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ABSTRACT

| . : al%
, Carc1noembryon1c Ant1gen (CEA). a*guy?dbtﬁté!njw1th a molecu-
,“ 5, N»’ R

' Jlar we1ght of 180,000 to 200,000 dal tof’s" weﬁ i:nﬁtm393cr1bed by Gold

and Freedman. It was then-be]1eved that CEA was present only in can-
. 0 : ' : : :

cers of gastrdintestinal-orfgin and fetal digestive organ$ in the °

f1rst two tr1mesters of gestat1ona1 age, and for this reason,'it was

caTled,carc1noembrydn1c ant1gen. It has since been demonstrated that

CEA is present not only in sera of patients with enterlc carc1nomas
4 i .

but also.in those patients with extragastrointestinal carcinomas,

I

'. heavy smokers, in some normal people and also changes w1th sex and
age, in ma]es h1gher than in. fema]es and in o]der 1nd1v1duals h1ghen
()_ -

‘than in younger 1nd1v1duals. o T

Perox1dase antlperox1dase (PAP), a high]y sensitive technique,

has been used in this study td/detect CEA at thé ce]]ular 1eve1 CEA -

_ wWas detected not - only in mallgnant neoplasms of gastro1ntest1na]
,tumors, but also in benlgn gastro1ntest1na1 tumors, and in extra— -
gastro1ntest1na1 neop]asms ar1s1ng from ‘the breast, 1ung, k1dney,‘
:A7‘trans1t1ona1 ep1the11um, ovary, cerv1x, prostate test1s, thyro1d
' parathyro1d adrena] g]and 11ver, sal1vary gland and pancreas.t )
T CEA was also detected 1n 1nf1ammatory cond1t1ons of the bowel
such as u]cer@t1ve co11t1s and Crohn s.d1sease, 1n colon1c and gastricg

polyp aQQ in normal breast gastro1ntest1na1 ep1the11um, k1dney

: tubule llver, and prostate.'
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B embryon1c gastro1ntest1na1 t1ssues *t,@:>f~

7;11yer (Khoo et a1 ; 1973)

- I.  INTRODUCTION

H1stor1c Rev1ew

The Carc1noembryon1c Ant1gen (CEA) of the human d1gest1ve
. o

‘system was. descr1bed by Gold and Freedman (Go]d ‘and Freedman, 1964
‘"f1965) as a prote1n po]ysacchar1de comp]ex present exc]us1ve1y in 5 -
'-adenocarc1nomas der1ved from the d1gest1ve tract: ep1the11um and in the

’ d1gest1ve organs of foetuses aged two to: s1x months.,';‘--‘

CEA was so named because of its presence 1n neoplast1c and

e i

M o
N /

| | It was f1rst be11eved that CEA was present on1y‘1n cancers ofv

Q-¢ngastro1ntest1na1 (GI) or1g1n and feta1 d1gest1ve organs in the f1rst

. two tr1mesters of gestatlon, but 1t has s1nce been demonstrated that
“'CEA is present not only in sera of pat1ents w1th enter]c carc1nomas

.d“ but a]so 1n those of pat1ents w1th extragastro1ntest1na1 carc1nomas,‘_.
:'{"1972 Ru]e and K1rch 19?6 Concannon et a1., 1973) and in many norma]
' jpancreas, k1dney, uterus, ovary, suprarena1 gland and lung The h1gh—'

%est 1eve1 of CEA act1v1ty 1s, however, 1n carc1nomas or1g1nat1ng from

g,gut endoderm, i.e. carc1noma of the gastro1ntest1na1 tract 1ung, and

\

Heavy c1garette smok1ng (Mer111 et a] 981) inf1anmatoryf

""gastro1ntest1na1 d1sease, gastro1ntest1na] u]cers,’GI po]yps hepatxc
\"c1rrhos1s (Concannon et al., 1973) breast f1u1d d1scharge in benlgn

tfand ma1qgnant breast dISeases and 1n m11k of 1actat1ng women (Kahana: i

[

-

’ 3 psuch as 1ung, breast ur1nary b]adder, prostate and bone (Denk et a].,.,

/

e and neopast1c adu]t t1ssue extracts such as norma] poo]ed sera,711ver,.”



o

thave been assoc1ated with e1evated CEA Ievels.

et al., 1981), amniotic fluids at different étageS'of pregnancy'

(Gadler et a]., 1978), and cerebrosp1na1 f1u1d (Dearna]y et al., 1980)

vt

Plasmal CEA 1eve1s are h1gher in males than fema]es and are

"h1gher 1n o]der than younger 1nd1v1dua1s (Beavdonnel et a]., 1981)

.’Bt Phys1ochem1ca1 Propert1es of LEA

CEA. 1s an ac1d1c g]ycoprote1n mo]ecule, solub]e 1n water, o
perchlor1c acid (PCA) and 50% saturated ammon1um su]fate, but 1nso]—

-‘ub]e in ethanol.- It has a mo]ecular we1ght of 180 000 to 200 000

‘daltons w1th e]ectrophoretlc moblllty of a serum B globu11n under

3 . i

td m1]d1y aL§a11ne cond1t1ons (pH 8 6), and a. sed1mentat1on coeff1c1ent

: t-of 6. 9 to 8 S (Fr1tsche and Mach 1976 Fuks et a]., 1974 Pustaszer1

o et al., 1972 Go]d et al.,_1978 Egan et a]., 19777' It is most '

dﬁf{"stab]e at 20°C and 4°C, and at 37°C has a degradat1on rate of

- f:fl 4%/day.v CEA is sens1t1ve to enzymat1c d1gest1on w1th tryps1n
ef}(approx1mate1y 55% 1oss) and extract1on w1th perch1or1c ac1d PCA (more

°than 70% IOSS) The maJor am1no ac1d res1dues of CEA 1nc1ude aspartxc

' ,'fASpartlc ac1d (1nc1udfng asparag1ne) 1s the most abundant am1no ac1d

‘;‘§ and ]ys1ne the s1ng]e NH2 term1na1 am1no ac1d ' Other am1no ac1ds

f

affound 1n var1a$1e concentrat1ons are prollne, g]yc1ne, a]an1ne, R

B a

1'va11ne, 1soleuc1ne,qLeuc1ne tyros1ne, pheny]alan1ne, 1ys1ne, v]"'-"‘
~h1st1d1ne and arg1n1ne (Newman et a] g974 The NH2 term1na]

bsequence of the f1rst 25 amlno ac1ds of CEA from co]on lavages of

~

'fac1d or asparag1ne,ngluten1c ac1d or g]utam1ne, threonlne and ser1ne. .



hnormal people is Lys Leu Thr Ile Glu Ser Thr Pro-Phe- (Asn) -Val Glu- .

»Gly Lys- Glu Va]-(Leu Ile) (Leu, Ile) -(leu- -le- val-(H1s Arg?) 7 Leu I]e)
“,‘(Sh\veley et al.," 1977) These am1no acids constltute approx1mate1y
30 to 46% of the CEA mo]ecule. The,rema1n1ng 45 to 57% is. carbohy-'
:‘drate wh1ch is 30 to 36% N acety\g]ucosam1ne, 21 to 27% ga]actose, 13“

to -20% mannose and 13 to 20% fucose and traces of N acety] ga]actose-'

S
"

,ﬁgamlne (hgan et al., 1976 Pusztaszer1 et a]., 1972 Oarbohydrate

t”: m01et1es are d1str1buted throughout the mo]ecule (Egan et al., 1976) .
" The CEA molecu]e appears tOChave a. s1ngle—cha1n structure w1thf@
"_mu1t1p1e 1ntra cha1n d1su1f1de bonds, and the conformat1;na1 arrange—
"ment prov1ded by the d1su1f1de brldges 1s of some 1mportance 1n deter- l
'm1n1ng thel1mmunoreact1v1ty of CEA Ant1gen1c act1v1tx 1ncreases w1th>'
'_i1ncreas1ng mannose content (Deep1ka et al., 1981 S]ayter and Lol1gan,x
L1976,/Hammarstrom et al., 1975) The CEA molecu]e, at neutra] pH |
E appears u1trastructura11y as a tw1sted rod shaped part1c1e, about 9x40
fodnm; Conformat1on of the'motecules is dependent on pH At pH4, near
Tthe average 1soelectr1c po1nt the‘molecule tends.to be more globgtar. §
[tAt pH9, 1t becomes more elongated due to negatlve charges dlstr1butedf
%throughout the mo]ecu]e wh1ch repel each other (Slayter and Col1gan,'fh
.} 1972 Go]d et al., 1978) Thus CEA has a po]ypeptlde backbone w1th a
;:thheoretlcal length of 220 nm, wh1ch is: folded 1n some way 1nto a |
tpart1c1e 40 nm 1ong w1th the carbohydrate attached as. mu1t1p1e s1de
%-cha1ns, probably through asparag1ne 11nkages to g]ucosam1ne re51dues
 hjv_?(S1ayter and Col1gan, 1972 Egan et al., 1977) e |

A number of phy510chem1ca1 procedures have shown that even

‘";h1gh1y pur1f1ed LEA preparat1ons man1test a degree of both

Uiy
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vi 1ntermo]ecu1ar and 1ntramolecu1ar heterogene1ty (Fuks et a] 1975,
’iHammarstrom et al., 1975, Elliot, 1978) R
CEA der1ved from normal and from neop]ast1c colonic t1ssue hasl
-,vs1m11ar molecular we1ght carbohydrate compos1t1on and prote1n compo-
‘-s1t1on Both have Iys1ne as the s1nq1e am1no terminus, both g1ve a. -

'.s1ngle peak in the ces1um ch10r1de dens1ty grad1ent w1th a dens1ty of

1}11 42 both are PAS pos1t1ve and both gite a I1ne of 1dent1ty w1th ant1‘

',CEA 1n double d1ffusuon (Sh1ve1y et a1 77 Fu1tsche and Mach, o

.1976 ‘Egan et a1., 19770

}Hs\\;\fhv

€. Cross React1ng Ant1gens R

. M . |
o f* CEA has ant1gen1c determ1nants that are- shared w1th a fam11y :

e

' \\
' of cIosely reIated substances. Among the varfetx\of glycoprote1ns

bearlng some ant1gen1c re]atlonsh1p to CEA nonspec1_‘ cross*react1ng

'I‘ant1gen (NCA), co]on1c carc1noma ant1gen III (CCA III) and ;'specjl
af1c cross reactlng ant1gen II (NCAII) are the most exten51ve1y chAFac-s‘
':5ter1zed and are probably 1dent1ca1 to other substances var1ous]y 1den-v.
v:{ t1f1ed as CEA assoc1ated prote1n (CEX), norma] egcoproteJh (NGP), and
__h”v;tumor—assoc1ated antwgen (TEX) (Egan et al., 1977 Burtin et al -y
’.fﬁhf1977) N L v

’ jv 1 Nonspec1f1c Cross React1ng Ant1gen (NCA)

NCA a glycoproteln\present in- normaI human t1ssue and human'
‘d“plasma, is ne1ther organ nor. tumor spec1f1c and thus 1s termed none

‘;jspec1f1c cross react1ng ant1qen NCA can’ be detected in. almost a]]

\

-~ organ extract the h1ghest concentratwon 1n feta] co]on 1ncreas1ng

_g_w1th gestat1ona] aae of the fetus (Pustaszer et a] 1972 K1e1st et

i

Cal, 1972).



H1gh levels of NCA are found zn normal and neoplastlc l1ver,

spleen, placental t1ssue, bone marr0w granulocytes, lactat1ng women,

amniotic flulds of normal and abnormal pregnanc1es and serum as well

as the normal qut. - In contrast to CEA wh1ch 1s normally found in

very low levels, in adults, and 1s a const1tuent of the cell membrane,»"

the glycocalyx spec1f1cally (Gadler et al., 1980 Gadler et al., 1978 .

Kahana et al., 1981) NCA can. cross. react with: CEA 1n rad1o1mmuno-

.assay (RIA) (Pustaszer1 et al., 1972 Kle1st et al., 1972) . 'lfr”j ‘

Two character1st1cs d1fferent1ate NCA from CEA.- NCA has-a :7

. amm

. lower molecular we1ght about 60 000 daltons, and a sed1mentat1on

constant between 3 4 S wh1le LEA is 6 8 to 8 0 S : NCA and.CEA have
shared ant1gen1c determ1nants Wthh are e1ther located on the prote1n
or the polysacchar1de mo1ety of - the molecule.‘

Both NCA and LEA are res1stant to lower pH both are soluble

"'l.1n PCA, and per1od1c ac1d Shlft (PAS) p051t1ve, both have 1dent1cal N

i”electrophoretlc mob1l1ty, and both m1grate toward the cathode. ;lhe~

: prote1n content 1n CEA per dry we1ght is 30 46% whlle NCA is 66%

Carbohydrate compos1t1on is 1dent1cal but concentrat1on 15 varlable o

“l(Pustaszer1 et al., 1972 Kle1st et al., 1972) 'o'\'v -'u.r»:=‘j.§

"912. Colon Carc1noma Antlgen III (CCA IIIL ;"l~'-‘

“ CCA III s aB glycoprote1n closely related ‘to NCA tItss~."

B molecular we1ght 1s 60 000’ daltons, and 1t has a s1m1lar am1no ac1d _

v'compos1tlon to ChA though a d1fferent carbohydrate content (D galac—'f’

",Tftose ‘and’ s1al1c ac1d are absent) CCA lII expressed at least one '

"‘,-:antlgen1c determlnant not present on CEA by rad1o1mmunoassay (RgA)

LT

“"g(Pr1nn et al., 1977) Normal c1rculat1ng levels of LCA 11 are 1 to o

°



1000 times h1gher than the comparable value of CEA. CCA IT1 was,
‘found in calon carcinomas and initially thought to be a precursor of a
subun1t of CEA, but the presence of the am1no>ac1d meth10n1ne in CEA
_hs not c0mpat1b1e w1th this hypothes1s (Pr1mu%set al., I977,_Neuman et
aI.,‘1974) | H |

Interactlon between CEA and CCA III w111 not occur at h1gh
' 16h1¢'strength and it 1s maximal at low ionic strength (Primus et al.,

1977, jewnan et al., 1974). . L

3. Nenspec1f1c Cross React1ng Ant1gen Il (NCA 141

NCA II is a glyc0prote1n found in. normal d1gest1ve mucosa. It~

; appears to be a mucus assoc1ated component ‘excreted in the lumen of,

" the stomach and 1ntest1ne. It is a]so found in fetal dIQGStIVE mucosa

[y

cand in d1gest1ve carc1noma. Mecon1um and: feces of normal ubjects ;
: Acconta1n eleyated quant1t1es of NCA II (Burtoh\et a]., 1977 | |
I' Immunoquorescent sta1n1ng of normal colon1c mucosw for‘the
.;jspec1f1c NCA II anti serum. locallzed NCA IT at the g]anduIar Ium1na1
surface and within the gob]et cEIIs, suggest1ng that NGA IT 1s a
mucxn assoc1ated ant1gen (Pr1mus et al.,s1981 Leung et aI., 1977)

‘ NCA II can be extracted from normal. coIon by PCA d1gest1on
“(Burt1n et aI., 1977) NLA 11 has a mo]ecular we1ght of about 125 000

o da]tons (Pr1mus et a]., 1981) B S 'F\'*

'.g:U. etabo]1sm of CEA

| The prec15e metabo11sm of the CEA moIecuIe remains to be'-

A determ1ned Studles of CEA concentrat1ons in the sera of pat1ents who



~ pinocytosis

:ft1on of CEA. \

where it is"

that CEA is catab011zed relat1vely nap1dly, since serum concentrat1ons
postoperatIvely frequent]y fall to undetectab]e levels anywhere from 2
to 14 days afte@-surgery (M1nton et al., 1978, Go1d et al., 1978)

- The site of CEA catabq]1sm {h mad’?ema1ns unknown. Investiga-
tions in animals'suggesttthat the liver is the’major site for/this

prOCess'(Thomas, 1580). LEA appears in blle 47 m1n? es ‘after 1nJec—
1

: t1on 1ntravenously (Thomas, 1980) About 50% of pét1ents with severe

LS

benlgn hepatlc d1sease, such as act1Ve alcoho]xc c1rrhos1s, chronic o

act1ve and v1ral hepat1t1s, cryptogen1c and biliary cirrhosis have

elevated CEA 1evels.h Pat1ents with benlgn extrahepat1c b111ary

'obstruct1on may have 1ncreased p]a%ma CEA. Ben1gn and ma]1gnant 11ver
tumors .increase CEA p]asma levels (Loewensta1n and Zamcheck 1978)

ivThus the 11ver appears to be essent1a] in the metabollsm and/or excre-‘

There are at 1east three poss1b1e meehan1sms by‘wh1ch prote1n,'
CEA may enter the bl]e. These are:
1) by the detergent act1on of bile sa]ts on. the membrane of- the
canal1cu1ar face of . the 11ver cel] |

?7(2) by a, spec1f1c receptorzmed1ated transport across. thre hepato-

fcyte w1th d1scharge 1nto the blle of, the hepatocyte canal1cu\ar sur- ,-‘

11ary cap1l]ar1es and enters the per1ductular spaces

ransported across the ep1the11a1 cell membrane either by
. = 9‘
r d1ffu§1on and through the 1nterce\1ular spaces (wh1ch
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‘are not endowed with tight junctions) between the basal cytoplasmic
projections (Thomas, 1980).

Recent studies have. shoun thdt desialy]ated glycoproteins may
be extracted from the blood c1rculat1on by the liver in an1mals. The
‘exposure of two galactose moieties is requ1red for nepatlc uptake of
glycoproteln molecules. Th1s is accomp\1shed by removing termial
,51al1c ac1d molecules, permltt1ng .binding by the hepatlc p]asma mem—
~ brane b1nd1ng site (Ashwe]l and Morel] 1974, Zamcheck et al., 1981).
Natlve CEA (non de51a1y1ated) was found to be, p1cked up first by
’_Kupffer cells, deSIalated and then transferred to the hepatocytes
| - (Thomas et a}., 1977, Zamcheck et'al., 1981, Thomas and Summer,

1977).

E. Current Status‘of CEA" c_ N . : :  _¢j

It 1s now recogn]zed that CEA can be detected in ‘many human
tumors and some .normal -human tTSSues.' S1nce CEA is present in sera of
some normal people as wel] as some cancer patlents, a va]ue of lass
v.k than or equal to: 2 5 ng/m] has been accepted as ‘normal for the w1de1y

‘used radlolmmunoassay method (Evans et a]., ;279 Concannon et al.,
1973 Zamcheck and Martln, 1981 Cauch1 et al., 1981 Parente et al., :
1981 Goslln et a]., 1981, waa]kes et al., 1980 D1erkshe1de, 1981)

Leve\s above this are. found in assoc1at1on w1th

carc]nomas,
patticularly ‘those of gastro1ntest1na1»tract (Mach et ajs;'1978;:wajer
'ef'ai ; 1978 Sugarbaker et al 1978) panCreas ( amcheck'et al.,
1981), lung (Ford et al., 1981, Ahlemann et a]., 1980, Krauss et al.,

1981, Waa]kes et al., 1980, Gosl1n et al. ; 1981), ovary,and uterus _

ps
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'tumor has . reoccurred. Nonspec1f1c causes: that can ra1se CEA

9

\

»

‘(Cauchi et al., 1981, Parente et al., 1981, Koch et al., 1980), breast

(Frenchimont et al., 1977, Chu and Namoto, 1973, Staab et al., 1979,

Moshakis et al., 1981), kidney, transitional epithelium, liver, saliv-

‘ary g]ands, and other benign tumors, in cigarette smokers and in 15%

to 20% of subJects with 1nflammatory cond1t1ons such as ulcerat1ve
co]1t1s, Crohn s disease, pancreat1t1s, Yiver and pu]monary 1nfect1ons
(Nev1lle, 1981 Zamcheck et al., 1981, Melia et al., 1981 Mav11gjt et
al., 1978, Marton et al., 1978). -

Any d1sease 1nvolv1ng the liver or the use of hepatotox1c ‘

‘_ drugs may be assoc1ated with elevated CEA levels{“Thus the poss1b111-

-

ties of pr1mary or secondary liver diseases or the use of hepatotoxic “k ‘

drugs must be eliminated before assum1ng that an e]evated CEA. 1eve1 is

. due to a ma11gnant or Inflammatory gastro1ntest1na1 d1sease (Savrin et,i

al., 1980). ; - - '

“‘ |

At present CEA plasma ]eve]s are used as a 1ongvterm follow -up
of . colorecta] carc1noma and other tumors 1n other sites (Mach et.-al.,
1978 M1rton et al., 1978 Koch et a]., 1981 Parente et al., 1981

)‘—"u

Ahlemann et a]., 1980 Chu and Namato, 1973) An increase in CEA

-plasma levels after resect1on of the tumor may 1nd1cate metastat1c

:'dlsease, that the tumor has not been comp]etely resected or (hat -the

evels

'must be excluded.
: Currently CEA can be detected in the tlssue at the microscopic’
m -, . &

_1eve1 by us1ng formalln fixed, paraffln embedded tissue and ‘using’

perox1dase ant1perox1dase techn1que
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Il. MATERIALS AND METHODS

A. Materials

Sections from -two hundred and ninetnyour tissue_blocks were
sta1ned by perox1dase ant1perox1dase techn1que (PAP) for CEA. The
tissues examined 1nc1uded both normal and neoplastic tissue from
various organs (Table I VI, Chapter 3).

The tissue obta1ned by surg1cal b1opsy was f1xed in 10% buf-

- fered forma11n and processed, us1ng standard techn1ques, through

alcohol and xylene to paraffln blocks. Th1n sections (4-5 microns)

cut from the blocks were p1cked up on pla1n g]ass slldes, 1ncubated

overnight at fifty- f1ve degrees and sta1ned

Antisera used for PAP sta1n1ng and other reagents were
obta]ned from commerc1al sources, i.e. (1) rabb1t ant1 -human CEA from

Cedar]ane (Hornby, 0ntar1o), (2) goat anti- rabb1t IgG heavy and light

"chains from Coppal Laboratories.(Lochranv1lle, Pa.), (3)'rabb1t.PAP

from Cedarlane,-(4) 3,4,‘3,'4, tetroaminobiphenylfhydrochloride ,

(diaminobenzidine DAB) from Sigma (St. Louis,'Mo ), (5) normal goat
serum from Polysc1 (Markham, 0ntar1o),.( ) Hemotoxy11ne from S1gma,
(7) Hydroxymethy] am1nomethane (tris buffer from Sigma), (é) HC]-from'r

‘ngma, (9) Sodium Chloride (NaC\ from S1gma)

The buffer used for wash1ng sl1des and d11ut1ng antisera was '
O,Z M Tr1s Saline Buffer, wh1ch conta1ned 0.2 M Tr1s (Hydroxymethyl

Am1nomethane),k0 1 normal HCY: and 0 85% NaCl A second buffer, 0.05 M

Tr1s, was used for DAB reconst1tut1on in the flnal stage of the PAP

. sta1n1ng techn1que.‘ LT |

BT
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Harris Hemotoxylin which stained nuclei blue was used as a
coqnter stain.
o~ A moist chamber was used to-incubate the slides with the anti-
sera dwring reaction time. | _
_IDiatex was used for coverslipping. The coversliﬁped, PAP
stained hematoxylin counter-stained slides were examined by conven-
tiqnél Yight microscopy.-

A ‘._., .
B." Immunoperoxidase Technlques o o

" Tissue patho]og1c d1agnos1s hlnges on the m1croscop1c.morpho]~
ogy of thin tissue sect1ons stained w1th hematoxylln and eosin.
Special . stalnlng procedures can be of great value in tissue d1agnesis

" by prov1d1ng morpho]og1c 1nformat1on regard1ng the functional status
- and perhaps h}st1ogenes1s of the examlneq t1ssue. fELectron micro- .
scopy; Immunofluorescence and Histochémistfy haye‘ejso'been ofvgreat
_ help;in.tissue:diaghosis.»vThese 1§§er'techniques; however, requife
i speciali?ed'and expenéiveagnstruments ahd highly.trained techeicdle
Cstaff. | o e .
TheAimmunofluorescencettecﬁeique has been ueed widely in many
:differentvareas,of’Scjence"(Sternberg, 1979). :If has, h0wever, hany v
‘disadvantages which are: | /
‘(i). specialized microscopy”is required (i.e. f1uorescent.hicroi
_4scope). | |
B (Z)I_Qtaihedfs]ides ‘cannot be convenient]y stored'and!they are not

v ,
e -y - . . . [

read11y ava11able for repeated exam1nat1on \

S |

-

A ' (3) Cryostat sections, w1th a]] the . d1sadvantages of frozen sec- o

A\ .;t1on preparat1ons, must be used



(4) The precedurc is limited to tresh tissue, thus limiting its
usefuldess in diagnostic pathology .
(5) Nonspecific tissue autofluorescence may interfere wilth the
intcrprétatibn of stained sections (Sternberger, 1979, Bocker, 1974,
a
Taylgr et al., 1981, Taylor, 19/8).
hmﬂunoperoxidase tecﬁniques, which ake more sensitive and more
specific than immunofluorescence, can bé\used on fresh and formalin-
fixed tissues, do not require fluorescence microscopy and stained
slides can be”stored\for repeated'eXamination. Immunoperoxidase tech-
niquesvcan be adapted for many particular antigens.
' lmmunoperoxidase tecﬁniqhes can be,divided into. two main
methods :
| (1) Enzymg coﬁjugated method
(2) Non-conjugated method
1. Eﬁiyme Conjugated Method

\o A ‘ _ .

An enzyme, peroxidase, is conjugated directly to an antibody

by dsing 4, 4-Dif1ure—3,3 dinitrodiphenyl sulﬁoneﬂ(FNPS) or glutaral- ’
dehyde (Sternberger, 1979). These agents bind the immunoglobulin (Ig,
dh-eﬁtibd?ies3‘through N-terminal amino group or E amino group of
lysine With,thebemino group of the peroxidése;- Immunog1obulin usual\j
has-a number of_immuno grqups, for tqﬁs reason FNPS reacts‘66 times
faster with‘immunogjobulins, pértieular]}.ﬂgG, than with peroxidase.f
Thus it will form polymers of 1mmunoglobul(ns which could be congu--
gated to one or more of perox1da%e enzymes (Sternberger, 1979)
Gluteraldehyde is more reactive than FNPS because 1t is water

soluble.. Therefore there w1ll be less unreacted Ig with peroxidase
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enzymes, hut aggregation of tunoglobul tns s extensive,  Tomufo-
globul tns will form @ polymer of a dimer or 4 tetmer which s bound to
one peroxidase enzyme or more.  But ot general the polymers with
qlutaral dehyde is Tess than in ENPS, ‘

Both reagents form polymers ol fmmunogiobul tns which are con-
jugated to one or more or no peroxidase molecules, The immunoglobul in
polymer and immunoglobulin polymer which is conjugated to peroxidase
“molecules cannot be separated from one another hy gel filtration which
can lead to false négatives (Sternberger, 1979). |

Horseradish peroxidase (HRP) is heme enzyme isolated trom
horseradish roots. Carboxylate anions, amino groups, and im{dazole
groups have been postulated as possible heme-linked ligands in (HRP)
(Tsoo et al., 1973).

HRP enzyme has been used widely because:

(1) the enzyme is easily detectable by a cytochemical method which
can be applied to light micro;cope or electron microscope

(2) the enzyme is available in reasonably pure fbrm

(3) conjugation with Ig will not afféct its activity

(4) the enzyme is stable in neutral solutioné.

A major disadvantage with the use of HRP‘is the presence of

éndogenous tissue peroxidase which can give high background or false
pésitive‘staining when DAB is added. This endogenous tissue peroxi-

dase can be blocked by pretreatment of the tissue with hydrogen

peroxidase in methanol (Sterhbergqr, 1979, Taylor, 1978).
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' | The eniyme conjugated method can bé-dtrett 'WherE”HhP,conju- '
'gated antlbody "binds d1rect1y to spec1f1c ant1gensv(Ag) (Figure'l), or
a'n1nd1rect where/the pr1mary unlabe]led ant1body b1nds to spec1f1c ant1-
-;gens and a secondary ant1body enzyme conJugatedvto HRP blnds to the jf~‘

. ‘pr1mary ant1body (F1gure 2) A color react1on 15 carr1ed out ]ater.

2. Non ConJugated Method

. t_There are’ three d1fferent methods
o f(lig' enzyme hybr1d ant1body,method~ Vihefl_
‘bbgt?)n.enzyme br1dge method g j | } : L
';(35; perox1dase ant1perox1dase method (PAP)

hxffEnzyme Hybr]d Ant1body Method | In the hybr1d ant1body method

1

LR

?‘;ant1bod1es ra1sed agalnst the ant1gen (CEA) are c]eavedeenzymat1cally ,ﬁf

}

"‘fand reconst1tuted w1th s1m11ar\y sp11t ant1serum der1ved from same
'ispec1es, but directed aga1nst horserad1sh perox1dase (F1gure 3)

- These two sp11t ant1bod1es are reconstltuted and pur1f1ed byu
T,iso]1d-phase absorptlon to se]ect for d1va1ent mo]ecules., The new

e7uant1body w11] have one valency dlrected aga1nst the ant1gen (CEA) and

:'atfthe other agawnst peroxldase enzyme., In the f1na1 stage 1t requ1res f“

the add1t1on of free HRP then DAB. One dlsadvantage of thlS method 1s
that the hybr1d ant1body preparat1ons usua]]y conta1ns_(1n general)
nonhybrldlzed ant1body, wh1ch reduces the sens1t1v1ty of the method

<S~IZ .

Enzyme Br1dge Method.v Th1s method 1nvo1ves a three-]ayer . ﬂ

f antlbody techn1que w1th the flna] stage 1nvo]v1ng the add1t1on of free .
HRP as shown ln F1gure 4 ‘
F1rst stage 1nvolves the addltlon of rabblt ant1 human CEA

N “ " 1 :
second stage lnvolves the additwon of excess goat ant1—rabb1t IgG
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th1rd stage 1nvolves the add1tlon of rabb1t ant1 horserad1sh perox1-

dase and then the add1t1on of free horserad1sh perox1dase as a f1nal

‘ stage._ Then the DAB add1t1on for the co]or react1on

.(f Perox1dase-Ant1perox1dase Method (Péélr‘ This very sens1t1ve -

o and spec1f1c method is approx1mate1y 100 1000 t1mes more sen51t1ve

&
than 1mmunof1uorescence and a]so more sens1t1ve than conJugated

perox1dase method. _(Th1s Wikl be d1scussed in more deta11 1n Sect1on

F ) (Sternberger, 1979 Tay]or et a\., 1978 Burns, 1975 Bocker, ;d

' ; 11974 Petra11 et al., 1973) TR o "'“,”;sz h 7;‘-f
*’k} . . . SN

.o

By

The PAP method can be appl]ed to forma11n flxed and paraff1n

o embedded t1ssue blocks._ PAP procedure

(1) Cut th1n sectlons between 4 6 M and 1ncubate overn1ght at

55°C. f”“

'i-*(&) Br1ng sect1ons down to water through

*'(a) xylene two changes, f1ve mlnutes 1n each
””f(b) graded ethyl alcohol

“_ c) water yﬂj ‘lTﬂr' ‘j__ e

: f?f( ) B]ock endogenous perox1dase by 1ncubat1ng in fresh]y made 1%

5 -

71 Hydrogen Perox1de in methanol for. ‘ten m1nutes ‘d“ﬁgylt;g;fﬁf'*

< le

at 4°C w1th the pr1mary antlbody (1/1500 rabblt ant1 human LEA)

Q] o
(4) wash 1n Tr1s buffer 0. 20 M at pH 7 6 for ten mlnutes v“IwQ,*

o changes.'m' ff;ff

(5) Incubate w1th norma] goat serum, 1/20 dilutlon 1n TF]S buffer,‘

o R E L T - Yy N . . K .
: ’ e R ST

for ten m1nutes.?; g f3<

'-(6) Draln normal goat serum,'lncubate overn1ght 1n a mo1st chamber

Q. -

’,9
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t (7) Wash in Trls buffer for 15 m1nutes, three changes on a shaker.” »

(8) Add secondary ant1body or 11nk ant1body (goat anti- rabb1t IgG

@

.:,at 1/40 d11ut10n) for th]rty m1nutes at room temperature (R T. ).

m(9) N@sh 1n Tr1s buffer for f1fteen m1nutes, three changes on a

' shaker.v‘ S ,:,. ﬁ" L “'i, "3",‘ T

(10) Add rabb1t PAP at 1/3U d11ut1on for th1rty m1nutes at room

Atemperature. A ‘~7a "‘f‘ ," h “,°_Y

o B

(11) Wash 1n Tr1s buffer for 15 m1nutes, three changes on a shakerm, n
(12) Add d1am1noben21dene (DAB) to develop color,pso]ut1on wh1ch »
| u_“iconta1ns 70% DAB and 0 006% Hydrogeh Perox1de, freshly made, for s1x '}”A'.
‘1:m1nutes. | ' |
(13) wash s]1des in runn1ng tap water for at 1east twenty mtnutes.
(14) Counter sta1n 1n hematoxyl1n for one mlnute.;?:" .
(15) Dehydrate and mount the s]ldes (F1gure 5) : N
| ’ D1am1nobenz1dene (DAB) is a- carc1nogen (Sternberger, 1979) F.

o S |
-‘should be used w1th caut1on. G]oves shou]d be worn and s11des should

be sta1ned 1n a fume hood. Wash1ng the sl1des w1th runn1ng tap water
u~for 20 m1nutes s suff1c1ent to c]ear the slldes of DAB ;

| ;ﬁgl Lontro]s Used

E .(1) Known pos1t1ve control (e g.dadenocarc1noma of co]on)twas aﬁ,i‘
'useg, S | . _ S o a
'-u;‘(z)i Known negatlve contro]b(e g.tnormal thyro1d t1ssue).
| ‘l}‘v(3) Subst1tut1on of pr1mary Ab w1th norma] rabb1t serum at 1/1500
’7%’d1]ut1onifor each test (to be certa1n that nonspec1f1c sta1n1ng has :.f

e

' Tbeen.efiminated)ﬁ S
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e peated exam1nat10n

B )

not 11nk1ng dlrectly to tlssue) , :
(b) No_PAP (to be certaln that endogenous perox1dase is abol-
"fished), PR | |

o
,.” .
C.

,1

S i

Advantages

(a) 11ght mlcroscopy is. used

(b) stalned sl1des are’ permanent and are ava11ab1e for re-

(c) good t1ssue morpho]ogy :
(e) can be. app]led to ultrastcuctura] studles
"1ty.

2. D1sadvantages:< ST

(a) presence of endogenous perox1dase 1n certa1n t1ssue (can

No 11nk antlbody (to be certaincthat PAP is:spec1f1c and is

(d) un]1m1ted techn1que can be app11ed to any spec1f1c ant1-

BV

Advantages and D1sadvantages of Perox1dase—Ant1perox1dase (PAP)

(f) it can 1ocaT1ze a- s1ngle ant1gen s1te, very hlgh sens1t1v-

be blocked by hydrogen perox1de in methanol or. 0 1 M- per1od1c ac1d)

(Heyderman et al., 1977 Pearse, 1980) )i o L
’ (b) the use of carc1nogen such as DAB .

Substpa;e Chromogens»n' o

§

Ao

The chromogen employed must be spec1f1c for perox1dase, pro-

duc1ng:a stab]e colored product w1th a we]] def1ned vws1b1e absorp—
‘.1; tlon.'

The spectrum must be clearly seen by ]1ght m1croscopy tlt :

should be compat1ble w1th counter sta1n1ng procedures and should not

@h
O\mr



i be bleached out éy\dehxgratlon and mount1ng methods. It shou]d not
-_1nh1b1t nor denature the. perox1date enzyme. It-should be nontox1c and
‘noncarc1nogen1c, w1de1y ava11ab]e, and 1nexpens1ve D1am1noben21d1ne‘
y(DAB) meets a]l these requ1rements except that 1t is carc1nogen;c.

| Dur1ng the co]or reactwon the’ perox1dase enzyme w111 break
hydrogen perox1de and’ form molecu]ar oxygen. Molecu]ar oxygen 0X1-
*d1zes the DAB an e]ectron donor and forms a brown 1nsolub1e c0mp1ex.
E naphol pyron1n car a]so ‘be used g1v1ng a b]ue color but 1t b]eaches

’out by dehydrat1on with, a]coho] 1 ’,.vf‘“ R

E}v F1xat1ve o
An 1dea1 f1x1t1ve for 1mmuno1og1c stud1es 1nc1udes the fo]]ow—v"

- 1ng propert1es | | L
| (1) preservat1on of ant1gen 1ntegr1ty so that 1t does not d1ffuse‘fi
7'y1nto the surround1ng t1ssue i : ‘ ” t |
.~(2), non- 1nterference w1th Ab/Ag react1on‘**’d'
:‘(3) good tlssue preservat1on w1th good morpho]ogy
’(4), read11y ava11ab1e B v" e
| _Ten percent buffered forma11nJ2an be. and 1s w1de]y used. fh
"fOther f1xat1ves, such as Zenkers (contalns potasswum d1chro-b
':xmate mercur1c chlorlde, glac1a1 ac1d and d1st111ed water) can be used
':'abut g]utaraldehyde cannot because extens1ve cross 11nkage between- |

3 ant1gen s1tes removes them from the 1mmune react1on (Taylor et a].,

"‘rj71978).»:df.*f'



a o

F. Specificity and Sensitivity-of PAP Technique

1. Spec1f1c1ty DT | ‘éﬁﬁft;»

The ab1]1ty of a method to measure or detect one compound in a
"t1ssue thhout 1nterference by other components in the tissue 1s'
termed "spec1f1c1ty. ~ False pos1t1ve results can be obta1ned if the
'method is not spec1f1c because other compounds are detected.

There are two types of spec1f1c1ty in 1mmunoper0f;dase and
vf'nmnunofluorescence | .
| (a) method spec1f1c1ty
(b) ant1body spec1f1c1ty

; (a) Method Spec1f1c1ty

.'_(1) Labe]11ng of Ab w1th enzyme y1e1ds ant1body aggregat1on or
vpolymer1zat1on. Ant1body polymers w111 bind - to nonspec1frc ant1gens
'?by hydrophob1c bonds,'electrostat1c attract1on or salt 11nkages.

u¢nConJugat1on w1th Fluoresce1n Isoth1ocynate (FITC) resu]ts 1n a nega— G

’.rt1ve charge on the conJugated ant1bod1es and thus a]lows for the

'f .formatloniof more ant1body aggregates, hence more nonspec1f1c b1nd1ng -

in 1mmunofluorescence. Nonspec1f1c b1nd1ng of ant1body aggregates h“

'fé’w111 g1ve false p051t1ve resu]ts and h1gh background : Th1s is not

;ffencountered w1th PAP techn1que, hence there 1s no 1abe]11ng process,
*}therefore less background h1gher spec1f1c1ty and h1gher sen51t1v1ty .
(Taylor et a ].,.1978 Sternberger, 1979, Burns,_1975) et

H’ :(Q}TTFC eceptors are found on’ var1ous tlssues, not only 1mmuno— o
dibgfobUITns. Thus the 11nk antlbody may attach d1rect]y tx the t1ssue
bj1nstead of to the prlmary antlbody. Th1s type of nonspec1f1c1ty 1s
”ﬁsencountered 1n all the methods, but 1t can be avo1ded to a certa1n

P
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degree by pre1ncubat10n w1th normal goat serum wh1dh coats Fc tissue
ureceptors. Pre!ncubat1on w1th normal goat serum- w1ll decrease. back—.
ground and 1ncrease sens1t1v1ty of the method

| ] The PAP method is qulte sen51t1ve and h1gh dilution of the

"JantISera can be used The ‘'use of very d1]uted ant1sera will decrease

ay .
b

: nonspec1f1c background sta1n1ng. - S . ’j

| (3) Endogenous t1ssue perox1dase should be blocked by the'use of
hydrogen perox1de in methanol to e11m1nate nonspec1f1c color. Analo-
v'gous t1ssue autoflourescence is not eas1ly abol1shed in 1mmunof1uor-
,Qescence systems because autofluorescence em1tted is at the same wave-
1ength or c]ose to FITC em1ss1on. _ |

(4) The seeondary antlbody shou]d be pure when 1abe11ed w1th‘

,‘enzyme 1n both 1mmunofluorescence and labelled 1mmunoperox1dase tech-» -
‘.n1que.§ if nonspec1f1c ant1bod1es are present they w111 be ' labelled |
and w111 blnd to the tlssue d1rectly g1v1ng a "pos1t1ve" react1on w1th_
aIF or IP ThlS false pos1t1ve react1on is. not encountered w1th PAP
b's1nce th re are no-. labelled ant1bod1es, a]so 1f there is a nonspecnf1c=,

fhant1body_1t w1]1 not g1ve fa]se posxt1ve 51nce ‘the PAP will not b1nd !

the non pec1f1c ant1body because 1t 1s not d1rected agalnst the PAP

(Flgure 6). ./

(5) PAP ‘can blnd nonspec1f1ca1]y to t1ssue d1rectly,_espec1al]y to‘

collage\ or ret1cu11n f1bers. Th1s nonspec1f1c b1nd1ng can be av01ded

(=83

byypre1ncubat1on w1th normal goat serum

=

i o (b),Ant1body 5pec1t1c1ty f? o _‘.. - }a,’AH"

(1) The presence of nonspec1f1c, in add1tlon to spec1f1c deter— o

'-'mlnants in the pur1f1ed 1mmun1z1ng antlgen w111 result 1n product1on L

,/



' spec1f1c ant]gen1c propertles.
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. of antlbod1es whlch can react w1th the tlssue ‘that has the same non—"

-

(2) lmpurities 1n 1mmunlz1ng ant1gens. The mdre pure the antigen,

the more spec1f1c the ant1body produced and the more sens1t1ve the

¢
method. Impur1t1es w1ll result in product10n of nonspec1f1c ant1—

" bodies, and hence a false p051t1ve result.

(3) Cross reactlon of antibodies due to s1m1lar1t1es between anti -

gens, (e g. between CEA and NCA CCA [IT and NCA II) can result in a

>

false positive result. :' o '

2. Sens1t1v1ty ‘

»
\

- Sens1t1v1ty is the abll1ty of a method to measure or detect a

V‘L; small’ amount of a compound. False negat1ve results can benobtalned if

-

the method -is not sens1t1ve because minute amounts of a compound may
l

not be detected ~The'PAP'method 1s a very sen51t1ve procedure. It is

| about 100 to 1000 t1mes more sens1t1ve than 1mmunofluorescence and

about 20 t1mes more sens1t1ve than labelled 1mmunoperox1dase or rad1os

:f1mmunoassay (RIA) (Sternberger, 1979 Taylor et al., 1978, Boker;"'

1974, Momanty et al.,1973) o
PAP has hlgh sen51t1v1ty because of very low background staln-

1ng (see "spec1f1c1ty ) and because ant1body 1s not structurally ‘
\ .

altered by enzyme or FITC labell1ng..r

PAP complex has a molecular ratio of perox1dase to- ant1perox1-'

R dase of 3/2 Th1s proport1on of 3 perox1dase to 2 antlpS‘ox1dase_i_

fay

molecules 1s 1ndependent of the amount of perox1dase used in the

' preparatlon, the PAP complex has a falrly homogeneous compos1t10n and :

‘a very stable cycllc shape.» The shape can be determ1ned by negatlve o

T



.

three enzymes produc1ng co]ored

- t1ssue product in Sﬂtu, prov1des a - br1dge between the morpho]og1ca1 g

‘such as: o _ ‘ o v;

aureus antigen

22

staining ahd,examination with an-electron microscope .(Sternberger,
1979, Taylor et al., 1978). This cyc11c shape will result in:
(1) an 1ncrease in sens1t1v1ty compared to 1mmunof1uorescence and

label]ed 1mmunoperox1dase, because ‘n the PAP method ‘there will be

roducts for each s1ng]e ant1gen.

~ {2) easy detect1on of PAP ant1gen comp]ex by e]ectron m1cro-

-
scope ‘

(3) poss1b111ty of detection of a single reactive ant1gen1c site.

Partial tryps1n d1gest10n (thyps1n1zat1on) of the tissue sec-

tions will expose more antigenic sites and make the procedure even

more‘sensitive butsitfmay also increase background staining.

G, App11cat1on of PAP Techn1qye

. The PAP method because it a]]ows for the detect1on of a

o

and funct1ona] aspects of a’tlssue or tissue 1es1on. The-PAP method

has been appl1ed to detect many ant1gens in rout1ne surg1ca] patho]ogy

(1) 1dent1f1cat1on of the ce]l or1g1n of -an ant1gen 11ke endocrlne

?

neopTasms

o (2) hlstogenes1s of a 1es1on
s
(3) detect1on of m1cro organ1sms, e. g.,detectlon of staph]ococcus

s

() bdetectibn of antibodies‘

(5) d1str1butlon of cells, e.9. in the. gut

' (6) 1dss of normal ant1gen in.a neoplasm

1_
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b

r

(7) identificatfon of oncofetai antiéensfinfheoplasms
. (8) local1zat1on of immune complex in renal glomerulonephr1t1s
(Mukai, K., and Rosai, J., 1980, Taylor et al., 1978, Sternberger,
1979, Denk et al., 1974. Marucc1 et a]., 1975 Er]andsen et al., 1975,

Sternberger et al., 1970, S1nc]a1r et al., 1981 Maciver et al., 1979 :

Detellis et al., 1979)

\
AN



II1. OBSERVATIONS AND RESULTS .

Immunohistocbemica]_staining of‘normal and neoplastic tissue_f
for.CEA.wés-graded‘from negatﬁue to strongly positive depending on the
intensityfof the brown color produced and the number of cells stained.
A negat1ve stain is completely blue (hematoxyl1noph111c) with no brown
- staining (F1gure 7). A weakly p051t1ve staln shows scattered f1ne
~brown cytoplasmic granules (Figure‘8). A moderately positive stain
shous stronger brown color with a larger number of fine QytoplaSmit
‘granules (Figure 9). A strongly pOSitive stafn shows numerous fine

brown cytoplasmic granules in many cellsﬁfﬁigure 10).

A Gastro1ntest1na1 Tract and Assocxated Glands
| The resu]ts of PAP, CEA 1mmunoh1stochem1cal sta1n1ng of eight- -
n1ne t1ssue blocks from spec1mens of normal and neop]ast1c gastro-
1ntest1na] t1ssue is shown in Table 1. |

' l.. Esophagus

* ‘bb Norma]keSOphagus was'negative.‘_TWOrof theAthree:squamous
.;,cartinomas of the esophagustshowed weak»cytopiasmic,positfvfty’witth

tumor cel]s.

2. "Stomach and Sma]] Intestlne .
N v 1

F1ve out of flve gastr1c adenocarc1nomas were strongly posi-
tive (numerous f1ne cytop]asm1c brown granules) Two out .of three

norma] stomach and two out of four smal] 1ntest1ne were weakly posi-

' tivé; w1th,fine supranuc1ear and membrane stalnjng.
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Normal tissue adjacent Lo an adenocarcinoma showed weak Lo
moderate Cy(A)pliiﬁnli&’ staining. Parictal cells showed wedk cytoplasmic
staining. Pancth cdils, chict cells and Brunner's glands were nega-
tive.

A single tubulovillous adenoma ot the stomach showed moderate
cytoplasmic staining.

Connective tissue and muscle was negative even when adjacent
to a positively staining adenocarcinoma.

3. Colorectal

The mucosa of eight out of twelve normal farge bowel specimens
~ was weakly positive for CEA. Positivity was maximal in the top layer
cells (villi) and decreased toward the bottom cells (glands). Goblet
cells were negative (Figures 7, 11). Brush border and membrane stain-
ing were present together with some intraluminal staining.

All adenoc;rcinoma tested were strongly positive (Figure 10),
positivity did not depehd on the size of the tumor, or the presenceor
absence of metastases to adjacent lymph nodes. Nuclear staining was
negétive at all times.

The staining of normal’ bowel mucosa adjacent to an‘adénocar—
cinoma varigd from weakly to moderately positive (cytoplasmic aﬁd
g]ycoca\yx_stainigé);

Inflammatory conditions guch as ulcerative colitis and Crohn's
disease showéd modé}ate‘iuprahuclear cytoplasmic, brush‘borQer and
glycocalyx staining (Figure 9).

| ~ The ipténsity of CEA staining increased with the degree of

‘ inflammatqry,tfssue;damage.



g 1ntens1ty 1ncreased w1th kerat1n1zat1on. ﬁ.lﬁfi~,'

‘_4. aSahvary G]ands

1ntra]um1na1 and ap1ca1 pos1t1v1ty.0

If.l Ben1gn large bowe] polyps, neoplast1c po]yps (tubular,‘tubuloA

v1110us and v1110us) showed moderate cytop]asm1c and membrane sta1n1ng
(F1gure 11) --A non- neoplast1c Juven11e retent1on polyp showed on]y '
weak pos1t1v1ty 4 o

One anal squamous carc1noma was weak]y pos1t1ve Membrane

Connectlve t1ssue, muscle and nerve t1ssue were negatlve., B

s

Weak cytop]asmlc CEA sta1n1ng was present 1n 1nterca1ated
ducts in three out of flve normal sa11vary glands, large ducts, and,"

ac1n1 were essent1a]1y negat1ve w1th on]y few ac1n1 show1ng weak

One anap]ast1c carc1noma showed moderate cytop]asm1c and

.
1

weak cytop]asm1c and membrane bound CEA sta1n1ng (Flgure 12)

t‘

pr1mary sa11vary g]and poorly d1fferent1ated squamous carc1noma wasi‘u

"‘  weakly pos1t1ve.g.‘

‘ _»cytoplasm1c granu]es (F1gure 13) f;* ‘ . 'bf,-’}h o

5 Pancreas_f e R R e .wf*: 5

‘

o The exocr1ne port1on of the normal pancreas was negat1Ve for

CEA ]oca11zat1on, except for 1ntralobular ducts wh1ch showed weak

’_ cytop]a5m1cvpos1t1v1ty (F1gure 7) A few ac1nar cells showed very

¥

S weak cytop]asmlc pos1t1v1ty.‘. f“vvfﬁi: :ft,ifi ;".'”":f » "f‘”

sta1n1ng was . stronger than cytoplasm1c sta1n1ng 1ntens1ty. ‘Staining- bL'

g]ycoca]yx sta1n1ng of the tumor cells. Pleomorph1c adenoma showednv S

Normal t1ssue adJacent to the tumor was negatlve. A s1ng]eutt“

Island ce]ls endocr1ne were weakly pos1t1ve, w1th flne lntra—‘“”

Sy

2.
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v , . i
Metastatlc anaplastlc Small cell carc1noma of - the pancreas was
hnegatlve. Chron1c pancreat1t1s sta1ned 51m11arly to normal pancreas }
”: w1th ap1ca1 cytoplasm1c sta1n1ng and weak pos1t1ve 1ntra1obular ducts';.f
osta1n1ng. | V | | o
o6l M
';'dﬁ o Nornal hepatocytes showed Weakly pos1t1ve per1nuc1ear cyto— o
'}'plasm1c sta1n1ng Hepat1c c1rrhos1s showed h1gher cytop]asm1c pos1-.5u
t]Vl%y and ‘some weak sta1n1ng in the cana]1cu11 (Flgure 14) |
' Hepat1c cho]estas1s 1s assoc1ated w1th 1ncreased cytoplasm1c‘r5
'sta1n1ng. wel] d1fferent1ated hepatoma showed a s]1ght 1ncrease 1n' .

o

| wcytop]asm1c CEA A 11ver cell adenoma showed a marked 1ncrease 1n

| v;cytop1asm1c CEA compared to normal 11ver,-but the CEA pos1t1v1ty d1f— :h"'v

‘"fered from one ce]1 to another, and ranged frOm very weak to moderate

S

B sta1n1ng of CEA (F1gure 15) ,»di:7': e f_:- :";ng:fg-faxv"

well d1fferent1ated adenosquamous carc1noma pr1mary 1n the e

r P

o ga]lb]adder showed weak cytop]asmlc and membrane sta1n1ng for CEAu f'

"_Pos1t1v1ty 1ncreased w1th the degree of tumor ce]] kerat1n1zatlon. gif jr""

‘a

'VB;? Thyro1d Parathyro1d and Adrena] Glands

':Table 11 '

1. Thyr01d b]and '

E1ght normal thyro1d g]and sect1ons three Hash1motos AS{x

The result of 1mmunohlstochem1ca1 stalnlng for LEA 15 shown 1n";;- .

'.,Nodular GOIter and one Graves dlsease were exam1ned and all were nega-h;.b

R
A

"'1t1ve (Flgure 8)



el - S v,mEOpxuoEoL:uowﬁa_, : R T
6/ o 2 oo LoTpewdoNt L o lRUSSpY.
e 7Sl ce T .msocmu< wpogxzumgma,v_,, R T RS L et o
oo S e e mﬁmcpaLmaxz,_. L AR

T 7/ SRR P e chCFULmu m:oE@:wm uppmummpmz S e e
i , e S ewoupdJde) A4e| [ npay
el o o msocﬁugmu mesupﬁﬁom ncm >um~_Fama paXLty
/e T A L ‘eWOUSPY JRINIELL04 .
90 e u_« 433109 PLOL 0] JBLNPON L e
- 1/0 e onov aseasigosaAedy ot
- ¢lo . . Sl s ouoEF:mm:. L T S
m\o_nj; L SR L _msgoz S e o prodAyy

o)

s e .OZ\»p_>_p_mom : ‘.w.._ L >mo_o;pmao“m,: L ,_ m..‘,3.,a._m3mme 

m:mmﬁw _m:mLc< ucm wpoLxcmema Upogxch upummpaomz ucm PmELoz ut: i ,,».....
<mu mo m:_cﬁmum »mupsm;uoumpcocsEEH RO R R

el ] , . . o | L SR

Q_,_axaqH TavL




‘ Two out of four foll1cular adenomas showed weak cytoplasm1c
| sta1n1ng (F1gure 8) (?5 SR .

' One foll1cular carc1noma was moderately pos1t1ve, and one

ipap1llary carc1noma was weakly pos1t1ve. CEA 1n both 1nstances ‘was

Tlocallzed in the per1nuclear reglon. Mixed pap1llary and follwcular,'f

1carc1noma showed weak to moderate cytoplasm1c sta1n1ng (F1gure 16)

's_Z; Parathyro1d Gland ,vi::fi‘.' T‘ v-;?f

‘\u Normal and hyperplast1c parathyro1d glands were’ negatlve..sTwofj

lparatherId adenomas,(oxyphll ce]ls) were weakly pos1t1ve, but the |
’ethree clear cell adenomas were negat1ve (chlef cells) |

Gyt

‘3 3 Adrenal Gland f.v'a‘";{f S ’i~

There was no sta1n1ng of normal adrenal gland cortex or

%

medulla. Two pheochromocytoma showed moderate cytoplasmlc
'-,w1th negat1ve nuclear sta1n1ng (F1gure 17) AdJacent normal
tlssue was negat1ve or very weakly pos1t1ve (Flgure 17)

,.}

\ C. Urlnary System ‘
A‘__ The result of 1mmunoh1stochem1cal sta1n1ng for CEA‘lS shown 1n
H'TableFIII - | R o
: ,1 K1dney o
| ‘w“. Glomerul1 from normal k1dneys and from glomerulonephr1t1s d1d1' »

" not staln._ There was weak cytoplasm1c sta1n1ng 1n the prox1mal and

'.'f}dlstal convoluted tubules, and th1s react1on 1ncreased in one case “;, g

fwhere the tlssue was close to a tumor (renal cell carc1noma)
Three out of flve renal cell carc1nomas were weakly to moder—f

"h-ately pos1t1ve (Flgure 18) and stalnlng 1nten51ty had no relat1on to D
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tumor differentiation or presence or absence of metastases to adjacent

lymph nodes

s‘2. Ureter and Ur1nary Bladder

Ten out of f1fteen normal trans1t1onal ep1thel1um showed weak
positive membrane»sta1n1ng and negatlve to weak,pos1t1Ve cytoplasm1c
sta1n1ng | | " E ; |

One of two 1nva51ve muc1nous adenocarc1noma showed moderate
‘cytoplasm1c stalnlng and- negat1ve mucus sta1n1ng E1ght out 6f nine"
'trans1t1onal cel] carc1noma (I V) showed moderate cytoplasmlc sta1n1ng o
:and membrane sta1n1ng (Flgure 19) ' | |

bch; Lung

. /,,

The resu]ts of 1mmunoh1stochem1ca1 sta1n1ng for CEA is shown ;

.{Af1n Table v,

Normal lung parenchyma, hyallne membrane d1sease of 1nfancy,
"cyst1c adenomato1d malformat1on and necrot:t granuloma (presumab]y
7infectlons) were a]] negat1ve. | |
One carc1no1d tumor showed very weak cytoplasm1c pos1t1v1ty

One squamous carc1noma showed negat1ve sta1n1ng One meta- S

‘i&;_stat1c teratocarc1noma was negat1ve except a few ep1tne]1a] cells

(probab]y 1mmature bowel) showed weak f1ne cytop]asmIC sta1n1ng.v"'

A pr1mary pu]monary adenocarc1noma showed moderate to strong‘

mperlnuclear cytoplasmlc and glycoca]yx pos\t‘v1t ',also the muc1nous
adenocarc1noma showed strong cytoplasm1c posxt1v1ty w1th mucous pro—

'fkduced by‘thevtumor;pells did not stain.
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Three out of four.anaplastic small cell carcinoma were strong-
l L _ .
ly positive (Figure 20). Normal parenchyma adjacent to the tumor was

 negative.

E. Breast'[
) The result of the immunohistochemical stafning'is'shown in
Table V. j |
| Norma] breast t1ssue was completely negat1ve.
| Duct pap1lloma, duct carcinoma (F1gure 21) Paget S d1sease

and adenocarc1n0ma showed from weak to strong cytoplasmlc pos1t1v1ty

- and membrane stainlng. Duct pap1]loma sta1n1ng 1n general was. weak

v'pos1t1ve. The 1ntens1ty of sta1n1ng var1ed from weak in duct pap1]-
loma to strong in 1nf1ltrat1ng duct carc1noma and Pageth d1sease.

Two out of seven dysp]astxc breast t1ssues showed weak cyto- :

L plasm1c p051t1v1ty and weak membrane sta1n1ng of the duct cel]s.

Norma] t1ssue adJacent to tumor was negat1ve.

F. Fema]e Reproduct1ve System .

The resu]ts of 1mmunoh1stochem1cal sta1n1ng is shown in Tab]e
h;‘i. Ovary | | s
v | Dh Two ben1gn cyst1c teratomas showed very weak p051t1v1ty, in
k the glandular ep1the11um the sta1n1ng is f1ne, cytoplasmic_granules.l‘
'-Ma11gnant endodermal»slnus tumorrshowed:weak positive'cyto-_
'«plasm1c sta1n1ng ‘ ' | | o
| Act1ve corpus luteum\showed very strong cytopIaSmic CﬁA'stafn;

‘ing'with negative nuclei. = " 7" : R o
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A benign mucinous cystadenoma was negative wh11e a mucinous -
cystadenocarCInoma showed moderate Qytoplasm1c and membrane sta1n1ng
and po mucin sta1n1ng. A pap111ary serous cystaHenocarc1noma was

weakly positive w1th fine cytoplasmic sta1n1ng'1n ep1the11um.

2. Tubes - o , : \
No staining in all three cases. . o ) S
3. Uterus 1> -

The norma1 endometrium showed weakﬂcytoplasmic epithelial and -

/

membrane staining. - - - S T /

/

/
Two out of three ‘exocervical squamous ep1the11um/showed moder—

ate membrane and weak cytoplasmic sta;n1ng. The basal layer cells
.were negatlve. v' | | | ﬁ
Severe dysplast1c epithel ium (LIN III)'showedastrong mémbrane:
nd weak cytop]asm1c sta1n1ng w1th1n tumor cel]s."Basai‘da}er cells -
" were negatlve and the 1ntens1ty of sta1n1ng 1ncreased toward superf1— ,
cial cells. (F1gure>d2) o | - o ; S
N1th carc1noma in situ showed strong cytop]asm1c sta1n1ng and
moderate membrane sta1n1ng. The basal layer ce]\s were negat1ve to
. weak pos1t1ve, also staiping 1ncreased with maturity (F1gure 23)
EndOcérVica1\glands and a benign endocervical polyp were com- .
plete]y negat1ve (F1gure 23) i EREE . |

An adenomyomatous polyp showed weak cytoplasm1c pos1t1v1ty in

che glandulgr ep1thelrum.

- G. Male Reproduct1ve System

The resu]t of 1mmunoh1stochem1ca1 sta1n1ng is shown in Tab]e

VIILL
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1. Prospate
_ Six‘out of ten normal prostatee showed weak cytoplasmic and

membrane staining.l Prostat1c adenocarc1noma 1n the prostate (Gleason
.Grade'l-S) showed moderate cytoplasm1c and membrane staining, the
.pos1t1v1ty d1d not change drast1ca11y by the grade of adenocarc1noma;
Normal prostate adJacent to the tumor was negat!ve or weakly positiwve,
Three out.of flye hyperplast1c prostates showed weak cytoplasmic
soaining.~

2. Seminal Vesicle

One.norma] seminal vesieTe showed negatiye staining.
3; ,135212 , - . o

Teﬁticular tubu]es here negathe (seminiferouéltubules).
Interétitia] Leydig:celis showed strong cytoplasmig stainingf(Figure
24). ' | ’ | |
| | One metastat1c semlnoma showed moderate cytop]asm1c sta1n1ng
‘and ‘weak membrane sta1n1ng; One. teratocarc1noma of the testis. was
negative (Figure 25). |

| In al] types of t1ssue tested there was m1n1ma] oonnect1ve '

t1ssue sta1n1ng and negat1ve sta1n1ng 1n the nucleus, nerve and

lymphoid t1ssue.v



1
"

IV. DISCUSSION AND CONCLUSION

A. Gastrointestinal\Tract and Associated Glands

CEA was demonstrated in the epithelial cells of many yastro-
intestinal organs, including normal stomach, small intestine, large
‘bowel, liver and salivary glands, and in neoolasms, both benign and
- malignant, ar1s1ng from these organs, as well as in polyps found in
stomach and colon (Wiley et al., 1981, Isaacson et al., 1976 Klein et
'51L, 1981, Rognum et al., 1980, and ‘Wagner et al., 1978).‘ CEA was -
.a]SO'demonstrated in inflammatory bowel conditions such as'Crohn's -
disease and-dicerative colitis. These inflammatory diseases showed
' moderate, fine, ep1thel1a1 cytoplasm1c and membrane glycocalyx stain-
 1ng (Figure 3). CEA staining. 1ncreased W1th increased t1s;oevdamage.
~ This .increase in CEA detectlon may be due to 1mmature epithelial cell
proliferation or epitﬁelial cell damage with the release or exposure )
of cytoplasm1c CEA. | ' . | , o

A]l adenocarc1nomas of the co]on, 1nc]ud1ng the rectum and
_stomach stud1ed demonstrated moderate to strong cytoplasmlc and
‘ membrane sta1n1ng. The 1ntens1ty of sta1n1ng may be due to ce]l
lded1fferent1at1on with heightened express1on of CEA in the ded1fferen—
t1ated cells, m1m1ck1ng the expression of CEA in feta] 1ntest1na1
.ep1thel1um. -

CEA was not uniform in all tumor cells. A few cells had‘weak
| sta1n1ng, others were moderately or strongly stained. This variabil—

'Ity in sta1n1ng may be due to var1at1on in 1nd1v1dual cell metabo]lc

rate or synthes1s of CEA. Increased cytoplaSmlc synthes1s of CEA by

Tow

40
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tumor cells may be reflected by increased plasma cell levels. Similar
increases in plasma CEA may be associated with inflammatory bhowel
diseases (Goslin et al., 1981, Minton‘et al., 1978; Mavligit et al.,
v197é, Mach et al., 1978). |

The 1ocalization of CEA to the cell surface (probably glyco-
calyx) (also shown by Fuks et al., 1974, and by Ferritin labelling)
and withinvtne'bytoplasm of neoplastic tissue suggests that CEA is a
secretion product rather tnan a constituent of the tumor cell mem-
brane. The presence of CEA in and on‘ngoplastic cells may be due to

! Hr ﬁ
“increased synthesis, or 1ncfeased accumul®

cells or to both.

PAP CEA detection in colorectal‘d ‘nocarcinomas was not

affected by tumor sizé, although plasma CEA level would likely be

higher in patients with largerhtUmors, since the increased bulk of
tumor cells could. synthesize and release larger quantities of CEA to

the circulation. CEA sfaining intensity did ndt change great]y with

tumor d1fferent1at1on and thlS finding contradicts that of. Denk et

o

al., 1972, who postulated that poorly differentiated carc1nomas would

1
~

have negdtive CEA and high CEA levels would be present only,1n well
differentiated carcfnomas.v The 1ntens1ty of CEA sta1n1ng in colorec-
tal adenocarc1nomas did not vary with depth of 1nva51on (qs measured
by Dukes, A and ‘8 cr1ter1a) or w1th the presence or absence of lymph
node metastases (Duﬁe‘s C). Adenocarcinoma metastatic to'lymph nodes
had. staining:intensity s1m1lar to the pr1mary tumor.

Moderately well dlfferenttated carcinoma of the esophagus

‘demonstrated weak cytopla5m1c and membrane sta1n1ng, a property not

%on of CEA by the neoplastic



v»moderate.to heavy ‘in carc1nomas tend to support that hypothes1s butm

: the present data is 1nsuff1c1ent to draw f]rm conclus1ons : p%“

“V,shared"by normal epitheliUma. One Squamous carc1noma of the rectum

" ‘demonstrated weak cytop]asm\c and membrane: sta1n1ng

Non neoplast1c t1ssue adJacent to the tumor showed weak to

wmoderate cytoplaSmlc sta1n1ng, part1cu1ar1y 1n superf1c1a1 ep1the11um

6

wh1le_¢he deep glandular t1ssue showed negat1ve to very weak pos1t1ve
dwmembrane sta1n1ng. Th1s membrane sta1n1ng (glycocalyx) cOu]d be*a‘
fproduct of CEA secret1on by the tumor w1th absorpt1on of LEA by norma
tvglycocalyx to 1ncreased synthes1s by ep1the]1a1 ce]ls 1nfluenced by B
1'the1r prox1m1ty to the tumor. weak membrane and cytoplasm1c CEA rf.

: sta1n1ng detected 1n norma] gastro1ntest1nal ep1the11um in sma]l o

‘-..

:;amounts, even 1n adu]ts, s1nce CEA product1on 1s not lost c0mp1ete]y
h_,dwlth matur1ty (Nagner et al., 1978 Pr1mus et al., 1981) St1mu]at1on

.of norma] ep1the11um of th1s sort by cont1guous tumor may 1ncrease CEA

A

ﬁ”synthes1slor express1on., ‘7t.~

Adenomas (tubu]ar tubu]ov1llous, v11]ous) and Juven1le po]yps

: al] demonstrated weak to moderate cytoplasm1c and membrane sta1n1ng.
f]lt has been hypothes1zed that an’ lncrease 1n sta1n1ng 1ntens1ty 1n
*"}arge bowe] adenomas may pred1ct future mal1gnanqy (Isaacson et al.,

“f.1976 Pr1mus et al., 1981 wagner et a]., 1978) The results obta1ned

oy

J1n th1s study,.1n wh1ch sta1n1ng lncreased from sl1ght in norma] 1arge

'bowel ep1the]1qm through weak to moderate in 1arge bowe] adenomas to 3

L

Q

iﬂ Two of three p]eOmorphlc adenomas of sa11vary g]and or1g1n'1.

tive. One anap]ast1c carc1noma showed moderate cytop]asmlc and

42

[

%j,
g

aeshowed weak cytop]asm1c and membrane staxning and the th1rd was nega-

5
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l{l
‘ membrane sta1nlng/and one‘poorly d1fferent1ated squamous carc1noma
(pr1mary in sal1vary gland) showed weak cytoplasm1c and membrane
.sta1n1ng. Normal t1ssue adJacent to mal1gnant tumor showed weak
perlnuclear and membrane staining of the 1ntercalated ducts and’ ap1call‘
sta1n1ng'w1th1n some of the ac1n1 Sallvary gland mallgnanc1es are o
probably der1ved from und1fferent1ated duct cells and these cell types' v
are presumably related to 1ntercalated ducts. CEA -in normal 1nter— :
calated duct cells may represent a product of duct‘synthes1s of CEA,‘f
ok analogoUs to the proposed st1mulat1on of normal large bowel ep1thel1um
: by c0nt1guous tumor, to absorpt1on of CEA secreted by the mal]gnant k.
tumor by 1ntercalated ducts, glycocalyx, or to excret1on by normal

duct cells of CEA produced or accumulated by the mal1gnant tumor. .CEAi‘

1n 1ntercalated duct cells of normal sal1vary gland may expla1n the

presence of CEA :n'the sal1va of some normal people and “in pat1ents

w1th sal1varyagland mal1gnanc1es (Casel1tz et al., 1981 McD1ckenrand,
;Scot-t 1981 Casel1tz et al., 1981) |

i Normal pancreas exocvine was negat1ve except for weak cyto—

o S plasmlc and membrane sta1n1ng of 1ntralobular ducts, and weak: ac1nar

zcytopl‘u 'cfsta1n1ng in chronfc pancreat1t1s. The local1zat1on of CEA

fln pan ,atic ducts may expla1n the presence of CEA 1n pancreat1c

Ju;ce (Larr Locke, 1980 Kalv1ns, 1981)

/

lslands of Langerhans showed moderate cytoplasm1c sta1n1ng

/

.'o\

i,

kN ThlS could represent a cross- react1on w1th a substance wh1ch 1s ant1-.
gen1cally s1m1lar or 1dent1cal to CEA or may be CEA synthes1zed or
accumulated by the 1slets.. Une metastat1c anaplasttc small cell

carc1noma most l1kely from the lung, was negat1ve. g,"°§-r L

/,, ‘ ' “ . . S .
,/ ' : | . - - -
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'Normal hepatocytes always showed weak cytoplaSmic‘perinuclear~

~and- very weak membrane sta1n1ng Hepatocyte CEA may be an indication

| of llver 1nvolvement 1n CEA clearance from the plasma (Gerber et al.,

.»alcohollc liver c1rrh051s, and in tumor cell of liver cell adenoma and o

1978) -CEA. sta1n1ng 1ntens1ty was 1ncreased w1th m1ld cholestas1s,j

vhepatoma._ ThlS may be due to 1nab1l1ty of the damaged or neoplastlc

cell to excrete CEA or to 1ncreased CEA product1on by the damaged or.

ks

neoplastIC\cell Sta1n1ng 1ntens1ty of normal hepat1c parenchyma d1d
not vary w1th the presence or absence of a neoplasm.v
| Normal gallbladder was negatlve., One’ adenosquamous carc1n0ma

(prlmary 1n gallbladder) showed weak cytoplasm1c and membrane statn1ng

'.wh1ch 1ncreased w1th 1ncrease kerat1n1zat1on of the tumor. Thls may

STy

. ;be due to a nonspec1f1c cross react1on w1th keratln or kerat1n pre-v~

'. cursors.

Wy

Ep1thel1al muc1n was: A{esent in most t1ssue blocks exami ned
R A

‘ﬂand in all of these mucin was negat1ve for’ CEA sta1n1ng These nega—'

Mt1ve results tend to prove that there is nq cross react1on between CEA*"

v*}-and NQA II “the latter a promlnent component of ep1thel1al muc1n. \"

‘H,B,' Thyro1d Parathyro1d and Adrenal Glands 'j “ R ) T_’.'" & i

CEA was not deteg -in normal thyro1d parathyro1d or: adrenal

glands an neoplast1c Gend1t10ns of the thyroid such as Hash1motos f_l

o

.thyro1d1t1s,_Grave)s d1sease and mult1nodular coll01d 901ter were ‘437

‘ negat1ye. Two of four Folllcular adenomas showed weak cytoplasmlc and"

'membrane,sta1n1ng,w RRUC TR E B ] 'gf;'ggﬁg*



did not vary w1th the degree o

' tumor. Sta1n1ng was varlable fro

T
’adenomas were actua]]y "clear ce]] hyperplaSIa.

45

One pure foll1cu1ar carcinoma and s1x of e1ght m1xed pap1l]any‘

-and fo]11cu1ar carc1nomas showed weak to moderate cytoplasm1c and mem-

brane sta1n1ng in agreement w1t a]mettes et al., 1982 The sta1n1ng;
d1fferent1at10n or the size- of the .

eli'to another, probably ,

5

‘-depend1ng on the metabolIc act1v1ty“ofvthéy1nd1v1dua1 ce]l One
hpaplllary carc1noma showed only weak poS1t1ve cytoplasm1c and membrane
v\sta1n1ng. One medullary carc1noma showed moderate cytop]asm1c and
ﬁmembrane sta1n1ng One metastat1c squamous carc1noma showed weak

» kcytoplasmlc and moderate membrane sta1n1ng and sta1n1ng 1ntens1ty '

d?w1th ‘the degree of kerat1n1zat1on.

‘Parathyro1d hyperplas1a was. negat1ve.. Two-parathyroid adeho-'
8 ;(oxyph11 cells) showed weak cytoplasm1c sta1n1ng and three c]earol'
”adenomas were negat1ve.‘ The 51gn1f1cance of sta1n1ng var1ab1]1ty

in parathyroid adenomas-1s not clear. It ls poss1ble the c]ear cel]

Norma] t1ssue adJacent to neoplastlc tlssue in the thyro1d and .

parathyro1d ‘was negat1ve.r

b

Two pheochromocytog@s of adrena] g]and showed moderate cyto-

',jplasmic sta1n1ng’ Th1s may be - due to 1ncreased product1on or 1nab1]- 2
v1ty to excrete LEA w1th 1ncreased cytop]asm1c accumulat1on.v Norma]

f_adrenal tlssue adJacent to neoplast1c tlssue was negat1Ve or very weakn

cytop]asm1c sta1n1ng. AR , A}? o ,t,'h o _ &

e



o

_l(urotheTlum) of f1fteen showed weak to moderate cytoplasm1c ang |
e brane sta1n1ng.w The membrane sta1n1ng ‘was more promlnent than
, cytop]asm1c (Wahren, 1978 Shevchuck et aT., 1981). E1ght of nine
‘Ttrans1t1ona1 cell carc1nomas of var1ous grades (1- IV) showed mod

'} cytoplasm1c and membrane sta1n1ng (Shevchuck et aT.,_1981 Nahren“ef

46

" C. Urinary System

RenaT'gTomeruli in normal and non-neoplastic abnormal kidoey
such as mUTticyStic dysp]asia; mesengja] proTiferative glomerul one-

phr1t1s, and foot process d1sease were negat1ve.

Renal \ubules in f1ve of six kidneys showed weak cytopTasm1c

©and. membrane sta1n1ng and th1svreactlonv1ntens1f1ed when the_normaT »

t1ssue was adJacent to neopTast1c t1ssue.‘ This may indicate: an aCtive
role for rena] tubu]es in the excret1on of CEA A-single pyonephrosisv 
was negat1ve gTomeruTar and tubuTar sta1n1ng._ :

. Three of five renal ceTT carc1nomas showed moderate cytoplas—‘

,mic and membrane“staining.‘ The stalnlng react1on did not torreldfe<&

w1th tumor d1fferent1atlon,.the size of the-renal tumor or the pre- -

sence of. metastases., Ten normaT b]adder trans1t10na] ep1the11um

ate

’T., 1977 wahren, 1978) The cytop]asm1c sta1n1ng 1ntens1ty 1n’:

trans1t1ona1 ceTT carc1noma was - more marked than 1n adJacent normaT A

ftrans1t1onaT ep1the11um. The 1ncrease in; cytopTasmlc sta1n1ng may be

A

,’due to 1ncreased synthes1s of CEA by the neoplast1c ce]]s, or- 1nab1T-;
B ity of the neopTast1c ceTTs to- excrete or cTear CEA from the1r cyto—

'T,;plaSm. Sta1n1ng 1ntens1ty d1d not vary greatTy between d1fferent

~>

o grades of trans1t1onaT ce]l carc1noma, 1n d1sagreement w1th Wahren,e,
1978, Une of two muc1nous adenocarc1nomas showed moderate cytoplasm1c

'and'membrane sta1n1ng. The muc1n did not sta1n.



0. Lung. |

Normai lung parenchyma parenchyma adjacent to~neoplasms,
thyal1ne membrane d1sease of 1nfancy, cystic adenomato1d malformatlon
~-and necrot1c granuloma (presumab]y 1nfect1ons) were a]l negat1ve;',0ne
carc1no1d tumor showed weak cytop]asm1c CEA sta1n1ng. Three of four
smal] cell anaplastlc carc1nomas showed strong pos1t1ve sta1n1ng and
‘th1s resu]t is in agreement w1th Shested. et al., 1981 O Brien et al.,‘

1980 , Poor]y d1fferent1ated squamous carc1noma in agreement with

'Pascal et a]., 1977 was negat1ve. One metastat1c teratoma carc1noma

f:l was. also negat1ve and th1s may be due to absence of gastro1ntest1na1

, eplthelwum 1n»the;tumor,u

vE;x Breast
n Norma] breast t1ssue was negatlve. Two of seven cyst1c i

dlseases of the - breast showed weak cytop]asm1c and membrane sta1n1ng
" of the 1ntralobu1ar ducts and ap1ca1 sta1n1ng in a few acini.- CEA 1si"”
‘vapparently produced or reta1ned 1n at 1east ‘some breast t1ssue and
th1s may he]p exp]a1n CEA detect1on 1n the milk of some women (Kuhana‘
t al., 1981) The presence of CEA in- m1lk breast secret1ons or
t cyst1c d1sease may 1nd1cate the poss1b111ty of future malignancy.
-th1s hypothes1s requ1res long term study ‘
| Duct pap1lloma showed weak cytop]asm1c and membrane sta1n1ng
n‘and some lumenal sta1n1ng, wh11e duct carc1noma and adenocarc1noma "'
,;,showed stronger react1on in the same reglons (Kahana et a] Y 1981,

3 :wells and Has]eton et al.,.Walker, 1980, Shoushan and Lyss1otls
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[ . | |‘
1978). Positivity did not vary with metastases, ‘tumor size or tumor

' ‘dlfferent1at10n.-
Normal adJacent breast t1ssue was negative.

&

- F. ”Female Reproduct1vevSystem.'

One active corousfluteum showed stron94cytop]asmicwstaining;
wh1ch cou]d be a false pos1t1ve reactlon due to cross- reactlon of
canti CEA with some hormones, or it could be that CEA is norma]ly
f‘expressed‘by.the corpus’ ]uteum.r'Twovben1gnvcyst1c teratomas_showed’_,
weak eytoplasmic‘and‘membrane'staining-in the epitheiium‘(endoderm).
'BenIgn muc1nous qyst adenoma was negatlve wh11e a single ma11gnant
'muc1nous cyst adenocarc1noma showed moderate cytoplasm1c and membrane
‘4sta1n1ng. Pap11]any serous cystadenocarc1noma and ma11gnant endoder-
:“ma] sinus.tumor showed weak cytopla5m1c_and membrane_sta)ning (Pr1mus'
et a1:; 1981- Boer and'Nayman,hi§81)‘- |
| Norma] fa]lop1an tube ep1the]1um was negative. .
Normal endometr1um showed weak - cytop]asm1c and membrane CEA
' stain1ng., Norma] exocerv1x showed weak cytop]aSmlc and moderate meme
brane %ta1n1ng. Cytoplasmlc sta1n1ng was more 1ntense 1n CIN III.
. The' basa] ep1the11a] layer was cons1stent1y ne@at1ve. .Normal endo-bb
‘dcerv1ca1 ep1thel1um was negatlve even when adJacent to CIN IIL: (Cohn" ’
et al., 1982). | |
An'adenomyomatous polyo'showed weak C Qsmic and membrane ’
ﬂsta1n1ng 1nd1cat1ng der1vat10n from endometr1um diiile a;fibroepitheli-
al polyp of endocerv1x was: negat1ve., Sta1n1ng of CIN 1ncreased w1th
. maturatlon or kerat1n1zat10n (Nagell et al “1982)'. The presence of

CEA 1n the better dlfferent1ated areas of squamous cell carcinoma of
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V.

the CIN seems disturbing initiaily since most ectodermal tumors shouid‘
not be expected to produce CEA. Yet, if one regards these tumors as
dendoderma}ly derived malignant neoplasms, that exhibjtshmetaplasia and
-that have not tota]ly lost the morpho]ogica]lexpression of.ce11olar
d1fferent1at1on, then the data are in keep1ng w1th the hypothesis that
states endodermal]y der1ved tumors w111 produce CEA (Go]d and Freeman,
, 1965) . An a]ternat1ve explanat1on for f1nd1ng CEA or: CEA-1ike mate--
rial in the'kerat1n121ng«squamous areas is that‘CEA cross-reacts'w1th

2

keratin or keratin precursors.

G. 'Male ReproductiVe System

S1x of ten normal and hyperplastlc prostatlc t1ssue b1ops1es
‘showed weak:- cytoplasmIC and membrane stalnlng Adenocarc1nomas ofzthe"
prostate showed moderate cytop]asm1cAand membrane sta1n1ng Intensity
: of staln d1d not correlate wlth the grade or theitumor metastases
Norma] semlnlferous tubules were negat1ve. Leydig cells showed strongi
cytop]asmlc sta1n1ng._ One poorly d1fferent1ated teratocarc1noma
showed negative results due to. lack of endodermal ep1the11um. One
metastatlc seminoma showed moderate cytoplasm1c and membrane sta1n1ng
(Pr1mus et al., 1982) - | | |

The PAP techn1que is the most sens1t1we 1mmunoperox1dase meth-
~od: for the 1mmunohlstochem1ca] 1oca11zatwon of CEA by 1ight m1croscopy
e1n convent1ona11y processed t1ssue sectlons Lytoplasmlc Sti{j‘”g
noticed in ‘normal and neoplastic t1ssue is not due to artifact, caused-

by the d1ffus1on of DAB . from the site of oxldatlon oor by oxidation,

or by. de]ayed or 1ncomp1ete f1xat1on (Isaacson and Levann, 1976)‘
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The result and discussion show that CEA not only is’ feund in

endodenm but also in other germ layers. It is not specific to malig-

nant neoplasms but also found in ben1gn neoplasms and 1n normal tissue

of d1ffeent organs, although to a lesser ‘degree. . CEA is’also ex-

pressed in many inflammatory cond1t1ons
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.\\CEAam\igenA o

| ; 1 ~ Fig' 3.- Hybrid dnt-ibody method. -}
. (Modi-fied .:from ’T_ay|or,_]978),-, R |
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PEROXIDASE - ANTIPEROXIDASE ( PAP) PROCEDURE
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F1gure 7 Immunoperox1das- sta1n1ng of ‘a norma1
paraff1n embedded smal] buwel spec1men.‘ X 25.

F1gure 8“ Immunoperox1dase sta1n1ng of m1crofolj1c
" formalin fixed, paraffin embedded thyro1d spec1men.w

color 1nd1cates CEA 1oca11zat1on.

. formalin fixed,

57

r;adenoma
X 309 Brown1sh

P o



.1F1gure 9 Immunoperox1dase sta1n1ng of u]cerat1ve co]1t1s, forma11n
fixed, paraff1n -embedded colon spec1men. X 155 Brown1sh co1or

_1nd1cates CEA 1oca11zat1on. > R R TR

e

51,F1gure 10 vInmunoperox1dase sta1n1nq of moderate\y we11 d1fferent1ated
- adenocarcinoma, Dukes class B, formalin fixed, paraff1n embedded colon
‘,specymen.,/x 309 Brown1sh co]or 1nd1cates CEA 1oca11zat1on.

/ . . ’ .‘ ?‘m

5

COLOURED PICTURES

‘Images en couleur



:"F1gure 11 Immunoperox1dase sta1n1ng of a tubu]ar adenoma,aforma11n
. fixed, paraffin embedded colonic polyp spec1men. X 97. Brown1sh
3co1or 1nd1cates CEA 1oca1izat1on.y o B

F1gure 12 Immunoperoxidase sta1n1ng of a ben1gn p]eomorphxc adenoma,
formalin fixed, paraffin embedded sa11vary gland specxmen. X-309.
Brown1sh co1or 1nd1cates CEA 1oca11zat1on.;

s

COLOURED PICTURES
Images en couleur:
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"1nd1cates CEA localization..:

F1gure 13 Immunoperox1dase sta1n1ng of a. norma1 forméTin fTXed
~.paraffin embedded. pancreas spec1men. X 124 Brown1sh co]or 1nd1cates

CEA 1oca11zat1on.

F1gure 14 Immunoperox1dase sta1n1ng of “an’ act1ve c1rrhos1s formalin

fixed, paraff1n embedded liver specimen.

a
@

X 243 Brown1sh co]or

COLOURED PICTURES

Images -en couleur:
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"Figure 15 Immunoperoxidase sf¥ining of a. 11ver ce]] adenoma specimen,
formalin fixed, paraffin embe ed. X 243 - Brownish color -indicates
CEA 1oca11zat1on. . : -

Figure 16' Immunoperox1dase sta1n1nq of a metast t1cbm1xes“'
~and follicular carcinoma, 'formalin fixed, paraffy 'emBedd‘ ¥
specimen. = X:483. Brown1sh co]or 1nd1cates CEA 1oca11zat1o SES

>

-4

. COLOURED PICTURES

N

Images en couleur



Figure 17

F1gure 18

formalin fixed,:paraffin embedded: k1dn;y spec1men. X 39, Brown1sh
“color 1nd1cates CEA 1oca11zat1on. ST PRt

o

'

Immunoper0x1dase sta1n1ng of a pheochromocytoma, formalin

~fixed, paraff1n embedded adrenal gland: spec1men. X-97. Brown1sh
co]or indicates CEA loca11zat1on.

Immunoper0x1dase sta1n1ng Qf_a rena1 cell: carc1nomg3

% B
£

i
4
;

COLOURED PICTURES

Images en couleur
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Figure 19 Immunoperox1dase sta1n1ng of a trans1t1ona1 cell carcinoma,

grade IV formalin fixed, paraffin embedded urinary b]adder specimen.
X 243. Brown1sh color 1nd1cates CEA 1oca11zat1on. R

s

| F1gure 20 Immunoperox1dase sta1n1ng of a smal] ce]] anap1a5t1c

carcinoma, formalin fixed; paraffin embedded lung spec1men., X 483.
Brown1sh co]or 1nd1cates CEA 1oca11zat1on.

EE >IN

'COLOURED P1CTURES

Images en couleur



F1gure 21 Innunoperox1dase sta1n1ng of an 1nf11trat1ng duct carcin-
oma, formalin fixed, paraffin embedded breast spec1men. X 309.
Brown1sh color 1nd1cates CEA 1oca11zat1on;

Figuke'22 Immunoperox1ddse staining of a CIN IIT, formalin fixed,
paraffin embedded cervix spec1men. X 124 Brown1sh color .indicates
CEA localization.

‘Images en couleur

COLOURED PICTURES



'F%gure 23

CEA 1oca11zat1on*~-

Figure'24
~paraffin embedded testis spec1men.
- CEA localization.

¢

Immunoperox1dase sta1n1ng of a CIN IIL,
paraffin embedded cerv1x spec1men.

X 124.

Immunoperox1dase sta1n1ng of .a norma]
X. 309.

formalin fixed,
Brown1sh color 1nd1cates

formalin fiXéd

Brown1sh color 1nd1cates ,

COLOURED PICTURES -

Images en couleur
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Figure 25 Immunoperoxidase staining of a tefatocarcinoma, formalin
fixed, paraffin, embedded, testis specimen. X 97. Brownish color’
indicates CEA localization. - : o -

P

\
e " COLOURED PICTURES
T - .~ Images en couleur:
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