reduci ng
agent - interfering with the assay. The protein
concentration can be better neasured in the I|inear
Frezge aliqudts amoropri ate the sanpl e nust then be dil uted
owng only to the high protein content. In this way a
yet nore accurate measurenent result is obtained and
hence the respective anobunt of protein can be used in
down-stream applications. 1. Cut 2x10 pm sections from
the sane paraffin block and transfer to a reaction
vessel 2. Deparaffinise sections 2.1. 10 m n xyl ene,
repeat 2x 2.2. 10 mn 100% ethanol 2.3. 10 mn 96%
ethanol 2.4. 10 mn 70% et hanol 3. Add 100 pl
extraction buffer (EB2)* 4. Vortex, place on ice 5.
Pul I up solution carefully into a pipette several
times 6. Vortex, place on ice (if nmuch foam short
centrifugation)
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3

7.-20 min 100C (water bath) 8. 2 hours 80C (shaker,
750 rpm) 9. 15 min centrifugation, 4C, 12500 rpm 10.

- Transfer supernatant into a fresh 1.5 m reaction

vessel 4 ready protein lysate 11. Quantification by
commercial protein quantification kit 15 Alternative
extraction buffer 2 (EB2) 90 mM Tris/HCI (pH 6.8) 20
% glycerol 2 %SDS 1 mMDTT (1,4-dithio-DL-threitol)
Freeze aliquots at -20C a a 16 Patent clains 1.
Met hod for the extraction of proteins froma
formal i n-fixed biol ogiRRalent atgitns, wher eby t he
bi ol ogi cal sanple is incubated in a buffer at a
tenperature that is sufficient to release the
1prl\m§tﬁci>d1$or thbasacicton &ednrd:télnt hlﬁtfm tah rivafiri-BXedC bidligicae Sardple,
deter n rot e conpoun n .
© TRl g e ISl aPleTs i heiteg pr e pulfer £09 e that i
arsdffrblbet toneldzaedate fplmitélherclfdraaet‘leéqb@m ahat the Qruefat emmprlses a
cording to claim

b BRs e e, BT R RmRufa il B HiORGER ssife i
mthre b@fer N fitsb teated @nditing incobatéd further at a 2empédratued gretatee than
blsgb(ggl cal sanple is incubated for a period of 20 mn

h. 4. Method according to any of clains 1 to 3,

whereby the rel eased proteins are

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.

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

or several method stages.
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intact. 5. Method according to any of clains 1 to 4,
wher eby the detergent is SDS, sodium deoxychol ate,

. CHAPS, Triton X100, Nonidet P40 or Tween20. 6. Method

according to any of clainms 1 to 5, whereby the buffer
additionally conprises reducing agents such as
1,4-dithio-DL-threitol, DTE, TCEP or MEA. 7. Method
according to any of the clainms 1 to 6, whereby the

bi ol ogi cal sanple, when it is a formalin-fixed sanple
Trl(g‘%dded in paraffin, is deparaffinated before the

1§ thod\agsording 1q amy, ofgthe plaimn d te 8 cwherehy theoedigtegrataias are

clsabgByubnfiyoguantiidter eby after extraction the proteins
are further fractionated. 9. Method according to 8,

whereby the extracted proteins are fractionated with

1®mﬁeth<§H ac@wifigdo ¢l vsihb%?f’ehe duaniificativRioh#é ReemE & Qfried
of t al ne 1‘#?\ wher eby the extracted
Yy qu

prob' §"é‘?tE°d gdt%"é’)ﬁﬂé antified. 11. Method

according to claim10, wher eby the quantification of

et iting b S5 HigEs B ShetRe He arfisgted Frdjeins are
11reatﬁid|ewi#byordth@ytm(bnml1ielfds@hoa£ itrppsimr ehynﬁdt?@ﬁlad pwtéuhhse K,
e S not,rypsi n
o aba HebSin PrOfRE: FRchuBinaSY Bam.s EPRERUBIRS: ditos o
LpB'CQSIdaaﬂade-psL@ha'srﬁmieggbmsidése I-brN-gIgd:qsmdmed’-amesroarrmMﬁse) or
a?hg gosidase H N-glycosidase F, neuroani ni dase)
0

osp%at ases. 13. Method according to any of
clains 1 to 12, whereby the proteins are used for at

13, WHOQO%O\E%%C{&G&H)F?' cli\ﬁﬁaiyto A wh que %F&Qiﬁgrlafbguée% for at

l'aim 13 chem ¢al s a
afqaﬁﬁlonesl?]@weﬁﬁcaiaﬁ%/r oarray, in part| cuI ar a sandvvl ch
i unoarray, an antigen capture array or a direct

teln arra
1AP Il’\llothod accord|r¥g 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 to 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 another.

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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'15.° Met hod accor di ng to claimi13 or 14, whereby the
bi ochem cal assay serve the determ nation of one or

-nmore diagnostically or clinically relevant narker

proteins. 16. Method according to claim 15, whereby
the marker proteins fromat |east two biological
sanpl es are conpared with one another. 17. Method
accordi ng to any of the clainms 1 to 16, whereby the

8. Met hod
230 BT SRR S s Forfieet nE Pl B et bRt e

pr(blaadétystgemal |y active conpound is a protease. 19.

Kit for the quantitative extraction of intact proteins
fromformalin-fixed biological sanples conprising 18

20 it acdordirige to slyim 48 whereby thepdetsrgsninis DSt ealiun ideakyclolate,
a G gent. 20. Kit
agcgz%ér(%? nﬁ Qoé %St bg\%gﬁgg&?ﬁe detergent is SDS,

sodi um deoxychol ate, CHAPS, Tr| ton X100, Noni det P40
2@_thng®; 1. a nget I 00120 e

pr 6tte yt| tg Ca@c?lovg\mgf) oﬁﬁd&c’& 'Egrﬁo?cet'xaoge&%@/c’fbgqs @

protease.
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