TECHNIKA IMMUNOCYTOCHEMICZNA - ZASTOSOWANIE W BADANIACH
KOMOREK UKEADU ROZRODCZEGO

TECHNIKI IMMUNOHISTOCHEMICZNE W DIAGNOSTYCE
ONKOLOGICZNEJ NA PRZYKLADZIE RAKA SUTKA

1. Wstep

Immunocytochemia zajmuje si¢ wykrywaniem w komorkach substancji o charakterze
antygenowym za pomocg znakowanych przeciwciat. Immunocytochemia nalezy do grupy metod
okre$lanych jako techniki immunohistochemiczne w ktérych badanym materiatem obok
komorek sg tkanki. Badania immunocytochemiczne moga by¢ prowadzone zaréwno na
poziomie mikroskopu $wietlnego, jak i elektronowego.

Immunohistochemiczne uwidocznienie antygenu w komodrce wymaga otrzymania
przeciwcial swoistych dla tego antygenu. Wyizolowany metodami preparatyki biochemicznej
antygen shuizy do immunizacji zwierzat laboratoryjnych, ktére beda pdzniej stanowi¢ zrédio
swoistych przeciwcial.

W immunocytochemii/immunohistochemii stosowane sg przeciwciata poliklonalne oraz
monoklonalne. Przeciwciata polikonalne zostaly wyprodukowane przez rdzne populacje (klony)
komorek plazmatycznych, i dlatego reaguja one z réznymi determinantami antygenowymi
(epitopami) antygenu uzytego do immunizacji. Niejednorodnos$¢ przeciwciat poliklonalnych
sprawia, ze moga one wykazywac reakcje krzyzowe tzn. wigza¢ si¢ z innymi antygenami,
posiadajacymi fragment czasteczki o zblizonej konfiguracji przestrzennej do jednego z epitopow
antygenu uzytego do immunizacji. Przeciwciata monoklonalne produkowane sg przez jeden klon
komorek (populacje wywodzaca si¢ z jednej komorki macierzystej). Przeciwciala te sa
catkowicie jednorodne pod wzgledem swoisto$ci wobec jednego epitopu danego antygenu, co
minimalizuje mozliwos$¢ wystgpienia reakcji krzyzowych.

Stosowane w immunocytochemii przeciwciala moga by¢ wyznakowane roéznymi
znacznikami, umozliwiajacymi uwidocznienie miejsca wigzania si¢ przeciwciala do
znajdujacego si¢ w komorce antygenu. Najczesciej obecnie stosowanymi znacznikami sg
enzymy (peroksydaza chrzanowa, fosfataza zasadowa) oraz szeroka gama fluorochroméw
(immunofluorescencja).

Metody wykorzystujace enzymy jako znaczniki sg czgsto bardziej ztozone niz metody
immunofluorescencyjne, poniewaz wymagaja przeprowadzenia dodatkowej reakcji
histochemicznej uwidaczniajacej aktywnos$¢ enzymu, ktorym wyznakowane byto przeciwciato.
Koncowa reakcja histochemiczna prowadzi do nagromadzenia znacznych ilo$ci barwnego
produktu reakcji, co umozliwia uwidocznienie miejsca wigzania znakowanego przeciwciala
nawet przy $ladowych ilosciach antygenu w komorce. Stad tez metody te charakteryzuja sie
wysoka czutoscia.

Wiasciwe przygotowanie materialu ma kluczowe znaczenie dla pomys$inego przebiegu
reakcji immunocytochemicznej. Szczegdlnie istotne jest zastosowanie odpowiednich metod
utrwalania, a takze (w przypadku immunohistochemii) zatapiania materiatu, poniewaz niektore
stosowane substancje moga zmienia¢ konformacje determinanty antygenowej (np. powodujac



denaturacj¢ bialek lub przylaczanie do czasteczki antygenu nowych grup chemicznych),
uniemozliwiajac jego swoiste rozpoznanie przez przeciwciato.

W takich sytuacjach nalezy przed przeprowadzeniem wiasciwej reakcji
immunohistochemicznej stosowa¢ metody tzw. odzyskiwania, przywracajace antygenom ich
pierwotne cechy, tzw. odstanianie determinant antygenowych. Najczgséciej stosowane w tym celu
metody to kontrolowane trawienie skrawkow przy uzyciu enzymow proteolitycznych (trypsyna,
proteinaza K) oraz dziatanie na skrawki mikrofalami.

Aby utatwi¢ dostep przeciwcial do wnetrza komorek i ich wigzanie si¢ z antygenem
stosowana jest permeabilizacja bton komorkowych detergentami (np. Triton X100).

Chociaz wigzanie antygen-przeciwciato charakteryzuje si¢ wysoka specyficznos$cia,
istnieje mozliwo$¢ nieswoistych oddziatywan (np. na drodze oddziatywan elektrostatycznych)
miedzy badanym materialem a bialkami osoczowymi, w tym réwniez przeciwciatami. Aby
zapobiec tym niespecyficznym reakcjom, przed przeprowadzeniem wlasciwej reakcji
immunohistochemicznej, wykonuje si¢ tzw. blokowanie, polegajace na inkubacji preparatéw z
nieaktywng immunologicznie (nie zawierajaca swoistych przeciwcial) surowicg innego gatunku
zwierzgcia niz to, od ktorego uzyskano przeciwciata.

Stosowanie przeciwcial znakowanych enzymami wymaga dodatkowo unieczynnienia
tkankowego enzymu o takiej samej aktywnosci jaka wykazuje enzym znacznikowy. Istnieje
bowiem mozliwos¢, ze badana tkanka zawiera taki enzym i w reakcji wykrywajacej enzym
znacznikowy moéglby on powodowac¢ pojawienie si¢ zabarwienia w miejscu nie zwigzanym z
obecnoscig antygenu (tzw. reakcja niespecyficzna). Unieczynnienie endogennego enzymu
przeprowadza si¢ poprzez inkubacj¢ komorek lub tkanki z odpowiednim inhibitorem (w
przypadku zastosowania jako znacznika peroksydazy chrzanowej uzywa si¢ 0,3 — 3% roztworu
nadtlenku wodoru, a w przypadku alkalicznej fosfatazy Levamisolu) przed wykonaniem
wlasciwej reakcji immunocytochemiczne;.

Inkubacje¢ ze znakowanymi przeciwciatami prowadzi si¢ w komorze wilgotne;.
Dostepne komercyjnie przeciwciala wymagaja z reguly odpowiedniego rozcienczenia;
najczescie] rozpuszcza si¢ je w buforowanej soli fizjologicznej. Rozcienczenie oraz czas i
temperatur¢ inkubacji (zwykle temperatura pokojowa lub +4%C) nalezy ustali¢ do§wiadczalnie.
Dostepne na rynku sa réwniez gotowe zestawy wszystkich niezbednych odczynnikow do
wykonania reakcji immunohistochemicznej tzw. KITy.

Mimo wysokiej specyficznosci  immunocytochemii/immunohistochemii  istnieje
mozliwo$¢ wystepowania niespecyficznych oddziatywan miedzy badanym materiatem
(komoérkami, tkanka) a zastosowanym przeciwcialem. Aby wychwyci¢ taka sytuacje 1 uniknaé
falszywie pozytywnych wynikéw nalezy wykona¢ odpowiednie reakcje kontrolne. Do
najczesciej stosowanych reakcji kontrolnych nalezy wykonanie tzw. kontroli negatywnej,
polegajacej na zastgpieniu inkubacji z przeciwcialem swoistym dla wykrywanego antygenu,
inkubacja badanego materiatu z immunoglobulinami (lub surowicg) nieimmunizowanego
zwierzecia gatunku, ktory postuzyt do uzyskania przeciwciat lub catkowitym pominigciu
przeciwciala pierwszorzgdowego (przeciwciala swoistego). Wystapienie W tym wypadku
dodatniej reakcji $wiadczy o nieswoistym wigzaniu si¢ z tkanka jednego ze sktadnikow reakcji.
Mozna dodatkowo wykona¢ tzw. kontrole pozytywna polegajaca na przeprowadzenie reakcji na
przebadanych wczeéniej komorkach lub tkance, w ktorych na pewno jest obecny wykrywany
antygen. Jesli nie uzyskamy dodatniej reakcji, $wiadczy to o nieaktywnych przeciwciatach lub
btedach metodycznych.



Istnieje wiele metod stosowanych w immunocytochemii/immunohistochemii. Ich wybor
zalezy od badanego materiatu, wykrywanego antygenu, wymaganej czuto$ci reakcji, czy czasu
przeprowadzania procedury. Ponizej przedstawione s3 dwie najczgéciej] obecnie
wykorzystywane metody: metoda posrednia oraz metoda ABC.

Metoda posrednia

W metodzie tej odpowiednio przygotowane komorki (lub skrawek
tkanki) inkubuje si¢ z nieznakowanym przeciwcialem rozpoznajagcym
badany antygen (tzw. przeciwcialem pierwszorzedowym). Nastepnie,
odptukuje sie¢ nadmiar przeciwciata, ktore nie zwigzato si¢ z antygenem i
przeprowadza si¢ druga inkubacj¢ ze znakowanym tzw. przeciwcialem
drugorzedowym czyli przeciwcialem, ktore rozpoznaje i1 wigze si¢ z
przeciwciatem pierwszorzgdowym. Przeciwcialo drugorzedowe musi by¢
skierowane przeciwko immunoglobulinom zwierzgcia od ktdérego
pozyskano przeciwciato pierwszorzedowe.

W tej metodzie czesto wykorzystuje si¢ przeciwciala drugorzedowe
A i @ znakowane fluorochromami.

Metoda awidyna-biotyna

Q W tej metodzie wykorzystuje si¢ trwale 1 specyficzne

%} oddzialywanie pomigdzy glikoproteing awidynag (lub podobna
07 streptawidyng), a biotyna, niskoczasteczkowg witaming. Jedna czasteczka
awidyny przylacza 4 czasteczki biotyny. Zwykle biotyn¢ sprzega si¢ z
przeciwcialem drugorzedowym, oraz znakuje si¢ enzymatycznie. W tej
sytuacji wigzanie awidyna-biotyna pelni rol¢ tacznika pomigdzy
przeciwcialem a znacznikiem. W najpopularniejszym wariancie tej
metody przeprowadza si¢ nastgpujace etapy: 1) inkubacja z
nieznakowanym przeciwcialem pierwszorzedowym, ii) inkubacja z
biotynylowanym przeciwciatem drugorzedowym, iii) inkubacja z
kompleksem awidyna — biotynylowana peroksydaza chrzanowa (tzw.

ABC), iv) inkubacja z substratem dla peroksydazy (np.
diaminobenzydyng).

awidyna A biotyna

A antygen . macmik | [Metoda ta, mimo ze do$¢ czasochlonna jest czesto stosowana ze wzgledu

na bardzo wysoka czulo$¢, a zatem na mozliwo§¢ wykrywania w
komorkach nawet antygenow wystepujacych w sladowych ilosciach.

Coraz wigkszg popularnos¢ zdobywaja tez gotowe zestawy odczynnikoOw, zawierajace
przeciwcialo  drugorzedowe sprzgzone z polimerami wyznakowanymi enzymem.
Przeprowadzane z ich zastosowaniem reakcje charakteryzuja si¢ wysoka czuto$cig oraz zwykle
sg mniej czasochtonne od standardowych metod.

Technika immunocytochemiczna jest szeroko stosowana w badaniach biologicznych, a
takze w diagnostyce medycznej. Dostarcza ona informacji dotyczacych obecnosci antygenu w
danym typie komorek i jego wewnatrzkomorkowej lokalizacji. Pozwala okresli¢ zmiany w
zawartosci czy lokalizacji antygenu w warunkach patologicznych.



Technika immunocytochemiczna - zastosowanie w badaniach komoérek ukladu
rozrodczego

Metody immunohistochemiczne/immunocytochemiczne sa od wielu lat z powodzeniem
stosowane w badaniach nad funkcjonowaniem uktadu rozrodczego sakow. Funkcjonowanie
narzadow tego uktadu podlega precyzyjnej regulacji hormonalnej, zarowno przez hormony
biatkowe (takie jak gonadotropiny), jak i hormony steroidowe (androgeny, estrogeny).
Badania w systemie in vitro tzn. na zywych komoérkach utrzymywanych poza organizmem,
pozwalaja na poznawanie mechanizméw syntezy tych hormonow oraz ich dziatania, a takze
wplywu hormondéw 1 innych czynnikow na réznorodne procesy zachodzace w tych
komorkach. W badaniach tych wykorzystywane sg zaréwno hodowle komérkowe pierwotne,
jak rowniez linie komdrkowe komorek somatycznych gonad (komoérek Leydiga, Sertoliego,
komorek ziarnistych pecherzyka jajnikowego, komorek ciatka zottego) oraz innych narzadow
uktadu rozrodczego (prostaty, macicy). Zastosowanie immunocytochemii pozwala na
wykazanie obecnosci, a przede wszystkim subkomoérkowej lokalizacji (oraz jej zmian) w
hodowanych komorkach enzymow zaangazowanych w synteze hormondw, receptoréw
hormondéw 1 wielu innych biatek istotnych dla funkcjonowania komorek narzagdow uktadu
rozrodczego.

Techniki immunohistochemiczne w diagnostyce onkologicznej raka sutka

Pierwszym badaczem, ktéry zasugerowal, ze rak piersi jest nowotworem
hormonozaleznym, byl Schinzinger w 1889 r. Hipotez¢ Schinzingera potwierdzit w 1896
Beatson, wykonujac obustronne usunig¢cie jajnikdow u kobiety przed menopauza z
nieoperacyjng wznowg raka piersi. Po uplywie 8 miesiecy od zabiegu autor stwierdzit u
chorej catkowity zanik tkanki nowotworowej. Zaobserwowany zwigzek miedzy czynnoscia
jajnikoOw a przebiegiem raka piersi stanowit punkt wyjscia do dalszych badan, ktére nabraty
tempa po wyizolowaniu estrogenéw z plynu pegcherzykowego jajnikow przez Allena w 1923
r.

Przetom w badaniach nad hormonozalezno$cig nastapit w latach 60. XX wieku, kiedy
opisano mechanizm 1aczenia si¢ estradiolu ze swoistymi receptorowymi biatkami
cytoplazmatycznymi. Dalsze badania nad receptorem estrogenowym potwierdzity, ze oprocz
udzialu w fizjologicznych przemianach zachodzacych w czasie rozwoju 1 roéznicowania
gruczolu piersiowego, pelni on rowniez kluczowa role w mechanizmie zaleznosci
hormonalnej raka piersi.

Estrogeny sa steroidami produkowanymi przez komorki ziarniste pecherzykow jajnikowych,
w mniejszym stopniu przez komorki srodmiazszowe jajnika, a w czasie cigzy przez komorki
syncytiotrofoblastu. Znikome ilosci tych hormonéw uwalniajg takze komoérki podporowe
kanalikow nasiennych jadra oraz komodrki warstwy siateczkowej kory nadnerczy. Ze znanych
ponad 30 estrogenow tylko estradiol, estron, estriol i 2- hydroksyestron wystepuja W
wigkszych stezeniach, odgrywajacych role czynnosciowa. Najaktywniejszym estrogenem u
kobiet jest 17-betaestradiol a u zwierzat dodatkowo estriol.

Przez wiele lat sadzono, ze istnieje tylko jeden receptor, przez ktory estrogeny moga
oddziatywa¢ na komorki. W 1996 r.w kilku laboratoriach niezaleznie odkryto u szczura,
myszy, czlowieka i1 bydla domowego drugi receptor swoisty dla estrogenow. Wczesniej
poznane i scharakteryzowane bialko okreslano jako receptor estrogenowy alfa (ER alfa), za$
nowe — jako receptor estrogenowy beta (ER beta). Receptory estrogenowe alfa i beta nie sg
wzajemnymi izoformami, lecz dwoma réznymi biatkami kodowanymi przez dwa odrebne
geny . Nalezg one do rodziny receptorow wewnatrzkomorkowych i petnig



funkcje czynnikow transkrypcyjnych. Budowa obu receptoréw estrogenowych wykazuje
cechy wspolne ze wszystkimi receptorami jgdrowymi. Oba receptory estrogenowe wystepuja
w roznych proporcjach w réoznych komorkach.

Gromadzenie si¢ estrogendéw w niektorych komorkach zostato po raz pierwszy
stwierdzone w 1959 r. przez Glasscocka i wspotpracownikéw. Korenman i wsp. w 1969 r.
zaobserwowali szczegdlnie duze nagromadzenie biatek wigzacych estrogeny w cytozolu
komorek guzéw nowotworowych piersi w stosunku do niezmienionych komorek tego
gruczotu lub jego tkanki tluszczowej. Receptor estrogenowy alfa wystepuje najliczniej w
macicy, jajniku, gruczole sutkowym, najadrzu, jadrze, sercu, aorcie, nerce, hadnerczu,
przysadce, podwzgorzu i watrobie . Receptor estrogenowy beta wystepuje w gruczole
krokowym (komorkach $rodbtonka prostaty), w jajniku (komorki ziarniste pecherzykow
przedowulacyjnych), a takze w wielu innych tkankach, np. osrodkowym uktadzie nerwowym
oraz uktadach krwiono$nym, odporno$ciowym, moczowo-piciowym, pokarmowym,
oddechowym.

W gruczole sutkowym, macicy, jajniku oraz w naczyniach krwionosnych i w
osrodkowym uktadzie nerwowym stwierdzono wspotdziatanie obu postaci receptorow.
Dotychczasowa wiedza na temat znaczenia predykcyjnego i rokowniczego w nowotworach
receptora ER beta jest ograniczona a wyniki prac sg czgsto niejednoznaczne.

Bardzo interesujgce wyniki przynoszg badania nad rolg receptorow estrogenowych beta,
prowadzone na liniach komorkowych. W linii komoérek MCF-7 zawierajacych tylko receptory
estrogenowe alfa(ER alfa+) i niezawierajacych receptoréw estrogenowych beta wykazano, ze
estradiol nasilal proliferacje. W tych samych komoérkach po wprowadzeniu ER beta
dochodzito zahamowania proliferacji poprzez wstrzymanie transkrypcji genow dla

c-myc, cykliny D1 i cykliny A 1 zwigkszenie ekspresji p21 1 p27. Wyniki te §wiadcza o tym,
ze receptory estrogenowe alfa 1 beta mogg wywiera¢ przeciwne dziatanie na proliferacje i
tworzenie si¢ guzow. Na podstawie wielu badan naukowcy przypuszczaja, ze obecnosé
receptorow beta w komorkach nowotworowych moze okaza¢ si¢ korzystnym czynnikiem
rokowniczym .

Znana jest rola estrogenow w procesie kancerogenezy. Dziatanie estrogenow w tym
procesie jest zwigzane z ich bezposrednim wptywem na komoérke docelowa 1 wspdidziatanie z
innymi czynnikami egzogennymi: fizycznymi, chemicznym i wirusowymi.

Estrogeny zwigkszaja proliferacje komorkowa, indukuja biatka receptorowe 1 nasilaja synteze
DNA zarowno w tkance gruczotowej, jak 1 podscieliskowej narzadu, co pobudza rozwoj i
wzrost nowotworéw. Hormony te dzialaja na komorke docelowa poprzez wiagzanie kompleksu
steroid — receptor z DNA, co powoduje zmiang transkrypcji genow .

Ekspresja receptoréw estrogenowych w rakach sutka u ludzi stanowi wazny czynnik
predykcyjny i prognostyczny. W leczeniu raka sutka u ludzi zastosowanie znalazty leki, ktore
hamuja synteze estrogendéw (inhibitory aromatazy), leki obnizajace poziom estrogenéw we
krwi (analogi GnRh) oraz leki oddziatujagce na same receptory estrogenowe tzw.
antyestrogeny (TAMOXIFEN, RALOXIFEN). W wigkszo$ci badan wykazano, ze ekspresja
receptorow estrogenowych wiaze si¢ z lepszym rokowaniem. O wptywie estrogenow na
rozw0j nowotworéw gruczotu sutkowego $wiadczy to, ze u suk, ktore zostaly poddane
wczesnej sterylizacji nowotwory te wystepuja rzadzie;j.

Badania ekspresji receptorow estrogenowych dowodza przydatnosci oznaczania
ekspresji receptorow estrogenowych w przewidywaniu rozwoju choroby. Niska ekspresja
receptorow estrogenowych wigzata si¢ z czestszym powstawaniem przerzutow i krotszym
czasem przezycia. Wyzszg ekspresjg receptorow estrogenowych charakteryzowaty sie¢
nowotwory niezlosliwe. Wykazanie obecno$ci receptorow estrogenowych w raku sutka
umozliwia wdrozenie jednej z form hormonoterapii.



2.

Opis procedury

TECHNIKA IMMUNOCYTOCHEMICZNA - ZASTOSOWANIE W BADANIACH
KOMOREK UKEADU ROZRODCZEGO

Cwiczenie 1. Przeprowadzanie reakcji immunocytochemicznej na hodowanych komorkach Leydiga

Material: komorki Leydiga hodowane na szkietkach nakrywkowych, PBS, aceton, metanol, Tritoan X100,

TBS (pH 7,6), Tween 20, 30% nadtlenek wodoru, surowica, diaminobenzydyna (DAB), Zel glicerynowy,

przeciwciato pierwszorzedowe, przeciwcialo drugorzedowe sprzgzone z enzymem.

Wykonanie reakcji immunocytochemicznej

1.
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16.

17.

18.

Szkietka z rosngcymi komorkami przenies¢ do czystych szalek i przeptukaé 3 x PBS
Utrwali¢ komorki przez zanurzenie szkietek w zimnym metanolu na 10 min i acetonie 6
min

Przeptuka¢ w PBS (2 x 5 min)

Zanurzy¢ komorki w 0,1% Tritonie X100 w PBS przez 10 min

Przeptuka¢ w PBS 2 x 5 min

Inkubowa¢ komorki w roztworze 3% nadtlenku wodoru w PBS przez 10 min

Przeptuka¢ w PBS 2 x 5 min

Inkubowa¢ komorki w obecnosci 5% - 10% surowicy (w PBS) pochodzacej od gatunku
zwierzecia, od ktorego pochodzi przeciwciato drugorzgdowe przez 10 min.

Delikatnie odsaczy¢ nadmiar surowicy.

Komoérki inkubowa¢ w  obecnosci  odpowiednio rozcienczonego przeciwciata
pierwszorzedowego przez 20 h w temp +4°C

Przeptukac¢ buforem PBS 3 x 5 min

Nalozy¢ przeciwciato drugorzgdowe sprzezone z peroksydaza na 30 — 60 min w temp.
pokojowej

Przeptukac¢ buforem PBS 3x 5 min

Przeprowadzi¢ reakcje barwna: komorki inkubowaé przez 2 - 7 min w roztworze
diaminobenzydyny.

Przeptuka¢ szkietka woda biezaca w celu zakonczenia reakcji.

Przeptuka¢ szkietka woda destylowang

Naklei¢ szkietka z wybarwionymi komoérkami na szkietka podstawowe uzywajac zelu
glicerynowego.

Oglada¢ preparaty w mikroskopie §wietlnym.



Cwiczenie 2. Obserwacja mikroskopowa i opisywanie preparatdow komorek oraz tkanek uktadu

rozrodczego  wybarwionych metodami  immunohisto/cytochemicznymi na  obecnos¢

charakterystycznych bialek (receptorow hormonalnych, enzymédw steroidogennych itp.).

TECHNIKI IMMUNOHISTOCHEMICZNE W DIAGNOSTYCE
ONKOLOGICZNEJ NA PRZYKLADZIE RAKA SUTKA

Cwiczenie 1. Przeprowadzanie reakcji immunohistochemicznej na skrawkach parafinowych raka
sutka oraz podbarwienie preparatow hematoskyling w celu lepszego uwidocznienia struktury i
miejsc reakcji (jadra komorkowe).

Odparafinowane skrawki poddawane sa nast¢gpujacej procedurze :

A. BLOKOWANIE ENDOGENNEJ PEROKSYDAZY 3% H202
OKOLO 5 MINUT

B. PLUKANIE W BUFORZE TRIS 0.05M ph 7.6

C. SUROWICA BLOKUJACA 20% NORMALNA SWINSKA
OKOLO 20 MINUT

D. PRZECIWCIALO PIERWSZORZEDOWE MYSIE PRZECIWKO LUDZKIM
RECEPTOROM ESTROGENOWYM
OKOLO 30 MINUT

E. PLUKANIE W BUFORZE TRIS

F. PRZECIWCIALO SWINSKIE WIAZACE BIOTYNYLOWANE PRZECIWKO
MYSIM OKOLO 15 MINUT

G. PLUKANIE W BUFORZE TRIS

H. STREPTAWIDYNA SPRZEZONA Z PEROKSYDAZA
OKOLO 10 MINUT

I. PLUKANIE W BUFORZE TRIS

J. ROZTWOR CHROMOGENU : KARBAZOL (AEC) lub DWUAMINOBENZYDYNA
(DAB) Z NADTLENKIEM WODORU OKOLO 10 MINUT Z
KONTROLA POD MIKROSKOPEM

K. PLUKANIE W H20

L. PODBARWIENIE W HEMATOKSYLINIE
OKOLO 5 MINUT



L. ZAMKNIEIE PREPARATU W Glicero-zelu lub Balsamie Kanadyjskim
OKOLO 5 MINUT

M. OGLADANIE PREPARATOW
OKOLO 10 MINUT

ROWNOLEGLE KONTROLA NEGATYWNA NA JEDNYM PREPARACIE
POLEGAJACA NA POMINIECIU PUNKTU D (PRZECIWCIALO
PIERWSZORZEDOWE) !!!

CZAS TRWANIA 130 MINUT + 10 MINUT NA KOMENTARZ= 140 (2.h 20 minut)

Cwiczenie 2. Obserwacja mikroskopowa reakcji immunohistochemicznej na obecnosé
receptorow estrogenowych alfa w badanym materiale.

3. Wymagania

Po zakonczonych ¢wiczeniach studenci powinni zna¢ podstawowe techniki immunocyto-
histochemiczne (bezposrednie i posrednie, ich schematy), zna¢ stosowane w nich reakcje
kontrolne, zna¢ znaczenie stosowania reakcji na obecno$¢ receptorow estrogenowych w
diagnostyce onkologicznej oraz przyktady zastosowania immunocytochemii w badaniach
naukowych nad funkcjonowaniem uktadu rozrodczego.
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STAINING METHODS
THOMAS BOENISCH

W This chapter will briefly review some of the older methods
and draw attention to aspects that were not given thair
desanved dues in the two previous editions of the Handbook.
This will be followed by a8 more detailed description of
sewveral newer working procedures, including their advan-
tages and disadvantages. Because of the everincreasing
repartoira of immunohistolcyto}chemical methodalogy to
choose from, the individual investigator will have to make a
careful salection based primarily on the type of specimen to
be investigated, the available primary antibody, the degree
of sensitivity and the processing time required as well as the
cost of the reagents.

Although published more than ten years ago, loday the
Special Report by Nadiji and Ganjel” on the use of immuno-
chemical staining methods in diagnostic cytology is consid-
ered a landmark review on this topic. Among the subjects co-
ered were important technical aspects, the evaluation of tha
staining results and their specific diagnostic applications. The
preparation of cell block specimens including their immuno-
cytochemical staining has been covered also by others.?

Another subject not deal with in our last editon was the influ-
ence that decalcification of bone biopsies may have on the
immunoreactivity of several antigens. For important contribu-
tions on this topic, read the publications by Mullink et aF and
Mukzi et al*

Regarding primary antibodies of the monockonal type, somea
attention should be directed to the type of diluent buffer used.
Rather than extrapolate from many years of experience in the
use of homogeneous polyclonal antibodies,* diluents to be
used for monoclonal antibodies of widely diferent character-
istics should be selected more carefully>* For example, 0.02M
phosphate buffersd saline (PES) was highly recommeandad®
and is still widely used as a diluemt for primary antibodies,
including those of the monoclonal type. However, bwo recent
systematic siudies showed that this diluent buffer decreased
the sensitivity of the immune reaction between most of the tis-
sue antigens investigated and their monoclonal antibodies.™
This study also confirmed that addition of 0.15M Na+ ions o
Tris diluent buffers could negatively affect the performance of
monoclonal antibodics when comparaed o Tris buffers without
this ian.=*

Whian alkaing phosphatase Serves &5 an engyme [Eoel In & pro-
cedurs, avold using phosphate buffers as they Infibit the 2ctv-
ty of the enzyme. Sodium azide, an anibacteral agent present
In many commercially prepaned bulfers, C2n prevent binding of
1M PRMmKNESE BrZYMme 10 1S SUDSIEte and INFIDR Coior devel-
Opment. It Use In wash and diluent buffers should be avoided.

DIRECT METHOD

B |n this oldest technique, an enzyme-labelled primary
antibody reacts with the antigen in the tissue (Figure 6).
Subsequent use of substrate-chromogen concludes the
reaction sequence. Because this method utilized only one
antibody, it could be completed quickly, and nonspecific
reactions were limited. However, since staining involves
only one labelled antibody, little signal amplification was
achieved and the method is no longer sufficiently sensitive

A
NN

Figure & Direct mathod: Enzyme-labelied primany anibody reacts with
ti=50e antigen

TWO-STEP INDIRECT METHOD

B In this method, an unconjugated primary antibody first
binds 1o the antigen. An enzyme-labelied secondary antibody
directed against the primary antibody (now the antigen) is
then applied (Figure 7). followed by the substrate-chromogen
solution. If the primary antibody is made in rabbit or mouse,
the spcondary antibody must be directed against rabbit or
mouse immunoglobulins, respectively.

This method is more versatile than the direct method
because a variety of primary antibodies from the same
species can be used with the same conjugated secondary
antibody. The procedure is also more sensitive than the
direct method as several secondary antibodies are likely to
react with a number of different epitopes of the primary
antibody thus amplifying the signal as more enzyme male-
cules are attached per each target site.

N e

4
Figure 7 Two-step Indirect methoc: Enzyme-latelisd secondary
anlibocy reacts with prmary entibody bound o iissus anbigen.



Undesired reactions may occur if the secondary antibody
cross-reacts with immunoglobulins of the tissue specimen.
This cross-reactivity howewver is now routinaly aliminated by
using preabsorbed secondary antiserum, i.e., antiserum
that has been absorbed with immunoglobulins from the
species under investigation.

Probably one of the oldest uses of this technique was for
the detection of autoimmune antibodies (e.q., antinuckear
antibodies) in human serum. In this case, the patients
serum served as the source of the primary antibody and
was applied onto tissue specimens containing the nuckear
antigen, to be followed by an enzyme-linked secondary
antibody to human immunoglobulin. If the patient’s serum
contained antibodies to this antigen, the enzyme-linked
secondary antibody would react with the patients
antibody and thereby indicate a positive result.

THREE-STEP INDIRECT METHOD

W In the three-step indirect method, & second enzyme-
conjugated antibody s added to the previously described
indirect technique. The two enzyme-conjugated secondary
antibodies are applied sequentially (Figure B). For example,
if the secondary antibody was made in goat, the third
antibody must be specific for goat immunoglobulin. Bath,
the secondary and tertiary antibodies must be conjugated
o the same enzyme.

The addition of a third layer of antibody serves to further
amplify the signal. since more antibodies are capable of
binding to the previously bound secondary reagent. This
procedure is particularly helpful when staining antigens
with a imited number of epitopes.

The three-step indirect method provides a simple way to
further increase the staining intensities comparad to the
o previous techniques.
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Figure &: mae-smpmaraclmmu Enzym—tanelm tertiary antizody
reacls with enzyme-latalied secondary artibod
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SOLUBLE ENZYME IMMUNE COMPLEX
TECHNIQUES

B Thesa techniquas, sometimes also called unlabelled
antibody methods, utilize a preformed soluble enzyme-
anti-enzyme immune complex. To obtain this soluble
complex, excess enzyme is added to its antibody and any
precipitate is removed.

The staining sequence of this technique consists of the
use of an unconjugated primary antibody, a secondary
antibody, the solubla enzyma-anti-anzyme complex and
substrate solution. The primary antibody and the antibody
of the enzyme immune complex must be made in the
same species. The secondary antibody must be directed
against immunoglobuling of the species producing both
the primary antibody and the enzyme immune complex.
The secondary antibody is added in excess so that one of
its two Fab sites binds to the primary antibody leaving tha
other site available for binding the antibody of the enzyme
immune complex.

Soluble enzyme-anti-enzyme immune comphex techniques
were named after the particular enzyme immune complex
they used. For example. the PAP method utiized a
peroxidase-antiperoxidase complex, APAAP used an alka-
line phosphatase-antialkaline phosphatase complax. Tha
PAP complex consists of three molecules of peroxidase
and two antibodies and the APAAP complex has two mole-
cules of alkaline phosphatase and one antibody (Figure 9).

Y
5

Figure 8- The APAAF IMmUNe complex reacts wih secondary antibody.
Primary antbody and the antibody of the IMmUne compiex must be
made in the same spacles.

These methods were more sensitive than those described
presiousty. The technique made use of the affinity of antibody
for antigen (enzyme) to form a stable immune complex as
opposed to the harsher chemical conjugation process. Tha
greater degree of sensitivity compared to the previously
described methods was mainly attributed to the greater
number of enzyme molecules localized per antigenic site.
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For many years, the PAP and APAAP procedures
represented the most sensitive and refiable and hence
mast popular techniques in many pathology laboratories.
However, today these techniques are only rarely used.

(STREFT)AVIDIN-BIOTIN TECHNOLOGIES

W Most of the immunochemical staining methods in usa
today are based on the high affinity (K = 10-15M) that
(streptiavidin (Srgptomyces aviding) and avidin (chicken
eqqg) have for biotin. Both possess four binding sites for
biotin, but due to the molecular orentation of the binding
sites, fewer than four molecules of biotin will actually bind.
Because avidin is a glycopratein and has an isoelectric
point (pl) of 10, it has a propensity to non-specifically bind
to lectin-like and negatively charged tissue componants
at physiological pH. It has been largely replaced today by
streptavidin (also see Background chapter).

The inherant amplification of sensitivity made the avidin-
and streptavidin-biotin methods more desirable than the
previously described PAP and APAAP methods. The basic
sequence of reagent application consists of primary
antibody, biotinylated secondary antibody, followed either
by the preformed (strept)avidin-biotin-enzyme complex of
the avidin-biotin complex (ABC) technique (Figure 10) or
by the enzyme-labelled streptavidin (Figure 11). Both
conclude with the substrate solution. Horseradish peroxi-
dase and alkaline phosphatase are the most commonky
used enzyme labels. While the authors of the ABC
method” reported this procedure to have a greater
sansitivity than the PAP method, Giormo™ subsequanthy
found the sensitivity of a labelled avidin-biotin (LAB)
method to be approximately four- to eight-fold greater than
the ABC method. In both methods, the avidin has now
been largely replaced by the use of streptavidin leading to
the labelled streptavidin-biatin (LSAB) method and a
modified ABC procedure, respectively.

Several modifications of these technologies have either
increased the sensitivity or contributed to facilitating the stain-
ing process. These will be discussed later in this chapter.
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COMpla Meacts with e Holmiaten secandary 2ntioody.

W
N
)L\

Figure 112 In e LAB o LSAR EChnoingy, the enzyme-abeles
{sireptjavidin reacts with the bictnylaled secondary anibody.

B GENERAL ABC PROCEDURE Formation of the ABC
complex requires that the solutions of the (strept)avidin
and biotinylated enzyme are mixed in an optimal ratio and
be prapared at least 30 minutes before use. All incubations
are carmied out at room temperature.

1. Incubate tissue 30 minutes with normal swine
(rabbit) serum.

2. Tapoff serum and wipe away excess. DO NOT RINSE.

Incubate 30 minutes with each of the following
3 reagents; rinse with and place 3-5 minutes in wash
buffer after each step.

3. Primary antibody.

4. Biotinylated secondary antibody.

5. (Streptavidin-biotin complex (prepared at least
30 minwes before use).

6. Incubate with substrate until desired staining intensity
has developed.

1. Rinse with distilled water, counterstain and coverslip.

ABC PROCEDURE UTILIZING CATALYZED
SIGNAL AMPLIFICATION (CSA)

W Catalyzed signal amplification (C5A) uses an amplifi-
cation reagent subsequent to the use of the streptavidin-
biotin-peroxidase complex of the ABC protocol. The
amplification reagent contains a phenolic substrate
(biotinyl-tyramide) that is catalyzed by the bound perox-
idase to form insoluble biotinylated phenols ™™ The
deposited biotins are then reacted with streptavidin-
labelled peroxidase, thereby resulting in the deposition
of additional enzyme molecules (Figure 12). Sanno et al™
reported staining for pituitary hormones by CSA with a
sensitivity estimated to be 100 fold greater than that of
the standard ABC method. In a comparison with the
LSAB method, over 40 primary antibodies were found to
react positively by the C5A system at dilutions from 20 to



200 times greater.” Furthermore, the C5A system was
shown to be sensitive enough to detect many antigens of
formalin-fixed and paraffin-embedded tissue previously
considered unreactive in this medium. In combination
with thermally induced antigen retrieval (see Antigen
Retrieval chapter), C5A has vastly expanded the
horizons of immunohistochemistry.
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Figure 1Z Inthe CSA lachnoiogy, the primary antibody (sep 5) b ilowed
by & biotyiated secondary antibody [SID &), the streptavidin-botin
COmpiex (Se T}, e ampification reagent (skep 3}, and conCiuoas win the
SIreptanain-enzyme COMPIER (Step 9),

B GEMERAL CSA PROCEDURE FOR USE WITH
MONCOCLONAL MOUSE PRIMARY ANTIBODIES.

1. Incubate tissue 5 minutes with peroxidase blocking
reagent (optional).
2. Rinse with and place 3-5 minutes in buffer.

3. Incubate & minutes with a protein-blocking reagent
to reduce background.

4. Tap off excess protein block. DO NOT RINSE.

Incubate 15 minutes with each of the following
5 reagents, repeat Step 2 after each:

5. Primary mouse antibody (or negative control
reagent).

6. Biotinylated rabbit anti-mouse link antibody.

1. Streptavidin-biotin complex.

8. Amplification reagent.

9. Streptavidin-peroxidase complax.
10. Incubate 5 minutes with substrate-chromogen solution.
11. Rinse with distilled water.
12, Counterstain with hematoiylin (optional) and coverslip.

STAINING METHODS = 79

LSAE TECHNOLOGIES

W The L5AB reagents are applied in the sequence of
primary rabbit (mouse) antibody, biotinylated anti-rablbit
(anti-mouse) immunaglobulins and streptavidin-enzymea
conjugate (Figure 13). The color reaction is then
developed with the appropriate substrate/chromogen.
Although refatively short incubations of 10 minutes are gen-
erally recommended for routine applications, a substantial
increase in sensitivity can be obtained by incubations with
these reagents (especially primary antibody) for 30 minutes.

Except for the use of appropriatety diluted enzyme-labelled
streptavidin, the same protocol should be followed as for the
ABC procedure. It should be noted that the biatinylated
antibody and the enzyme-labelled streptavidin can be
pre-mixed and applied as a complex, thereby shortening
this procedure by one step.
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Figure 13; The thres steps of the LSAR lachnoiogy consist of the primary
artizody (stap 3, biotinglated ink artibody (stap 4) and enryme-labeliad
straplavicin (steq &)

B GENERAL LSAB PROGEDURE (HRFP) FOR USE WITH
MONOCLONAL MOUSE PRIMARY ANTIBODY

1. Incubate 5 minutes with peroxidase blocking reagent
(optional).
2. Rinsewith and place 3-5 minutes in wash buffer.

Incubate 10 minutes with each of the following
4 reagents; repeat Step 2 after each:

Primary antibody (or negative control reagernt).
Biotimylated link antibody.

Streptavidin-HRF

Substrate-chromogen soiution.

Counterstain with hemataxylin (optional) and coverslip.

~om;om o La

CHAIN POLYMER-CONJUGATED TECHNOLOGY

W This technology (DAKO EPOS™ and DAKO EnVision
Systems) is protected by patants both in the USA as well as
in Europe and utilizes an enzyme-labelled inert "spine” maol-
ecule of dextran (Figure14). In addition to an average of 70
maolecules of enzyme, 10 molecules of antibody can ba
attached to the spine molecule. In the EPOS System
(Enhanced Polymer One-step Method) it is the primary
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antibody that is conjugated to the enzyme-labelled dextran,
thus staining is reduced to one immunochemical step.
Conjugation of the secondary antibody instead results in
the EnVision Systam in which staining is performed first by
incubation with the primary antibody followed by the
polymer. Conjugation of both anti-rabbit and -mouse
secondary antibodies renders the system useful for both
poly- and monoclonal primary antibodies, respectivaly.
Because these systems avoid the use of (streptjavidin and
biatin, nonspecific staining as a result of endogenous biotin
is eliminated.

As mentioned, the chief advantage gained by the EPOS
and EnMision technologies was the reduced number of
incubation steps of the staining protocol normally required.
Using the EPOS system, Chilosi et al™ reported rapid
staining completed in a single step and within 10 minutes.
Om the other hand, prolonging the incubation times with
the primary antibody and the labelled polymer of the
EnVision system can also result in antibody dilutions
several-fold higher than those used in the standard ABC or

LSAB protocols.

To what extent, if any. the molecular size of the polymer
conjugate may constitute an impediment to unobstructed
penatration of tissue sections has not been established ™
W GENERAL EF0OS PROCEDURE (PEROXIDASE)
Quench for endogenous peroxidase activity (optional).
Rinse with and place 3-5 minutes in wash buffor.
Incubate 10-60 minutes with EPOS conjugate.

Repeat Step 2.

Incubate 5-15 minutes with substrate-chromogen
Counterstain (optional) and coverslip.

A

W GENERAL ENVISION PROGEDURE (PEROXIDASE)
1. Incubate 5 minutes with peroxidase blocking reagent
(optional).

2. Rinse with and incubate 3-5 minutes in wash buffer.

3. Incubate with primary antibody for 10° minutes.

4. Repeat Step 2.

5. Incubate for 5-10 minutes in polymer solution.

6. Repeat Step 2 twice.

7. Incubate 5-10 minutes in substrate substrate-
chromogen.

8. Repest Step 2.

9. Counterstain and coverslip.

InCubations of 30 minUes are Lsed Inhe EMasion: system and heip o
INCraase sansihiy.
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Figune 14: I the two-step ENVIsion System, the primary antbody (step
3) IS foliowed by 2 Spane molecule [Step &) wihkch contains an average of
10 molecwies of secondary antibady and 70 mokecules of anzyme.
(Penxidasa block and wash sleps omitted.)

ENVISION PROCEDURES FOR THE SIMULTANEOUS
STAINING OF SEVERAL TISSUE MARKERS

W Procedures for the simultaneous staining of two or mone
tissue antigens have frequently suffered from limitations
which rendered their use impractical. The chain-polymer
based technology of the EnVision system however has
been wtilized successiully for this application.™ Figure15
illustrates the system in which peroxidase- and alkaline
phosphatase-labelled polymers are conjugated with
sacondary antibodies against rabbit or mowse. An elution
stepp prior to the use of additional primary antibodies serves
to remove previously bound primary and link antibodies
leaving only the deposit of chromogen from the previous
steps,” thus eliminating any potential for cross-reactivity.

B GENERAL DOUBLESTAIN PROCEDURE
1. Ouench for endogenous peroxidase activity (optional).
2. Rinse and incubate for 3-5 minutes in wash buffer.
Incubate for 107 minutes with each reagent in
Steps 3. 4. 8 and 9; repeat Step 2 after each:
First primary antibody.
First link antibody/peroxidasa-conjugated polymer.
Incubate 5-10 minutes with first substrate-chromogen.
Rinse with distiled water.
Incubate in doublestain block reagent for 3 minutes.
Second primary antibody.
Second link antibody/alkaline phosphatase-
conjugated polymer.
10. Incubate 5-10 minutes with second substrate-
chromogen.

11. Rinse with distiled water.

12. Counterstain (optional) and covership.

InCubatons of 30 minutes ane Lsad inthe Enyision+ System and help 1o
INCTESSA SEMSIVEY.
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Figure 15: For e smultaneous slaining of two or morne Ussue markers by
the Envision System, the (rst prmary a [step 3) IS folowed by the
Nrst spine molecule (stap 4), Use of 3 CTomagen for me stalning of the
first antigen {siep &) ks followed by a biocking reagent (stap 7), appica-
tion of the second primary antibody (step 5), the second spine molecule
{step 9) and ks concludad with the Lse of the second chiomogen (stap
10y, The System alows for the usa of a combination of rabbt patycional
andior mouse monocional primary anibodies, ersa andior alaline
. &5 well a5 chromogens such as DAB, Ennanced DAB. Fast
Red, Fuchsin and BCIF/NBT. (Parmidase biock and wash steps ombed )
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QUICK STAINING METHODS

W Situations may arise when rapid histopathological
evaluation becomes either necessary or desirable, as for
example, during surgery. Traditionally. such evaluation was
based almost entirely on morphological parameters
following routine hematoxylin and eosin staining. The
development af high-quality primary antibodies and more
sensitive staining technigues, has made it possible to also
obtain rapid immunochemical parameters to complement
morphology.

Careful selection of methodology (e.g., EFOS), including
primary antibody and antibody diluent (pH. ions). have
significantly contributed to successful rapid staining with
minimal background interference.”™* However, rapid
staining protocols do not lend themsalves to the processing
of many tissue sections at one time.
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BASIC ENZYMOLOGY
THOMAS BOENISCH

W Immunoenzymatic staining methods utilize enzyme-
substrate reactions to convert colorless chromogens into
colored end products. OF the enzymes used in thesa
applications, only horseradish peroxidase and calf
intestina alkaline phosphatase will be considersd in somea
detail. Because of its low sensitivity, glucose oxidase
(Aspergiius niger) is only rarely used today.

This chapter will also discuss the various chromogens and
substrates that can be used in conjunction with peroxidasa
and phosphatase, along with suggested procedures for
the preparation of some substrate solutions.

ENZYMES

W Enzymes are proteinaceous catalysts peculiar to living
matter. Hundreds have been obtained in purified and
crystalline form. Their catalytic efficiency is extremely
high-one male of & pure enzyme may catalyze the trans-
formation of as many as 10,000 to 1,000,000 moles of
substrate per minute. While some enzymes are highly
specific for only one substrate, others can attack many
related substrates. A very broad classification of enzymes
would include hydrolytic enzymes (esterases, proteasas).
phosphorylases, oxidoreductive enzymes (dehydroge-
nases, oxidases, peroxidases). ransferring enzymes.
decarboxylases and others.

Enzymatic activity is dependent upon several variables,
such as enzyme and substrate concentrations, pH, salt
concentration of the buffer miliew, temperatura and light.
Many enzymes also possess non-prateinaceous chemical
portions termad prosthetic groups. Typical prosthetic
groups are the imon-protoporphynin of peroxidase, and biotin
of COz transferases. In addition, many enzymes require the
presence of metal ions such as Mg++, Mn++ and Zn++, which
function as electrophilic (electron-attracting) agents.

The general formula, which describes the reactions of an
enzyme with its substrate, may be written as follows:

1. Emzyme (E) + Substrate (S) = ES complex
2. ES = E + Products (P)

Thus, befora formation of the product, a transient enzyme-
substrate complex is formed at the "active site” (prosthetic
group) of the enzyme.

Substances that interfere with the specific binding of the
substrate to the prosthetic group are specific inhibitors and
differ significantly from agents which cause nonspecific

denaturation of enzyme (or any protein). Two basic types of
inhibition are recognized, competitive inhibition and non-
competitive inhibition. Competitive inhibition is the result of
a reversible formation of an enzyme-inhibitor complex (E1):

E + Inhibitor (I} + S=El + 5

The formation of the complex El can be reversed by a
change in the concentration of either the substrate or the
inhibitor, unless the affinity of | for E is greater than of 5 for E.
The action of carbon monoxide or azides on the heavy
metals of respiratory enzymes is a typical example of
competitive inhibition.

In noncompetitive inhibition, the inhibition depends solaly
on the concentration of the inhibitor and generally. is not
reversible. Noncompetitive inhibition may or may not
involve the prosthetic group of the enzyme and manifests
itself by slowing down or halting the velocity of the
eanyme’s reaction upon the substrate.

E+1+5—=EIS

Selecting the enzyme most suitable for a particular

immunohistochemical application depends on a number

of criteria:

B The enzyme should be available in highly purified form
and be relatively inexpensive.

B Conjugation (covalent binding to antibody or avidin,
for example) or noncovalent binding should not
abolish enzyme activity, although it may diminish it.

W The bound enzyme should be stable in solution.

B Endogenous enzyme activity should interfere only
minimally with specific antigen-related staining.

B The products of the enzymic reactions should be
readily detectable and stable.

Horseradish peroxidase and calf intestine alkalineg
phosphatase meet most of these criteria and the following
will It their properties in more detail.

B HORSERADISH PEROXIDASE (HRP): This enzyme
(molecular weight 40 kD) is isolated from the root of the
horseradish plant. HRP has an iron-containing heme group
(hematin) as its active site and in solution is colored brown.
The hematin of HRP first forms a complex with hydrogen
peroxide and then causes it to decomposa resulting in water
and atomic oxygen. HRP oxidizes several substances, two
of which are polyphenols and nitrates. Like many other
enzymes, HRP and some HRP-lke activities can be
inhibited by excess substrate. The complex formed between



HRF and excess hydrogen peroxide is catalytically inactive
and in the absence of an electron donor (e.g. chromogenic
substance), is reversibly inhibited. It is the excess hydrogen
peroxide and the absence of an electron donor that brings
about quenching of endogenous HRP activities. Cyanide
and azide are two other strong (reversibie) inhibitors of HRP.

HRP can be attached to other proteins either covalently or
noncovalently. The covalent binding of HRP to other proteins
can be performed using either one-step or two-step
procedures involving glutaraldehyde. The chemical
4.4"-difluoro-3.3"-dinitrophenyl sulfone (FNPS) is less com-
manky used for this purposa. In all cases, the epsilonamino
groups of lysine and N-terminal amino groups of both pro-
tains are involved in this reaction. The two-step conjugation
procedure is preferred becawse, relative to the antibody
molecule, the HRP molecule has few reactive groups. As
a consequence. adding glutaraldehyde to a solution
containing an admixture of HRP and antibody will result in
more antibody molecules being conjugated to each other
than to the enzyme. In the two-step procedure, HRP reacts
with the bifunctional reagents first. In the second stage,
only activated HRP is admixed with the antibody resulting
in much mare efficient labelling and no polymerization.

HRP is also conjugated to {streptjavidin using the two-step
glutaraldehyde procedure. This form is used in the LAB
and LSAB procedures for example. Conjugation with biotin
also involves two steps, as biotin must first be dervatized
to the biotinyl-N-hydroxysuccinimide ester or to biotin
hydrazide before it can be reacted with the epsilonamino
groups of the enzymea.

Noncovalent binding of HRP to antibody (also known as
unlabelled antibody binding) is described in great detail by
Sternberger’ Instead of the use of bifunctional reagents,
lgG-class antibodies to HRP are used to form a soluble
semicyclic immune complex consisting of two antibody
and three enzyme molecules. The molecular weight of the
peroxidase-antiperoxidase or PAP complex is 400-430 kD.

B CALF INTESTINE ALKALINE PHOSPHATASE (AP):
Calf intestine alkaline phosphatase (molecular weight 100
kD) removes (by hydrolysis) and transfers phosphate
groups from organic esters by breaking the P-0 bond; an
intermediate enzyme-substrate bond is briefly formed. The
chief metal activators for AP are Mg++, Mn++ and Ca++.

AP had not been used extensively in immunohistochemistry
until publication of the unlabelled alkaline phosphatase-
antialkaline phosphatase (APAAR) procedure.®* The
soluble immune complexes ulilized in this procedure have
molecular weights of approximately 560 kD. The major
advantage of the APAAP procedure compared to the PAP
technique is the kack of interference posed by endogenous
peroxidase activity. Because of the potential distraction of
endogenous peroxidase activity on PAP staining, the
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APAAP technique is recommended for use on blood and
bone marow smears. Endogenous alkaline phosphatasa
activity from bone, kidney, liver and some white cells can be
inhibited by the addition of 1 mM levamisoie to the substrata
solution,* although & mM has been found to be more
effective.* Intestinal alkaline phosphatases are not
adequately inhibited by levamisole.

SUBSTRATES AND CHROMOGENS

W PEROXIDASE As described abave, HRP activity in tha
presence of an electron donor first results in the formation
of an enzyme-substrate complex, and then in the oxidation
of the electron donor. The electron donor provides the
“driving” force in the continuing catalysis of Hp0z, while its
absence effectively stops the reaction.

Thera are several electron donors that when oxidized.
become colored products and are therefore called
chromogens. This, and the property of becoming insoluble
upon oxidation, make such electron donors useful in
immunohistochemistry.

3,3-0DIAMINCBENZIDINE (DAB) produces a brown end
product which is highly insoluble in alcohol and other organ-
ic solvents. Oxidation of DAE also causes polymerization,
resulting in the ahility to react with osmium tetroxide, and
thus increasing its staining intensity and electron density. OF
ther several metals and methods used to intensify the optical
density of polymerized DAB. gold chioride in combination
with silver sulfide appears to be the most successful ®

3-AMINO-8-ETHYLGARBAZOLE [AEG). upon oxidation,
forms a rose-red end product which is alcohol soluble.
Therefore, specimens processed with AEC must not ba
immersed in alcohol or alcoholic solutions (e.g., Harris'
hematoxylin). Instead, an aqueous counterstain and
mounting medium should be used. AEC is unfortunately
susceptible to further oxidation and, when exposed to
excessive light, will fade in intensity. Storage in the dark is
therefore recommended.

4-CHLORGO-1-NAPHTHOL (GN) precipitates as a blue end
product. Because CN is soluble in alcohol and other organ-
ic sohwents, the specimen must not be dehydrated, exposed
to alcoholic counterstains, or coversipped with mounting
media containing organic solvents. Unlike DAB, CN tends to
diffuse from the site of precipitation.

p-PHENYLENEDIAMINE DIHY DROGHLORIDE/ pyrocatechol
[Hanker-Yates reagent) gives a biue-black reaction product
which is insoluble in alcohol and other organic solvents. Like
polymerized DAB, this reaction product can be osmicatad.
Varying results have been achieved with Hanker-Yates
reagent in immunoperoxidase techniques.
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B ALKALINE PHOSPHATASE In the immunoalkaline
phosphatase staining methed, the enzyme hydrolyzes
naphthol phosphate esters (substrate) to phenolic com-
pounds and phosphates. The phenols couple to colorlass
diazonium sahs (chromogen) to produce insoluble, colored
azo dyes. Several different combinations of substrates and
chromogens have been used succassfully.

MAPHTHOL AS-MX PHOSPHATE can be used in its acid
form or as the sodium salt. The chromogens Fast Red TR
and Fast Blus BB produce a bright red or blue end prod-
uct. respectively. Both are soluble in alcoholic and other
organic solvents, so aqueous mounting media must be
used. Fast Red TR is preferred when staining cell smears.

MNEW FUGHSIN also gives a red end product. Unlike Fast
Red TR and Fast Blue EB, the color produced by New
Fuchsin is insoluble in alcobol and other arganic solvents,
allowing for the specimens to be defydrated before cover-
slipping. The staining intensity obtained by use of New
Fuchsin is greater than that obtained with Fast Red TR or
Fast Blue BB.

OTHER SUBSTAATES AND CHROMOGENS Additional
substrates include naphthol AS-Bl phosphate, naphthol
AS-TR phosphate and 5-bromo-4-chloro-3-indoxyl phos-
phate {BECIF). Other possible chromogens include Fast
Red LB, Fast Garnet GEC, Nitro Blue Tetrazolium (NBT)
and iodonitrotetrazolium Violat (INT).

Detailed descriptions and information for the preparation
of the most commonly wsed substrate-chromogen mixiures
for HRP and AP® as well as their appropriate use and
advantages or disadvantages are available.2™

SUGGESTED PROCEDURES FOR SUBSTRATE-
CHROMOGEN REAGENTS

W PEROXIDASE
AEG SUBSTRATE SOLUTION (recommended for cell
SMears)
1. Dissolve 4 mg AEC in 1 mL N.N-dimethylformamide.
2. Add 14 mL 0.1 M acetate buffer, pH 5.2 and 0.15 mL
3% hydrogen peroxide.
Mix, and filter if precipitate forms.

4. Add solution to tissue and incubate for 5-15 minutes
at room temperature.

Rinsa with distilled water.

6. Counterstain and coverslip with aqueous-based
medium.

DAB SUBSTRATE SOLUTION
1. Dissolve 6 mg DAE in 10 mL 0.05 M Tris buffer, pH 7.6.
2. Add 0.1 mL 3% hydrogen peroxide. Mix, and fiter
if precipitate forms.
3. Add solution to tissue and incubate for 3-10 minutes
at room temperature.
4. Rinse with distilled watar.

5 Counterstain and coversiip with either organic-
or aqueous-based medium.

B ALKALINE PHOSPHATASE

FAST RED SUBSTRATE SCLUTION (recommendad fior

cell smears)

1. Dissolve 2 mg naphthol AS-MX phosphate, free acid
(Sigma M 4875} in 0.2 mL N,N-dimetihylformamide in
a glass wiba.

2. Add 58 mL 0.1 M Tris buffer, pH 8.2.

3. Add 0.07 mL of 1 M levamiscle (Sigma L 9756)
to block endogenous alkaline phosphatase. (Solution
can be stored at 4°C for several weeks, or longer
at-20°C.)

4. Immediately before staining, dissalve 10 mg Fast Red
TR salt (Sigma F 1500) in above solution and filter
onto slides.

5. Incubate for 10-20 minutes at room temperature.
6. Rinse with distilled water.

7. Counterstain and coverslip with aqueous-based
medium.

NEW FUGHSIN SUBSTRATE SCLUTION (recommended
for tissue sections)

1. Solution A: Mix 18 mL of 0.2 M 2-amino-2-metiyl-1,

3-propanediol (Merck 8071464) with 50 mL 0.06 M
Tris buffer, pH 5.7 and 600 mg sodium chioride. Add

Z8B mg levamisole (Sigma L B756).
2. Solution B: Dissohe 35 mg naphthol AS-B1 phosphate
(Sigma N 2250) in 042 mL N, N-dimethyiformamida.

3. Solution C: Under fume hood, mix 014 mL 53 New
Fuchsin (Sigma M 0638, 5 gin 100 mL 2 M HCI) with
10.35 mL of freshly prepared 4% sodium nitrite (Sigma
5 2252, 40 mg in 1 mL distilled water). Stir for 60 sec.

4. Mix Solutions A and B, then add Solution C: adjust to
pH 8.7 with HCI. Mix well and fiter onto slides.

5. Incubate for 10-20 minutes at room temperature.
6. Rinse with distilled water.

7. Counterstain and coverslip with either organic- or
aqueous-based medium.



NEW FUCHSIN SUBSTRATE SOLUTION (alternative
procedure)
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Solution A: In fume hood add 0.2 mL of 5% New
Fuchsin (Merck 4041, in 2 N HCI) to 0.5 mL of fresh
4% sodium nitrite. Agitate for 30-60 sec. Add 100 mL
of 0.05 M Tris buffer, pH 8.7, and 100 pL of 1 M lev-
amisole to block endogenous alkaline phosphatase.
Solution B: Dissolve 50 mg naphthol AS-BI phos-
phate (Sigma N 2250) in 0.6 mL N,N- dimethyifor-
mamide.

Add Solution B to Solution A and mix well. Filter
directly onto slides.

Incubate for 10-20 minutes at room temperature.

Rinse with distilled water.
Counterstain and coverslip with either organic- or
aqueous-based medium.
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