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Until recently the only way to rescue masked epi- 
topes in routinely processed surgical pathological 
material was enzymatic digestion. The use of heat 
for antigen retrieval, first by microwave irradiation, 
represents an important breakthrough in immuno- 
histochemistry. With the acceptance of microwave 
oven pretreatment, various modified techniques 
and alternative heating methods have also been 
proposed. Wet autoclave pretreatment for tissue 
proteolysis is a highly reliable alternative to the 
microwave antigen retrieval technique. It provides 
uniform heating of the slides, hence an even en- 
hancement of staining intensity in a variety of 
formalin-sensitive antigens, and it also offers con- 
sistent interlaboratory results. The method has 
been introduced in routine diagnostic immunohis- 
tochemistry for the detection of estrogen- and pro- 

gesterone receptors, L26-, Ki-67- a n d  bcl-2 antigens 
and variable types of cy toke ra t i n s  (1/5/10/11, 8, 13, 
19). Exper imenta l ly ,  wet autoclaving can be used 
ve ry  successfully for the  i m m u n o p h e n o t y p i n g  of  p53 
and mdm2 expression, for the  de tec t ion  of adhesion 
molecules (CD44, in tegr ins )  and some anti-inflam- 
matory molecules (annexins), among others. It has 
p r o d u c e d  a substantial improvement in t he  
visualisation of silver-stained nucleolar organizer 
regions- associated proteins ( A g N O R s )  in  routine 
paraffin sections and along wi th  m o d i f i e d  silver 
staining and standardized AgNOR parameters 
assessed by image analysis. Wet autoclaving-based 
A g N O R  staining has been proposed by  a European 
mul t i cen t r i c  s t u d y  group as the standardized m e t h o d  
for A g N O R  ana lys i s  in  archival material. (Pathology 
Oncology  Research Vol 2, N o l - 2 ,  71-77, 1996) 
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h t t r o d u c t i o n  

The term "antigen retrieval" has been introduced to 
describe different enzymatic and non-enzymatic tech- 
niques which can reverse the deleterious effect of  for- 
maldehyde fixation on tissue antigenicity. Is~~4~ The 
introduction of  the m i c r o w a v e  o v e n ,  ~~' has radically 
obviated the old dogma, that excessive heat should not 
bc used during tissue processing because of its denatu- 
raling effect. Through the usc of microwave heating. 
lll~,tl/y important markers became accessablc for imtlltl- 
nostaining in routine paraffin sections. It soon became 
apparent, however, that this method can produce incon- 
sistent results as a function of different power levels, 
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solution volumes and heating times. Besides, it is rela- 
tively labourous and its capacity (i.e. the ntunbcr of 
slides lhat can be reliably heated in the oven at one time) 
is relatively small. The use of an a t m ) c l a v e ,  '~ as an alter- 
native heal source can reduce most of the drawbacks of 
microwave pretreatmcnt. A modified melhod: w e l  

a u t o c l a v e  p t w l J w a t n t e n t  ~ (WAP), has been proposed as a 
reliable alternative to both microwave ox, en heating and 
hydrated autoclaving in diagnostic immunohistoche- 
mistt). The advantagc~ uf WAP compared to microwave 
oven beating number at least three: 
a) autoclaving ensures more even hcating of the slidcs 

and allows the handling of a large number of  sections 
with rather consistent results: 

b) autoclaving can be applied without any significant 
damage to morphology and loss of sections; 

c) the method is simple, reproducible and standardized. 
The other important application of WAP is the visu- 

alisation of silver-stained nucleolar organizer regions-asso- 
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ciated proteins (AgNORs) in routinely processed tissues. -'~ 
The amount and distribution of AgNORs within intcrphase 
cell nuclei has been suggestcd as a means to estimatc proli- 
feration activity, as well as, the prognosis of diflerent hni-nan 
lnahgnancics. ' - WAP nlight exert its antigen demasking 
effect by extracting calcium and/or other divalent metal ions 
tightly complexed to formaldehyde fixed proteins resulting 
in a second denaturation, or "renaturati(m" of proteins, 
including the antigens conceriled. Is Each methodical step 
with respect to section preparation, autoclave t)ietreatment, 
imnmnostaining, as ,,',,ell as silver staining of the AgNORs, 
quantification and controls have bcen described in detail, s-'~ 

Some general considerations 

a) WAP can be perlbrmed on all kinds of routinely fi)> 
malin fixed and paraffin-embedded tissues, irrespective 
of the duration of fixation (from 12 hours up to several 
years) or paraffin embedding (up to 10 years, or more). 

b) To ensure a better adherence of tissue sections on glass 
slides, the use of poly- lAysine-  or silane coated-, or 
specially pretreatcd s'lides (e.g. SuperFrost Phts*, 
Menzel-Glaser, Germany - or equivalent) is required. 

c) A 10-minute autoclave heating at 120~ under 2-2,5 bar 
pressure, pn)duces optimal staining quality with the 
majority of antibodies tested. In the case of suboptimal 
enllancement, a 5-minutes autoclaving followed by, an 
intensified immunohistochemical detection (e.g. repeat- 
ed incubation both with the secondary antibody and the 
tertiary enzyme-labelled complex and/or longer enzy- 
matic development) is recommended. Autoclave 
pretreatment for AgNOR staining requires 20 minutcs. 

d) Both peroxidase, and alkaline-phosphatase-based detec- 
tion systems can be used excellently following autoclave 
pretreatment. In our work a great variety of antibodies 
showed the unalnbigous advantage of WAP over micro- 
wave oven heating and/or non-pretreating protocols. We 
arc using WAP routinely for tbe following antibodies: 
against cell smjhce antigens (CD44sI, CD44v4, -v5, 
v6 , -v7-8 , -v9> L26 [B lymphocyte markcrl) (Fig.l); 
aguinvt Ot(qdasmic ant&ens (vimcntin, bcl-2, (Fig.2) 
TGF-oL TGF-[3, cytokcratins ItS/lOll I, -8, -I 3, -19); 
ag~Unst m,'h'ar anligens (Ki-67 (Fig.3), p53 (CMI, 
PAblS01, PAb240, DOT), mdm2 (Fig.4), waf-l, pRb, 
estrogen-, progesterone- and androgen receptors). 

Methods 

Preparation df seclions attd autoclave/)retreatmenl: 
,fin" imsmuloh islochem islry 

2 J.tm thick scctions were cut and floated on poly-l-lysine-. 
or alternatively on silane-coated slides and heat fixed at 
37~ overnight. Dcparaffinization was carried out in xylene 
(2x10 minutes) lbllowed by rehydration in a series of des- 
cending ethanol. From the last distilled water bath, slides 

were translerrcd into plastic Coplin jars filled with a citrate 
buffer sohition (0.01 M citric acid monohydrate, pH 6.0). 
Coplin jars were covcred with lids and wrapped in loll. 

anloclaving was canted ont for5 10 n3inutes tit 12()~ in 
a G6ssner Laborautoklav GLA-40-2. Alier cooling down to 
room temperature over a period of 30 minutes, slides were 
briefly rinsed in a 0.05 M Tris-I ICI buffer, pt 1, 7.4. 

[t~t#11ltlloMoiHitl<t( 

Optimal dilutions of the primary antibodies were titrated 
on representative tissue sections following 10 minutes of 
autoclaving. Incubations with the primary antibodies were 
carried out overnight (14-16 hours) in a humidi fled chamber 
at 4~ Subsequent to primary antibody incubations, a rabbit- 
anti-mouse or a mouse-m4i rabbit bridging antibody ( 1:30, or 
l: 125 in RPMI, 30 minutes at room temperature; Dakopatts, 
Copenhagen, Denmark) and a monoclonal mouse-APAAP 
(alkaline phosphatase anti-alkaline phosphatase) complex 
( 1 :100 in RPMI; 60 minutes at room temperature, Dakopatts) 
were applied. For the primary antibody reactions, following 
incubation lot 5-minuics in the autoclave (bcl-2 and 
Pab240), a "double" APAAP reaction was performed (10 
minute repeats lot both the bridging antibody and the 
APAAP complex). Enzyme devclopment was carried out for 
30 minutes ;,it room temperature in a freshly prepared Fast 
Red solution containing naphthoI-AS-MX phosphate 
(alternatively New Fuchsin staining). For the detection of 
mdnl2 immunoreactivity, an NBT/BCIP (nitro bhle tctra- 
z o l i u m ,  5 - b r o m o - 4 - c h l o r o  3 - i n d o l y l  p h o s p h a t c )  
chromogen solution was applied for 30-60 minutes in the 
dark at room temperature. Finally, sections were rinsed in 
tap waicr, connterstained with hematoxilin and mounted in 
Kayser 's  glycerine gelatine. 

Prcvmratir q[sections am/autoclaving.fi~/ AgNOR 
,rzainin!,, 

2 btm thick sections were floated on silane-coatcd slides. 
Dewaxing steps were identical to those i:or immunohisto- 
chemist U, Autoclaving was performed under the same 
conditions but lot 20 minutes. Optimal staining resuhs were 
obtained using a fieshly prepared silver staining solution 
containing one part 254 gelaline in 1% forn]ic acM and two 
parts 25(./~ aqueoLls silver nitrate solution at all incubation 
thltc ~)f 25 nlhlutes. Finally all >;ections, were lh~woughly 
rinsed in deionised water, detlydraled in graded ethanols, 
cleared in xylcne alld mounted with Entellan (all chemicals 
were purchased li"cnn Merck, Darmstadt, Gcrmany). 

Contnd.v 

Omission of primary antibodies was tlsed a~ a negative 
control for each tissue block investigated iu tile test-phase 
of the study. Auh)olave pretrcatment was controlled by the 
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Figure 1. h;tm;;nohistochemical demo;~stration of B- 
/ymtdwcytes using a mom~clo;sal L26 antibody (l)ako) in a 
rotttim' parcrffDt section of a tousil fblk~wing wet autoehwe 
prctr~v#mc~t. (APAA P luethod, x65). 

use of distilled water instead of sodium-citrate buffer as 
well as by olni,+sion off autoclave pretreatmcnt both for 
immunohistochen]istry and AgNOR staining. With some 
antibodics, MIB 1, Ki-67, anti-estrogen-rccepior, anti-p53 
fCMI-,  PAblS01, PAb240, DO7) and anti-CD44 iso- 
forms, a parallel microwave prctreatment was also per- 
lTwmed on serial sections in ~t Brother Power Microwave 
oven at maximum output (~600W). Different incubalion 
umes were tested: either 2x5 minutes, as in the original 
microwave method (Cattoretti), for the p53 and CD44 
staining,;, 7x5 nlinulcs for MIB 1 and Ki 67 reactions and 
5x4 minutes for the estrogen receptor studies, according to 
the recommendations of the manufacturers of the respect- 
ive antibodies. All microwave irradiations wcrc performed 
in a 0.01 M sodium citraie buffer (pH 6.0). AgNOR stain- 
ing was controlled by replacing citratc buffer with a 10 
mM solution of EDTA (ethylene diainine-tetra-acetic 
acid). Cotlnting was performed by eye. 

. > 
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Figure 2. hmrmmveactivily of ~ mom~doual atlti 1;cl-2 anti- 
body (Dako) on a paraffin embcdded toHsi[ section. (APAAP 
~ethod, x65J. 
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Figure 4. hmmmorcaetivity ql: a nsonoclomU aHti-mdm 2 anti- 
body on a paraff7n embedded invasive ductal carcinoma q[ the 
breast. (NBT/BCIP devclopmc ~t, x700). 
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Figure 3. MIB 1 (mosfochmal, Dianova) immu,oreactio~z on a 
t~araffi,t tonsil section (APAAP method, x65). 

Some comments on our experience with WAP 

lmmunohistochcmica] reactions were semiquantitati- 
rely evaluated with respect to staining intensity and quan- 
tity of stained cells. The adequate histological and subcel- 
lular localization of the reactions has always been thor- 
oughly analysed. No false negative or false positive, or 
non-specific immunoreactions have been observed follow- 
ing WAR yet. Detailed description on the reactivity p a t -  

t e r n  of each antibody tested have ah-eady been pub- 
lished. ~47+'~ Essentially, autoclave prctreatment resulted in 
a t  l e a s t  e q u a l  staining quality [ e . g .  E R  detection in breast 
cancers with high estrogen receptor (ER) content, CM[,  
PAbI081, DO7, CD44 isoforms[ or superior enhancement 
effect (e.g. MIB 1, Ki-67, PAb240, ER detection in breast 
cancers with low estrogen receptor content, vimentin) 
compared to microwave pretreatment. Morphology was 
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gcncrally better preserved following autoclaving and 
I]oating off of sections was also less frequent. Autoclaving 
always produced superior staining quality con/pared lo the 
llon-pl-Clleathlg protocol. 

WAP enhanccd the visualisation of AgNORs as a resuh 
c~l better discrimination of singlc intlanuclet~lar "Hack 
dots". "~ Autoehivc pretreatrilent signif icamly increases the 
detectable ineail ntl l l lbcr of agNoms pcl- nucleus wt~ile 
area illcastiienlelltS were less infhienced b), autoclave 
prelreallflcnt. 

Commentx on certain antibodies 

WAP prior to inm~unostaining enables exposure el 
several antigens to immunohistochenfistry ~.hich previ- 
ously have been masked by routine formalin fixation and 
tissue processing. Some of those antigens arc useful in 
routine diagnostic inmiunohistochemistry whi lc others are 
targeted by rcseafch. 

Determination of the e.s'tso<ves~ F~ceplor (ER) status is an 
important factor both ff)l +treatmcnt decisions and prognosis 
of breast carcinoina patients. (]rcat eft'errs have been 
expended over the last decade to overcome the need for 
fresh ttul/or tissue, which is essential for both biochemical 
ER denlonstration and the widely used inlnlunocytoche- 
mical assay (ERICA) applying the 11222 monoclonal anti- 
body (Abbott) on frozen sections. In a recent study, Bier at 
OI, 7 analysed immunohistochemically the ER slatLIs of breast 
carcinonias on serial paraflin sections using WAP, n/icro- 
wave oven heating and enzymatic digestion wilh four differ- 
ent monoch>nal antibody clones (11222, I,HI, CC45,  
1 D5.26), They compared the results obtained fl-om paraffin 
sections with ER status detected on frozen sections and wilh 
biochemical analysis, It was pointed oul that the scnsitivity 
and specificity of imniunohistochenfical ER detection was 
highest when the ID5.26 antibody was tisect following 
WAP in paraffin sections, especially when low ER content 
was delected biochemically (Fiq,,v.5a,bj. 
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Figure 6. ltHmmz(#sist(~chcmical dem,wtstratio~i ~{t F53 vW~ress 
toil il! ptorl!ltd ol#d ~eOldastic oral m~coso i~ ]ltll'tlfflll lltatcria[ 
6d[owing wet ~lutocl&,c Fretreotment. (mos~oclom~l Pab24(), 
M~'doc, Gvimm~y, A PA A P n'mtion, x651. 

One of the most extensively studied molecules in bio- 
medicinal research is the tumor suppressor gone product, 
p53. ~ hnmunohistochemistry for p53 Dotein expression 
has bccn proposed as a valid screening method flw prcdict- 
ing underlying mutations in the p53 gene in a variety of 
hullla11 malignancies, whereas i1/ othcr tLIIlIOF types this 
correlation could not bc confirmed. :~' > p  A growing body 
of evidence on the significance of extragenetical events 
inactivating the function of the wild-type p53 protein 
without mutations of the gene rcnders p53 imnmnohisto 
chemical studies on the protein level to be an independent 
field of research. However. p53 immunorcactivity in rou- 
tine paraffin sections largely depends on the type of  anti- 
body and prelreatmcnt lnethod used. Recently, we applied 
a panel of four anti-p53 antibodies (CM 1, PAblS01, 
DO7, PAb240) on a series of routine paraffin sections of 
oral sqtlaIll,,)tls cell carcinomas in order to comparc the 
etleclivencss of WAP and microwave oven irradiation |]:)1" 
antigen retrieval in contrast to non pretrcated immunos- 
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Figure 5 a. b. lmmimohistodiemiccU ~estn~qen n'n'Ftor demonstration in serial pamffitl sectiosts of a breast cmcim~ma followin,~ .5 
(tO microwave- amt 5 (b) z~,et atltoclovc Fretreotna'~tt (momwlotsal l D5.20 antibody, Ditmoc,tL C, crmtmy, APAA F n'actiost, x05). 
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Figure 7. hmHtmohistocltcmir~fi detection of lit<' C D t l  vO 
i.<,tbn, i ,  Fam t77H t>mbcddcd oral sqtmmo.s ~'tl ,_-mcim,n~. 
(nwswchm~U VF7 I8 mnibod!/, 5'crun, Ccrmmtlt, A PAA P rear 
,@uh viii!)). 

lainil lg. -><' Tile rcsuhs showed that WAP wab signi l icanl ly 
Mlperior with all anli-p53 anlibodio, Ll~;t_-d wtien conlt-~ared 
lo can,<enlional i inmunohislochemi,,try wi ihoul  oret- 
reatlllCl]t. Purlherillt)re, it yielded belier reMihs than il l icro 
\'~<i\c ir iadial ion for anii7cn deinasking u~,in 7 lhe PAb240 
antibody. The rcl iabi l i iy  arid reproducibil i ty of p53 
;.iritiTen rehicta l  by WAP in routinely i-)roc0~,~,c.'d archi,,al 
lnaierial was also r)rovcd in oral sq/lamOu'.; ceil CalCillOlllay, 
alKt ;_idjacoll[ IlOl]-tUlllorotl:~ lll/ICOSa:: (l"i<G6J. 

(_)thor regulalhl N protcirls could al,~o bc ~ood lalgets Ior 
WAR A possible rclalionshil~ hetty, con p53 illld 1/1(h112 ~ " 
OllCO]~Jrolciil expression ha,~ been rot)erred reccntl,. 11] 
cOlOleclal catcillOllla'4. 2~ ill thyroid c;ircii lOlllt is. alld ]la<~ 
been observed in oral ,,titiamt)tis ccii carcilloll/U~, ti~, well. 
In ;ill flircc Itunor lype~,, an inllriun<illikttichoinic~ cole 
call',alien of  mdm2 alld p5.~ proteins was dclecied in a tJOl "- 
tion of ]nalignancic~> pro'~idin~ lurther evidence thai tl~o 
l i idnl2 7ene producl inielacl~ x~ith p53 proleJll. This can 
rc~ulf, in all inlmunohislochenfical ly detectable accunltl- 
lafion of p53 wifl~out tlllderlyiil.~ miltali()ii~-, of the p53 ~ene 
i l l  " ; ( i l l l t '  C ; . l ~eS ,  

Pro~r,:unn~ed cell death (apopto<-;it-;I is an other "hot :.T, or'. 
with the bcl-2 gone family playing a dolli inallt role ill the 
reTulalion of the process. The bcl-2 protein wa~ lbund lo 
inhibi l  apol)toqs. However, ils biochemical function is not 
ful ly ili]dcrMood vel. ~x Recently. (~)rner el a/ ."  rot)cried all 
',trchivat immunohistochemical study in a rctro~pccti~c 
setting of hilmall cc)lorectal caicinolllas, where the rise e l  
\,~ct autocia\'c antigeil rcirie\al eilabled the imn]unohisto 
ch.enlical detection of hcl 2 i~rolu'in in routirlely procc~,~>ed 
ilar:.ilfin material. They lk)und thai bcl 2 proleiil twcrcx[)ley,- 
<;toil is ;.l~,socialcd wiih I'avc)LU-,:.iblc clinical outcome tip 
palionb, aild i-eploy>elll ~, all indepcndollt I1];irker of rJio~no.q~ 
in colorecial Callcer+ The authors proposed bcl-2 inlmtli/O 
phenotypin.g as ;.Ill additional 1ool to contribute to the futtlrc 
clmical rlmrlagemen/of such palientn. 

F'reliminary data indicate Lhal. tollov, ing WAlL se~.eral 
iv,/brm.'> O"t/w Ol-)44 adhesion moleculc-tamily and ~.orne 
anli-inlhmmml(~ry nlolr lanncxinsl  can be targeted 
t~b imlnUn(~histochcmisn-y in roulh]cl)processed tis~,ues, 
as well. fl:i~,.7) 

The (lt~*VI'OI)I1.Y/i(' l l l t( '/( 'O/tlF OI~'(ItlLVCI" r<4ion,s-a.s,soci 
atv(I l)rOluisl.~ (,,'\gN()R~) correspond to a set of intranuclc- 
,aim acMic r,,)n-hisl(~nc prolein,, - t,.,.,c~ (d lhen~ ha\'c been 
idcnl i l ied recently ( imclcolin am_l B23) ~: I , ' -  which regu- 
late the trunscription of prcribosornal mRNA. AgNORs 
can be ,.elccti\cly ,~tained by a sib.er colloid technique ~' 
and visualized as dark intranucleolar dols under the light 
inicroscope. Until recently, a large nulnbcr  o1 retrospec- 
tive AgNOR sttldies were pcrfi.)rlliCd on routinely folma- 
[in fixed and paraffiri-ernbeddcd tissues, both for diagrlos- 
i llg and eVell [or pro~ailtlMic,:.ilion Of di i fercl l l  hum.tin il lali 7- 
nancies. A l l  of Ihe,~e approaches lacked il]lorobserver- and 
interlaboratory rcl-JrtidLtcihilily. Also the qualit), oi" stain- 
in,g. ~lf ich is es~>cnliaJly infhlenccd by f ixatioi l  and silv0r 

Figure 8, ,qhTmtmdiced At,%~()l~ ~ilvcr staining O/lowm,,? wet 
tlHh)cl<Tu~' prdlrgalmcJlt in a t~mn,(fill scctioll lff m! oral 
St]IItlHIOILq [?t>[[ Cdl'C'/Ik)Ultt. ( x ]O( ) ) .  

.... ~; 

Y 

Figure 9. 5imnlhuteotts dvmonstration o~ A\ ,NORs mid MiBI  
immnnorcmtivilz./ iJi n pmW/)n mnbcdrh'd ore! gEtmnous celt 
( ttl'c'l'tlOtlltl SPl'[idll, fol/Orr ~k't OIItOCIa['L> t)rctrdutnlcllt. 
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staining protocol, was rather poor." More recently, a novel 
technique for A g N O R  staining and ewtluation has been 

introduced in archival material based on wel autoclave 
pretreatmenl e~ with excellent  staining quality and high 

reproducibility. Therefore.  an international study group 
has proposed this to be the standardized method for 
archival A g N O R  studies. By using this standardiLed 

A g N O R  protocol, the quantity of  A g N O R s  was l\mnd to 

be an independent lacier  of  prognosis in breast- and 
cok)rectal cancer, e~-'~ Preliminary data show similar corre- 

lations in oral cancers . '  As a measure of  metabolic activity 

of  a cell and of  the velocity of  the cell cycle, AgNORs  
were found to be expressed at the highest amount at the 

invasive fl-ont of  oral squantous cell carcinomas signaling 
a subgroup of  tumor cells with probable elevatcd malig- 

nancy potential. > (F ig  8) Using WAR simultaneous dem- 

onstration of AgNORs  and MIB 1 immunorcact ivi ty can 
be performed within the same histological section, allow- 

ing analysis of  A g N O R  quantity in cycling cells separate 
fi'om resting ones. This has outstanding potential for 

studying cell proliferation in paraffin material (Fig .9) .  

As a corollary, WAP of formalin-f ixed and paraffin- 
embedded sections proved to be a sensitive and reliable 

method of  antigen demasking and AgNOR-prote in  
retrieval. Tiac technique is simple, reproducible and stan- 

dardized. The main disadvantage of  the method is the 
expensive and cumbersome nature of  the autoclave. Vari- 

()us alterrlative hcating methods have  also been proposed 

and tested from a domestic pressure cooker, > to the appli- 
cation of a pressure cooker  within a microwave oven. 3~' 

Taken together, results suggest that the effectiveness of  
antigen recovery is a function of time and temperature and 

depends both on the nature and the pH of the antigen 
retrieval solution, which can be wtriable lor difti~rent 

antigens. The method providing the greatest reliability in 
protein retrieval in standardized conditions will surely be 

welcomed.  Until now, no ahernative heating methods 
could surpass WAP in this respect, 
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