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ABSTRACF

Human esophageal neoplasms were studied in comparison to normal,
uninvolved,and preneoplastichuman esophagealepitheliumfor the pres
enceof humanchorionic gonadotropin(HCG), humanplacental lactogen
(HPL), a-fetoprotein(AFP), carcinoembryonicantigen(CEA),andnon
specific cross-reacting antigen (NCA) using the unlabeled antibody per
oxidase-antiperoxidase technique.

HCG immunoreactivity was identified in 10 of 33 squamous cell
carcinomas (33%), in 1 of 6 adenocarcinomas (17%), and 1 of 6 preneo
plastic esophageal lesions(17%) while9 of33 squamouscell carcinomas
(33%) and 1 of 6 adenocarcinomas (17%) contained immunoreactive
AFP. Immunoreactive HPL was detected in 6 of 33 squamous cell
carcinomas (20%), but in none of the adenocarcinomas. Neither AFP nor
HPL immunoreactivitywas identifiedin the6 hyperplasticlesionswhich
were Studied. When stained with an antiserum that was able to detect
both CEA and NCA, 27 of 33 squamous cell tumors (82%) and 6 of 6
adenocarcinomas (100%) showed positive immunostaining reactions. Of
these, 8 squamous cell carcinomas and 1 adenocarcinoma were subse
quently shown to contain only NCA immunoreactivity, while 19 squamous
cell carcinomas and 5 adenocarcinomas contained both NCA and CEA
immunoreactivity. NCA immunoreactivity alone was identified in 3 of 6
preneoplastic lesions and NCA and CEA immunoreactivity in@ of 6
preneoplastic lesions. None of the markers was detected in 8 specimens
of normal esophageal epithelium which were studied as controls, nor in
6 specimensof uninvolvedesOphagealepitheliumobtainedfrompatients
with esophageal cancer.

Most tumors expressed 2 or 3 markers, and some tumors were
identified which expressed up to 4 of the 5 markers investigated. Only 3
tumors failed to express any of the markers studied.

No association was found between the degree of tumor differentiation

and presence or absence of HCG immunoreactivity. However, HPL
immunoreactivity was more common in poorly differentiated squamous
cell carcinomas. In contrast, immunoreactiveAFP was more commonin
well-differentiated squamous cell carcinomas than in other tumor types.
Similarly, both CEA and NCA were more frequently expressed in well
differentiated squamous cell carcinomas, adenosquamouscarcinomas, and
adenocarcinomas than in less differentiated tumors.

Our results suggest that HCG, HPL, AFP, CEA, and NCA are tumor
associated antigens in esophageal cancer. Therefore, they could be of
value in screening tests for esOphageal neoplasms and could be useful in
subclassificationof esophageal neoplasms.

INTRODUCTION

Immunocytochemical techniques provide a sensitive and spe
cific means of localizing a diverse array of antigens in fixed,
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paraffin-embedded tissue (1â€”4).Localization ofcertain antigens
in neoplastic tissue may have important clinical and histopath
ological applications. For example, the identification of anti
gens peculiar to or differentially expressed by certain tumors
could provide markers for the early detection of neoplasmsand
could add a valuable dimension to present histopathological
diagnosis if they were found to correlate with histopathological
features and/or clinical behavior of neoplasms. This could lead
to classification schemes based on the functional activities of
tumor cells that may be more clinically relevant than those
basedsolely on morphological criteria.

While marker expression has been explored and character
ized in a variety of neoplastic tissues, very little investigation
has centered upon tumors of esophageal origin. Esophageal
neoplasms account for only 10% of all cancers of the gastroin
testinal tract, but they are responsible for 4% of all cancer
deaths in the United States and are associated with a 5-yr
survival rate of7% or less (5). The high mortality rate associated
with theseneoplasms is primarily related to the fact that tumor
invasion is widespread at the time of diagnosis. However, there
are techniques for detecting cancer of the esophagus early in its
course. As an example, esophageal brushing to obtain cells for
cytological examination is in wide use in China, where cancer
of the esophagus is common (6). This, or some other method
of obtaining esophageal cells, combined with testing the cells
for neoplasm-associated markers, could improve the prognosis
of this devastating disease. In this paper, we report the results
of our evaluation of malignant and preneoplastic esophageal
epithelium for HCG,4 HPL, AFP, CEA, and NCA using the
PAP technique (7).

MATERIALS AND METHODS

Tissue. Thirty-nine malignant esophageal neoplasms were evaluated

in the present study. Thirty-three of these were obtained through the
Divisions of Surgical Pathology at several hospitals (University of
Maryland Hospital, South Baltimore General Hospital, Maryland Gen
eral Hospital, Loch Raven Veterans Administration Medical Center,
and the Washington, DC Veterans Administration Medical Center).
Six cases including samples of uninvolved, preneoplastic (including
areas of hyperplasia and basal cell atypia), and neoplastic esophageal
tissue collected at the time of surgical resection for esophageal cancer
were obtained from Dr. Ren Sheng Chen (man University Medical
College, Department of Pathology, Guangzhou, Peoples Republic of
China).Tumors werefixed in either mixed aldehydes(4% formalde
hyde-1%glutaraldehyde)or in neutralbufferedformalin.Theyincluded
26 squamous cell carcinomas, 7 adenosquamous carcinomas, and 6

4 The abbreviations used are: HCG, @3-subunit of human chorionic gonadotro

pin; HPL, human placental lactogen; AFP, a-fetoprotein; CEA, carcinoembryonic
antigen; NCA, nonspecific cross-reacting antigen; PAP, horseradish peroxi
dase:anti-horseradish peroxidase; NGS, normal goat serum; DAB, 3,3'-diami
nobenzidine tetrahydrochloride; PBS, phosphate-buffered saline(0.l MNaC1:0.0I
mM Na2HPO4:0.003 M KH2PO@, pH 7.4).
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IMMUNOCYTOCHEMICAL EVALUATION OF HUMAN ESOPHAGEAL NEOPLASMS AND PRENEOPLASTIC LESIONS

adenocarcinomas. The squamous carcinomas included 4 well-differen
tiated,7well- to moderatelydifferentiated,4 moderatelydifferentiated,
4 moderate to poorly differentiated, and 7 poorly differentiated (4 with
spindle cell component) tumors. Preneoplastic and uninvolved esoph
ageal specimens were fixed in neutral buffered formalin. In addition, 8
specimens of normal human esophagus obtained at the immediate
autopsy of young trauma victims were studied as controls. Normal
tissue was fixed in 4% formaldehyde-1% glutaraldehyde.

Tissue used as immunochemical controls included sections of for
malin fixed specimens of hepatocellular carcinoma and colon adeno
carcinomas for AFP and CEA, respectively, and formalin or Bouin's
fixed human placenta for HCG and HPL. Normal spleen was used as
an immunocytochemical control for NCA and also for absorption of
CEA antiserum.

Reagents. Antisera raised in rabbits to HCG, HPL, AFP, and CEA
were obtained as purified immunoglobulin fractions from Dakopatts
a/s Copenhagen, Denmark (United States distributor, Accurate Chem
ical and Scientific Corp., Westbury, NY).

Goat antiserum to rabbit IgG was used as the secondary antibody in
the PAP procedure.It wasobtainedfrom Sternberger-MeyerImmu
nocytochemicals (Jarrettsville, MD), as was normal rabbit serum (con
trol serum). Affinity purified PAP produced in rabbits, normal rabbit
IgG (control serum), and NGS and a-1-fetoprotein standard serum
were obtained from Dakopatts. DAB was obtained from Sigma Chem
ical Co. (St. Louis, MO). Human chorionic gonadotropin, human
placental lactogen, and CEA were purchased from Calbiochem-Behring
Corp. (LaJolla, CA). The antisera, normal rabbit IgG, and the PAP
were stored at 4'C. Goat antiserum to rabbit IgG and normal rabbit
serum were stored in aliquots at â€”70Â°C.

Immunostaining Procedure. Multiple 5-sm sections were cut from
each block of tissue, cleared of paraffin in 4 changes of mixed xylenes,
and placed in absolute methanol containing 3% H202 for 30 mm to
ablate endogenous peroxidase activity. The tissue sections were then
rehydratedbypassagethroughaseriesofalcoholsolutionsof decreasing
concentration and finally placed in PBS. After this, they were treated
for 30 mm with undiluted NGS to suppress nonspecific staining and
then exposed sequentially at room temperature to the following re
agents. (a) Primary antiserum consisted of anti-HCG (1:200 dilution)
for 18 to 22 h or 1:200 dilutions of anti-HPL, anti-AFP, or anti-CEA
for 1 h. As controls the antisera were replaced with similar dilutions of
normal rabbit serum, PBS, or with absorbed antisera (see below). (b)
Secondary antibody consisted of goat anti-rabbit IgG (1:40 dilution)
for 30 mm. (c) The last reagent was PAP (1:100 dilution) for 30 mm.
All dilutions were made in PBS containing 3% NGS. After each
incubation tissue sections were washed 3 times (each change, 5 mm)
with 0.05 M Tris buffer(pH 7.6).

Antibody localization in the tissue was detected by placing the
sections in a filtered, freshly prepared solution of DAB (0.05% in 0.05
M Tris buffer, pH 7.6, containing 0.03% H202) for 5 to 10 mm. After

treatment, the tissue sections were washed in PBS followed by tap
water, lightly counterstainedwith hematoxylin, dehydrated,and
mountedin Coverbond(ScientificProducts,Inc., McGawPark,IL).

Absorbed Antisera. Specificity of immunostaining was confirmed by
absorption of antisera with purified antigens. Anti-HCG was absorbed
by adding 250 zg of purified HCG per ml to a 1:200 dilution of anti
HCG, followedby incubationat 4C for 1 h. The absorbedantiserum
was tested using tissue sections of normal human placenta.

HPL antiserumwasabsorbedbyadditionof 17.8 @gofpurifiedHPL
per ml to a 1:200solution ofanti-HPL followedby overnight incubation
at 4Â°C.Sections of human placenta were used to test the absorbed
antiserum.

Absorption of AFP antiserum was accomplished by addition of an
equal volume of a-1-fetoprotein control serum to a 1:100 solution of
anti-AFP followedby overnight incubation at 4Â°C.Tissue sections from
human fetal liver and an AFP-positive liver tumor were used to test the
absorbedantiserum.

CEA antiserum was rendered specific for CEA by depleting its
reactivity toward NCA by absorption with normal human spleen (8).
For this purpose,250 mg of acetone-driedhumanspleentissuewere
added to the antiserum (1:200 dilution in PBS plus 3% NGS) and

stirred gently for 1.5 to 2 h at room temperature. The suspension was
then filtered and used in the PAP procedure. The effectivenessof the
absorption was tested using sections of spleen. Tissue sections from a
CEA-positive colon adenocarcinoma were also tested to confirm that
the absorbed antiserum was still able to detect CEA.

Anti-CEA was absorbed by addition of 5 @gof purified CEA per ml
to a 1:200 solution of CEA antiserumwhich had previouslybeen
absorbed with spleen tissue. Absorption was carried out overnight at
4Â°C.The effectivenessof absorption was determined using sections of
a colon adenocarcinoma.

RESULTS

Human ChorionicGonadofropin

Neoplastic Esophagus. The HCG antiserum used in this study
stained the syncytial trophoblast cells of human placenta (Fig.
la), which synthesize HCG. Specificity of the antiserum was
demonstrated by absorption of the antiserum with purified
HCG which abolished the immunostaining of these cells (Fig.

lb).
When the HCG antiserum wasapplied to esophagealtumors,

33% (10 of 33) of the squamous cell carcinomas was stained
(Table 1). The staining was, in most instances, of weak to
moderate intensity and involved single cells or small groups of
cells scattered throughout the tumor. Variation in the staining
intensity of the tumor cells was common. The keratinized areas
ofone well-differentiated squamouscell carcinoma were weakly
stained in addition to isolated tumor cells (Fig. 2). One poorly
differentiated squamous cell carcinoma showed a more gener
alized pattern of staining, with many tumor cells showing weak
cytoplasmic staining and a few tumor cells having moderately
intense cytoplasmic staining. All but one of the adenocarcino
mas (6 cases) that were studied were unreactive with HCG
antiserum; the exceptional tumor contained isolated cells with
moderately strong cytoplasmic staining. The immunostaining
of tumors with HCG antiserum was abolished when the anti
serum was absorbed with HCG (Fig. 2, inset, Fig. 3, inset).

Normal, Uninvolved,and Preneoplastic Esophagus. Epithelial
tissue from 8 normal esophagi and 6 cases of uninvolved
esophagealepithelium were not stained with HCG antiserum.
However, among the 6 preneoplastic lesions studied, one hy
pertrophic focus adjacent to a well- to moderately differentiated
squamous cell carcinoma contained 2 small groups ofcells with

Fig. 1. A, immunostainingofplacenta. @-HCGantiserum used in the present
study specifically stained the syncytial trophoblast cells ofhuman placenta. In B,
immunostaining ofplacenta was abolished following absorption ofthe antiserum
with HCG. C, HPL immunostainingof placenta. HPL antiserum used in the
present study specificallystained the syncytial trophoblast cells of human pla
cents. In D, immunostainingwasabolishedfollowingabsorptionofthe antiserum
with HPL E, immunoperoxidaselocalizationof AFP immunoreactivityin a
human liver tumor. In F, absorption of the antiserum with AFP control serum
eliminated the staining. x 250.
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Table 1 Immunostainingreactionsofhuman ewphagealneoplasmswithHCG, HPL, AFP, and CEAantiseraNo.

of specimens with positive staining stratified by tissuedifferentiationÂ°Squamous

cell carcinomas

Antiserum W-WMIY (1 1) M-MPD (8) P-PDS (7) Adenod(7) Adenocarcinomas(6)bHCG

5 (46@ 1 (13) 2 (29) 2 (29) 1 (17)
HPL 1(9) 2(25) 3(43) 0(0) 0(0)
AFP 4(36) 1(13) 1(14) 3(43) 1(17)
CEA, absorbel 9 (82) 4 (50) 1 (14) 5 (71) 5 (83)
CEA, unabsorbed' I 1 (100) 7 (88) 3 (43) 6 (86) 6(100)a

In order to simplify tabulation of results, the well- and well- to moderately differentiated squamous cell carcinomas and the moderately and moderate to poorly
differentiatedsquamouscell carcinomas have been combinedto form 2 groups, respectively.In the text the former will be referred to as well differentiatedand the
latter as moderately differentiated.

b Numbers in parentheses (table boxhead), total number of tumors for each histopathological classification.

C W-WMD, well, well-moderately differentiated; M-MPD, moderately, moderate-poorly differentiated P-PDS, poorly differentiated, poorly differentiated with

spindle cell component Adeno, adenosquamous carcinoma.
d Adenosquamous carcinomas showed evidence of glandular elements with mucin secretion as demonstrated by Alcian blue-periodic acid-Schiff staining combined

with areas of squamous differentiation.
e Numbers in parentheses (table body), percentage.

1CEA antiserum absorbed with spleen tissue. Detects CEA alone; specificity of stain confirmed by further absorption with purified CEA antigen.
g CEA antiserum not absorbed with spleen tissue; detects both CEA and NCA.

Table 2 Summaryofmarker distributionin neoplasticand preneoplastic
esophageal lesions by individual case as determined by immunocytochemist,y

Neoplastic esophageal Preneoplastic esophageal
. lesions by the lesions by the

Histopatho- following marker(s) following marker(s)
logical

Case classificationHCG HPL AFP CEA NCA HCG HPL AFP CEA NCA
1WDâ€•+â€”â€”++â€”â€”â€”â€”+2WD+â€”â€”++â€”â€”â€”++3W-MD+â€”â€”+++â€”â€”â€”+4M-PD++â€”â€”+5M-PDâ€”â€”â€”++â€”â€”â€”â€”+6M-PD-â€”â€”++
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Fig. 2. /3-HCG immunoreactivity in esophageal squamous cell carcinoma.
Scattered cells are moderately immunostained. Immunostaining was not observed
following absorption of the antiserum with HCG (inset). x 325.
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a WD, well-differentiated squamous cell carcinoma W-MD, well-moderately
differentiated squamous cell carcinoma M-PD, moderate-poorly differentiated
squamouscell carcinoma.

reactive cells in the preneoplastic lesion were more strongly
stained than were the majority ofcells with HCG immunoreac
tivity within the tumor itself.

Placental Lactogen

Neoplastic Esophagus. The antiserum to HPL specifically
stained the syncytial trophoblast cells of human placenta (Fig.
lc). The immunostaining of thesecells was abolished following
absorption of the antiserum with purified HPL (Fig. ld).

The majority of esophagealcarcinomas were unreactive with
HPL antiserum. None of the adenosquamous carcinomas and

none ofthe adenocarcinomas were stained with HPL antiserum.
Two well- to moderately differentiated squamous cell carcino
mas were positive for HPL (Fig. 4). One of these 2 tumors
contained areas that were poorly differentiated based on ex
amination of tissue samples from other regions of the tumor.
In addition, 3 poorly differentiated and 1 moderate to poorly
differentiated squamous cell carcinomas showed HPL immu
noreactivity (Table 1). In these tumors staining intensity varied
from weak to moderate (Fig. 5). Variation in the intensity of
cytoplasmic staining was also noted among the tumor cells of
individual tumors. The staining of these tumors with HPL
antiserum was consistent with the presence of HPL in some
tumor cells, since it was abolished by absorption of the anti
serum with purified HPL (Fig. 4, inset, Fig. 5, inset).

Normal, Uninvolved, and Preneoplastic Esophagus. Normal,
uninvolved, and preneoplastic esophageal epithelium showed
no immunoreactivity when tested with HPL antiserum.

a-Fetoprotein

Neoplastic Esophagus. The antiserum to AFP stained human
fetal liver cells and cells of a liver carcinoma (Fig. le). The

. .@.

r@.

Fig.3. Immunoperoxidaselocalizationof@9-HCGin a hyperplasticesophageal
lesion. One group of cells is stained. Staining is abolished following absorption
of the antiserum with HCG (inset). No counterstain. x 325.

HCG immunoreactivity (Fig. 3; Table 2). One cell group exhib

ited immunostaining of moderate intensity, while the other
showed weak immunostaining. Interestingly, some of the HCG
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IMMUNOCYTOCHEMICAL EVALUATION OF HUMAN ESOPHAGEAL NEOPLASMS AND PRENEOPLASTIC LESIONS

V ,

@ - .

@.,@@

.â€¢j;@@ _@ _;......_Lâ€”
@@ ;.-

. @, .-,. â€¢ .â€˜_â€¢,_ -@-@

.,:2â€¢, - ,, .@.
1@@@ -.â€¢

@ i@T@ â€¢(@ -

@ :@@

#@ .â€¢------.-â€˜ â€˜

â€œI â€˜@:@@ :@@.:i@'-@

@1@c:i@@@ -t

. @t _;@

Fig. 4. HPL immunoreactivity in a well- to moderately differentiated squa
mous cell carcinoma. Some cells are moderately stained. Following absorption of
the antiserum with purified HPL, staining is abolished (inset). x 325.

Fig. 5. Immunoperoxidase localization of HPL immunoreactivity in a poorly
differentiated squamous cell carcinoma. Most of the tumor cells are strongly
immunostained with HPL antiserum. Immunostaining was abolished following
absorption ofthe antiserum with purifiedHPL (inset).x 325.

staining was abolished following absorption of the antiserum
with human a-1-fetoprotein control serum (Fig. lf).

Immunoreactive AFP was detected in 30% (9 of 33) of the
esophagealsquamous cell carcinomas that were evaluated, but
in only 1 of6 adenocarcinomas (Table 1). AFP immunoreactiv
ity was more common in well-differentiated tumors than in
less-differentiated ones. Staining of tumors was weak to mod
erate in intensity and usually involved isolated tumor cells (Fig.
6), although one poorly differentiated squamouscell carcinoma
contained many positive cells (Fig. 7). None of the tumors was
stained when normal rabbit serum replaced AFP antiserum in
the PAP procedure (Fig. 6, inset, Fig. 7, inset). The immuno
reactive material was dispersed evenly throughout the cyto
plasm of tumor cells. AFP immunoreactivity was also observed
in the keratinized areas of some positive tumors.

Normal, Uninvolved, and Preneoplastic Esophagus.AFP im
munoreactivity was not detected in normal, uninvolved, or
preneoplastic esophagealepithelium.

Neoplastic Esophagus. The CEA antiserum used in our study
detected both CEA and NCA immunoreactivity; therefore, spe
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Fig. 6. AFP immunoreactivity in an esophageal carcinoma. Some neoplastic
cells of this well- to moderately differentiated squamous cell carcinoma are
moderatelystained with AFP antiserum, while others remain unstained. In the
inset, esophageal neoplasm is not stained by absorbed AFP antiserum. No
counterstain. x 250.
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Fig. 7. Localization ofAFP immunoreactivity in a poorly differentiated aqua
mouscellcarcinoma.This tumor also contained HPL immunoreactivity(Fig. 5).
In the inset, the tumor is not stained by normal rabbit serum. x 325.

cific demonstration of CEA in tissue required absorption of the
antiserum with spleen tissue to remove its reactivity toward
NCA. The effectiveness of the absorption was tested with
histological sections of spleen. These were treated with CEA
antiserum before and after absorption with spleen tissue. In the
former case,numerous NCA-containing granulocytes through
out the spleen were intensely stained (Fig. 8a), whereas after
absorption the staining of granulocytes was abolished (Fig. 8b).
In contrast, tissue sections from a CEA-positive colon adeno
carcinoma were intensely stained with spleen-absorbed anti
serum (Fig. 8c). However, immunostaining of the colon ade
nocarcinoma was abolished when the spleen-absorbed anti
serum was further absorbed with purified CEA (Fig. 8d),
thereby demonstrating its specificity.

Thirty-three squamous cell carcinomas and 6 adenocarcino
mas were examined with CEA antiserum with and without
absorption with spleen tissue. The results are compared in Tabk
1. Most of the squamous cell carcinomas (27 of 33; 82%) ant

all of the adenocarcinomas (6 of 6) were stained when treate
with CEA antiserum that had not been absorbed with splee

Carcinoembryonic Antigen
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Fig. 10. Localization of NC.\ rnrnunorcacti@it@in a wellâ€”to moderately
differentiated squamous cell carcinoma. In the inset, CEA immunoreactivity is
seen in the same tumor. Staining is less intenseand involvesfewertumor cells. x
250.
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Fig. 8. A, immunoperoxidase localization of NCA in normal human spleen.
When treated with CEA antiserum, granulocytesscattered throughout the spleen
are intenselystained. In B, immunostainingis abolishedwhen CEA antiserum is
absorbedwithhumanspleen.C, immunoperoxidaselocalizationofCEA incolonic
carcinoma. The immunostaining of the colon carcinoma with spleen-absorbed
CEA antiserum is intense. In D, staining is abolished following absorption of the
spleen-absorbedantiserum with CEA. x 250.
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Fig. 9. Immunoperoxidase localization ofNCA immunoreactivity in an esoph
ageal carcinoma. When treated with CEA antiserum, some esophageal tumors
showedpositivestaining of neoplasticcells. Immunostainingwas related to NCA
immunoreactivity, since it was completely abolished when CEA antiserum was
depleted ofNCA reactivity by absorption with acetone-dried human spleen (inset).
x 250.

tissue. This was consistent with the presence of NCA and/or
CEA in such tumors. The staining intensity of tumor cells

within positive tumors varied, but overall the majority of tumor
cells were strongly stained. One adenocarcinoma and 8 squa
mous cell carcinomas that were stained with the unabsorbed
antiserum (Fig. 9) were not stained following absorption of the
antiserum with spleen tissue (Fig. 9, inset). This result showed
that these tumors contained NCA but not CEA immunoreac
tivity. In the tumors that were stained with both antisera,
staining was stronger and involved a greater number of cells
when the tumors were treated with unabsorbed CEA antiserum
(Fig. 10) compared to staining with spleen-absorbedCEA anti
serum (Fig. 10, inset). Thus, the more intense staining obtained
with the former appeared to represent the combined result of
staining for both NCA and CEA.

Overall, 57% (19 of 33) of the squamouscell carcinomas was
tamed with spleen-absorbedCEA antiserum. Almost all well
tifferentiated squamous cell carcinomas were moderately to
trongly stained, but only one poorly differentiated tumor was
ositive. Most of the adenosquamous carcinomas and slightly
55 than half of the moderately differentiated tumors were
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Fig. 11. CEA immunoreactivity in a well-differentiated squamous cell card
noma. Intense immunostaining is present in a keratin pearl and 2 cells. Immu
nostaining is abolished when spleen-absorbedCEA antiserum is absorbed with
purifiedCEA (inset).x 325.

strongly to moderately stained. Immunoreactive tumor cells
were often found in association with keratinized areas, but
positive cells were not confined to these areas (Fig. 11). CEA
immunoreactivity was also detected in some of the moderately
or poorly differentiated squamous cell carcinomas in which
keratinizing areas were either negative or were not present (Fig.
12). Approximately half of the tumors with CEA immunoreac
tivity showed cell membrane staining combined with cyto
plasmic staining. The staining ofcell membranes did not appear
related to the degree of tumor differentiation, since it was
observed in well-differentiated, moderately differentiated, and
poorly differentiated squamous cell carcinomas, as well as in
adenosquamous carcinomas. In tumors that showed staining of
both keratinized areas and individual cells, the staining of the
former was typically more intense than the latter. The staining
of these tumors was abolished following absorption of the
antiserum with purified CEA (Fig. 11, inset', Fig. 12, inset).

Immunoreactive CEA was also detected in almost all of the
adenocarcinomas. Staining intensity varied from weak to
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IMMUNOCYTOCHEMICAL EVALUATION OF HUMAN ESOPHAGEAL NEOPLASMS AND PRENEOPLASTIC LESIONS
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Fig. 12. Immunoperoxidase localization of CEA in a poorly differentiated
squamous cell carcinoma. Most neoplastic cells are intensely immunostained. In
the inset, the staining is abolished followingabsorption of the antiserum with
CEA. x 325.
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Fig. 13. NCA immunostaining in a small group of cells from an esophageal

specimen containing hyperplastic foci and areas ofbasal cell atypia. The cells are
intensely stained. x 130.

strong. All ofthe adenocarcinomas showed combined cell mem
brane and cytoplasmic staining of tumor cells.

Normal, Uninvolved, and Preneoplastic Esophagus. Neither
NCA nor CEA immunoreactivity was present in normal or
uninvolved esophageal epithelium. However, weak to moder
ately strong staining of some esophageal epithelial cells was
observed in 4 of the 6 preneoplastic esophageal specimens that
were treated with unabsorbed CEA antiserum (67%) (Table 2).

All of the specimenscontained hyperplastic foci and/or areas
of basal cell atypia or hyperplasia. However, some of the
immunostained cells were located in areas that could not be
definitively classified as hyperplastic due to the plane of section
of the tissue. The staining involved the cells of the basal cell
layer and/or the cells immediately above the basal cell layer
(Fig. 13). Most staining was cytoplasmic, although one speci
men displayed both cell membrane and cytoplasmic staining.
The immunostaining was abolished in 3 of 4 lesions when the
CEA antiserum was absorbed with spleen tissue, showing that

staining was due to NCA immunoreactivity. In the single ex
ception the staining was not completely abolished, but the
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Fig. 14. The same lesion as seen in Fig. 13 after treatment with spleen
absorbedCEA antiserum.Staining is diminished.x 325.

number of immunoreactive cells was diminished (Fig. 14). The
immunostaining of these reactive cells was abolished following
treatment with spleen-absorbed CEA antiserum that had been
further absorbed with purified CEA. Thus, some of the cells in
this preneoplastic lesion contained CEA immunoreactivity in
addition to NCA immunoreactivity. In all cases the correspond
ing neoplasms were stained for NCA and CEA.

DISCUSSION

In the present study human esophagealneoplasms and pre
neoplastic esophageal epithelium, as well as uninvolved and
normal esophageal epithelium, were evaluated for HCG, HPL,
AFP, CEA, and NCA immunoreactivity using immunohisto

chemistry. HCG is a glycoprotein hormone synthesized by the
normal placenta and by a diverse group of malignant cells (9,
10). HCG has a molecular weight of 38,000 and consists of a-
and fl-subunits that are nonidentical and noncovalently bonded
(1 1, 12). HPL is a polypeptide hormone with a molecular weight

of 19,000 that is also synthesized by the syncytial trophoblasts
of the placenta and is present in the circulation in large quan
tities only during pregnancy (13). Production of HPL has been
documented in the caseof trophoblastic neoplasms (14) aswell
as in some tumors of nontrophoblastic and nongonadal origin
(15â€”18).

AFP is an oncofetal antigen that is normally found in high
concentrations in fetal and maternal blood, but it also appears
in adults having certain neoplastic diseases (19). It is a single
chain sialylated glycoprotein with a molecular weight of about
67,000 (20). CEA is a glycoprotein with a molecular weight of
approximately 200,000 (21). It was originally isolated from
colon adenocarcinomas by Gold and Freedman (22), but it has
since been found to be present in tumors of a variety of other
epithelia (23â€”25).NCA is a M@100,000 glycoprotein antigen
that is structurally similar to CEA, differing only in molecular
weight and some antigenic determinants (8). NCA closely re
sembles a tumor-extracted CEA-related antigen found in a
variety of tumors (26). NCA has also been isolated from some
nonneoplastic tissues (8, 27).

HCG has not been identified in the sera of patients with
esophageal neoplasms (9, 28, 29), but very few studies have
evaluated HCG production by neoplasms of the esophagus.
Hattori et a!. (29) detected HCG in tissue extracts of 2 of 3
esophagealsquamouscell carcinomas using radioimmunoassay.
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Table 3Summa,y ofmarlcers in ewphagealcarcinomas as determinedbyimmunocytochemistryMarker(s)No.

of tumors with indicated marker(s) by histopathologicaldiagnosisHCGHPLAFPCEANCATumors

with indicated
marker?Squamous

cell carcinomasAdenocarcinomas

(6)bW@WMDc(I 1) M-MPD (8) P-PDS (7) Adeno(7)â€”â€”â€”â€”â€”3(8)'3(42)â€”â€”â€”â€”+4(10)2(25)

1(14)1(17)+â€”â€”â€”â€”2(5)1(14)

1(14)â€”+â€”â€”+1(3)1(14)â€”â€”+â€”â€”1(3)1(13)â€”â€”+â€”+2(5)2(18)â€”â€”â€”++11(28)2(18)

4(50)1(14)4(68)+â€”â€”++4(10)3(27)
1(14)â€”+â€”++2(5)1(9)
1(14)â€”â€”+++4(10)1(9)

3(43)++â€”â€”+1(3)1(13)+++â€”+1(3)1(14)+â€”+++2(5)1(9)1(17)++â€”++1(3)1(9)

IMMUNOCYTOCHEMICAL EVALUATION OF HUMAN ESOPHAGEAL NEOPLASMS AND PRENEOPLASTIC LESIONS

a Total number of tumors, 39.

b Numbers in parentheses (table boxhead), total number of tumors for each histopathological classification.

C W-WMD, well, well-moderately differentiated M-MPD, moderately, moderate-poorly differentiated P-PDS, poorly differentiated, poorly differentiated with

spindle cell component; Adeno, adenosquamous carcinoma.
d Numbers in parentheses (table body), percentage.

A single esophagealadenocarcinomaincluded in their study
was negative. Our results also indicate that HCG is associated
with some esophageal squamous cell carcinomas, as well as
some adenocarcinomas and preneoplastic lesions. Thus, while
HCG may not be a useful serological marker for esophageal

neoplasms, it may have limited application as a cytological
tumor marker.

In our study, HPL immunoreactive tumor cells were identi
fled in 6 of 39 primary esophageal neoplasms. Expression of
HPL was observed most frequently in poorly differentiated

squamous cell carcinomas, suggesting a possible association
between poorly differentiated esophageal tumors and produc
tion of HPL. This result expands previous reports of the pres
ence of HPL in tissue of nontrophoblastic neoplasms, including
tumors oflung, kidney, and stomach (30). Elevated serum levels
of HPL have also been described in patients with colorectal
cancer (31), gastric cancer (16), hepatocellular carcinomas (16,
32), breast cancer (18), cancer of the uterine cervix (15), and
lung cancer (32). Our localization of HPL in some squamous
cell carcinomas of the esophagusfurther emphasizes its poten
tial as a tumor marker.

AFP production is usually associated with liver and nonsem

inomatous testicular cancers (33â€”35).However, a variety of
other types of tumors have been found to release AFP into the
peripheral blood (19, 36â€”38).Wahren et a!. (39) reported
elevated AFP serum levels in 33% of the patients (59 cases)
with primary esophageal cancer whom they studied using ra
dioimmunoassay. In agreement with the latter studies, we de
tected immunoreactive AFP in 30% of the esophageal carci
nomas which were evaluated in our study. AFP was more
frequently encountered in well-differentiated squamous cell car
cinomas and adenosquamous carcinomas than in moderately
and poorly differentiated squamous cell carcinomas and aden
ocarcinomas, suggesting an association with well-differentiated
tumors.

An antiserum to human colonic CEA was used in the present
study to search for NCA and CEA immunoreactivity in esoph
ageal neoplasms and preneoplastic lesions. When tested with
unabsorbed antiserum 82% of the squamous cell carcinomas
and all ofthe adenocarcinomas were positive. When the positive
tumors were reexamined with spleen-absorbed CEA-specific

antiserum, 57% of the squamous cell cancers and 83% of the
adenocarcinomas were found to have CEA immunoreactivity.
Both NCA and CEA immunoreactivity were more common in

well-differentiated squamous cell carcinomas, adenosquamous
carcinomas, and adenocarcinomas than in less-differentiated
tumors. In the former, intense CEA immunoreactivity wasoften
found in areas of keratinization. This has also been observed in
squamous cell carcinomas of the lung (40).

Our results differ from those of Goldenberg et a!. (41), who
failed to demonstrate CEA immunoreactivity in any of 10
esophageal squamous cell carcinomas examined using immu
nocytochemistry and CEA-specific antiserum, although 2 of 4
adenocarcinomas at the esophagogastric junction were found
to be CEA positive. Our findings are, however, in agreement
with serological studies of patients with esophageal cancer that
havereported elevated levels of CEA in 59% (39) and 70% (42)
of cases.

Of special interest was the detection of cells with NCA
immunoreactivity in 4 of 6 preneoplastic esophageal lesions.

One of the 4 NCA-positive lesions was found to contain CEA
immunoreactivity as well. Greater numbers of NCA and CEA
immunoreactive cells were present in the neoplastic portion of
the specimen, which suggeststhat an increase in marker pro
duction may be associated with the evolution of the neoplasm.
The finding that preneoplastic esophageal lesions contain NCA
and occasionally CEA could prove to be useful in screening
tests for esophageal cancer in view of the fact that normal
esophagealepithelial cells are immunocytochemically negative
for these markers. CEA and NCA have not previously been
reported in preneoplastic esophageal lesions, although CEA has
been detected in normal and dysplastic squamous epithelium in
lung cancer patients (43), and it has been identified immuno
cytochemically in normal and dysplastic exfoliated squamous
cells in sputum from patients with carcinoma of the lung and
from patients at risk for, but having no evidence of, lung cancer
(44).

Table 3 summarizes the distribution ofmarkers in esophageal
tumors in relation to histopathological diagnosis. The majority
of squamouscell carcinomas were positive for 2 or more mark
ers, while some tumors exhibited multiple markers. None of
the squamous cell carcinomas in our study expressed all of the
markers that were examined, but 4 tumors expressed 4 of the
5 markers that were studied.

All of the adenocarcinomaswere positive for NCA and/or
CEA. One tumor was positive for NCA alone, while another

was positive for HCG, AFP, CEA, and NCA.
No association was observed between the degree of tumor

2942

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/4

6
/6

/2
9
3
6
/2

4
2
6
2
8
1
/c

r0
4
6
0
0
6
2
9
3
6
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2
2



IMMUNOCYTOCHEMICAL EVALUATION OF HUMAN ESOPHAGEAL NEOPLASMS AND PRENEOPLASTIC LESIONS

differentiation and the occurrence of HCG immunoreactivity.
However, HPL immunoreactivity was more commonly encoun
tered in poorly differentiated squamous cell carcinomas than in
other types of tumors. In contrast, AFP immunoreactivity was
more often expressedby well-differentiated squamous cell car
cinomas and by adenosquamous carcinomas than by tumors of
other histological types. Both NCA and CEA immunoreactivity
were more frequently detected in well-differentiated squamous
cell carcinomas, adenosquamous carcinomas, and adenocarci
nomas than in other types of tumors. In preneoplastic lesions,
NCA was encountered most often in those lesions that were
associated with well-differentiated tumors. The relationship of
tumor marker production to tumor differentiation should be
interpreted cautiously, however, since esophageal tumors are
morphologically heterogeneous,with many tumors containing
well, moderately, and poorly differentiated components.

Our study indicates that HCG, HPL, AFP, CEA, and NCA
are produced by some esophageal neoplasms and that NCA and
less commonly CEA and HCG are produced by some preneo
plastic esophageal lesions. None ofthese markers was expressed
by normal or uninvolved esophageal epithelium; therefore, they
appear to be tumor-associated markers which could be useful
in cytological screening tests for the identification of esophageal
cancer cells. Furthermore, these markers, as well as others
which may be identified in the future, could lead to a means of
subclassifying esophageal tumors based on the presence or
absenceof specific antigens. An association may exist between
certain tumor markers or combinations of markers and the
biological and clinical behavior of esophageal tumors. Thus,
immunocytochemical classification of esophageal neoplasms
may provide more prognostic information than classification
schemes based solely on morphology.

REFERENCES

1. Bosman, F. T., and Nieuwenhuizzen, K. A. C. Clinical applications of the
enzyme-labeled antibody method. J. Histochem. Cytochem., 27: 1140â€”1147,
1979.

2. Delellis, R. A., Sternberger, L. A., Mann, R. B., Banks, P. M., and Nakane,
P. K. Immunoperoxidase techniques in diagnostic pathology. Report of a
workshop sponsored by the National Cancer Institute. Am. J. Clin. Pathol.,
71: 483â€”488,1979.

3. Taylor, C. R. Immunoperoxidase techniques: practical and theoretical as
pects. Arch. Pathol. Lab. Med., 102: 113-121, 1978.

4. Taylor, C. R. Immunohistological approach to tumor diagnosis. Oncology
(Basel),35: 189â€”197,1978.

5. Third National Cancer Survey. Advanced Three Year Report: 1969â€”1971
Incidence(ExcludingCarcinomain Situ), Department ofHealth, Education,
and Welfare Publication 75-639, pp. 1â€”34.Bethesda: Government Printing
Office, 1974.

6. Shu, Y.-J. Cytopathology of the esophagus: an overview of esophageal
cytopathology in China. Acts Cytol., 27: 7â€”16,1983.

7. Sternberger, L. A. Immunocytochemistry, Ed. 2. New York: John Wiley &
Sons, Inc., 1979.

8. von Kleist, S., Chavanel, G., and Burtin, P. Identification of an antigen from
normal human tissue that crossreacts with the carcinoembryonic antigen.
Proc. NatI. Acad. Sci. USA, 69: 2492â€”2494,1972.

9. Rosen, S. W., Weintraub, B. D., Vaitukaitis, J. L., Sussman, H. H., Hersh
man, J. M., and Muggia, F. M. Placental proteins and their subunits as
tumor markers. Ann. Intern. Med., 82: 71â€”83,1975.

10. McManus, L M., Naughton, M. A., and Martinez-Hernandez, A. Human
chorionic gonadotropin in human neoplastic cells. Cancer Res., 36: 3476â€”
3481,1976.

11. Bahl, 0. P. Human chorionic gonadotropin, its receptor and mechanism of
action. Fed. Proc., 36: 2119â€”2127,1977.

12. Yorde, D. E., Hussa, R. 0., Garancis, J. C., and Pattillo, R. A. Immunocy
tochemical localization of human choriogonadotropin in human malignant
trophoblast. Model for human choriogonadotropin secretion. Lab. Invest.,
40:391â€”398,1979.

13. Payne, R. A., and Ryan, R. J. Human placental lactogen in the male subject.
J. Urol., 107:99â€”103,1972.

14. Samaan, N., Yen, S. C., Friesen, H., and Pearson, 0. H. Serum placental
lactogen levelsduring pregnancyand in trophoblastic disease. J. Clin. En
docrinol., 26: 1303â€”1308,1966.

15. Sheth, N. A., Adil, M. A., Nadkarni, J. J., Rajpal, R. M., and Sheth, A. R.
Inappropriate secretion of human placental lactogen and il-subunit of human
chorionic gonadotropin by cancer of the uterine cervix. Gynecol. Oncol., 11:
321-329,1981.

16. Sheth, N. A., Adil, M. A., Shinde, S. R., and Sheth, A. R. Paraendocrine
behaviour of tumors of the gastrointestinal tract with reference to human
placental lactogen.Br. J. Cancer, 42: 610â€”612,1980.

17. Sheth, N. A., Adil, M. A., Suraiya, J. N., and Sheth, A. R. Detection of
human placental lactogen in sera and tumours of patients with fibroadenoma
ofbreast. Br. J. Cancer, 44: 258â€”261,1981.

18. Sheth, N. A., Suraiya, J. N., Sheth, A. R., Ranadive, K. J., and Jussawalla,
D. J. Ectopic production of human placental lactogen by human breast
tumors.Cancer(Phila.),39: 1693â€”1699,1977.

19. Mclntire, K. R., Waldmann, T. A., Go, V. L. W., Moertel, C. G., and Ravry,
M. Simultaneous radioimmunoassay for carcinoembryonic antigen (CEA)
and alpha-fetoprotein (aFP) in neoplasms ofthe gastro-intestinal tract. Ann.
Clin. Lab. Sci., 4: 104â€”108,1974.

20. Yachnin, S. The clinical significance ofhuman alpha-fetoprotein. Ann. Clin.
Lab. Sd., 8: 84â€”90,1978.

21. Banjo, C., Shuster, J., and Gold, P. Intermolecular heterogeneity of the
carcinoembryonic antigen. Cancer Res., 34: 2114â€”2121,1974.

22. Gold, P., and Freedman, S. 0. Demonstration of tumor-specific antigens in
human colonic carcinomata by immunological tolerance and absorption
techniques. J. Exp. Med, 121: 439â€”462,1965.

23. Goldenberg, D. M., Sharkey, R. M., and Primus, F. J. Carcinoembryonic
antigenin histopathology:immunoperoxidasestainingofconventional tissue
sections. J. Natl. Cancer Inst., 57: 11â€”22,1976.

24. Pusztaszeri, G., and Mach, J-P. Carcinoembryonic antigen (CEA) in non
digestive cancerous and normal tissues. Immunochemistry, 10: 197â€”204,
1973.

25. Reynoso, G., Chu, T. M., Holyoke, D., Cohen, E., Nemoto, T., Wang, J-J.,
Chuang, J., Guinan, P., and Murphy, G. P. Carcinoembryonicantigen in
patients with different cancers. J. Am. Med. Assoc., 220: 361â€”365,1972.

26. Shively, J. E., Spayth, V., Chang, F-F., Metter, G. E., Klein, L., Presant, C.
A., and Todd, C. W. Serum levels ofcarcinoembryonic antigen and a tumor
extracted carcinoembryonicantigen-relatedantigen in cancer patients. Can
cer Res., 42: 2506â€”2513,1982.

27. Burtin, P., Sabine, M. C., and Chavanel, G. A comparative study of the
localization of CEA and NCA2 in cancerous and normal gastrointestinal
tissues. mt. J. Cancer, 19: 634â€”641,1977.

28. Gailani, S., Chu, T. M., Nussbaum, A., Ostrander, M., and Christoff, N.
Human chorionic gonadotrophins (hCG) in non-trophoblastic neoplasms.
Cancer(Phila.),38:1684â€”1686,1976.

29. Hattori, M., Fukase, M., Yoshimi, H., Matsukura, S., and Imura, H. Ectopic
production of human chorionic gonadotropin in malignant tumors. Cancer
(Phila.), 42: 2328â€”2333,1978.

30. Sussman,H. H., Weintraub,B. D., and Rosen,S. W. Relationshipof ectopic
placentalalkalinephosphatasetoectopicchorionicgonadotropinandplacen
tal lactogen.DiscOrdanceofthree â€œmarkersâ€•for cancer.Cancer (Phila.), 33:
820â€”823,1973.

31. Szymendera, J. J., Kaminska, J. A., Nowacki, M. P., Szawlowski, A. W.,
and Gadek, A. The serum levels of human a-fetoprotein, AFP, choriogo
nadotropin, hCG, placental lactogen,hPL, and pregnancy-specifictI-glyco
protein, SP, are of no clinical significance in colorectal carcinoma. Eur. J.
CancerGin. Oncol.,17:1047â€”1052,1981.

32. Weintraub, B. D., and Rosen, S. W. Ectopic production ofhuman chorionic
somatomammotropin by nontrophoblastic cancers. J. Clin. EndocrinoL, 32:
94â€”101,1971.

33. Soltani, K. Alpha-fetoprotein: a review. J. Invest. Dermatol., 72: 21 1â€”213,
1979.

34. Fowler,J., Jr., Taylor, G., Blom, J., and Stutzman, R. E. Experiencewith
serumalpha-fetoproteinand humanchorionicgonadotropinin nonsemino
matous testicular tumors. J. UroL, 124: 365â€”368,1980.

35. Javadpour, N., Soares, T., and Princler, G. L. In vitro synthesis of alpha
fetoprotein and human chorionic gonadotropin in testicular cancer. Cancer
(Phila.), 49: 303â€”307,1982.

36. Mclntire, K. R., Waldmann, T. A., Moertel, C. G., and Go, V. L W. Serum
a-fetoprotein in patients with neoplasmsof the gastrointestinaltract. Cancer
Res., 35: 991â€”996,1975.

37. Ravry, M., Mclntire, K. R., Moertel, C. G., Waldmann, T. A., Schutt, A. J.,
andGo,V.L W.Briefcommunication:carcinoembryonicantigenandalpha
fetoprotein in the diagnosis of gastric and colonic cancec a comparative
clinical evaluation. J. NatL Cancer Inst., 52: 1019â€”1021,1974.

38. Yasunami, R., Hashimoto, Z., Ogura, T., Hirao, F., and Yamamura, Y.
Primary lung cancer producing alpha-fetoprotein: a case report. Cancer
(Phila.), 47: 926â€”929,1981.

39. Wahren, B., Harmenberg,J., Edsmyr, F., Jakobsson, P., and Ingimarsson,
S. Possible tumour markers in patients with oesophagus cancer. Scand. J.
Gastroenterol., 14: 361â€”365,1979.

40. Hill, T. A., McDowell,E. M., and Trump, B. F. Localizationof carcinoem
bryonic antigen (CEA) in normal, premalignant, and malignant lung tissue
in carcino-embryonic proteins. In. F. G. Lehman (ed.), Carcinoembryonic
Proteins: Chemistry, Biology, Clinical Application, Vol. 2., pp. 163â€”168.
New York: Elsevier-North Holland, 1979.

41. Goldenberg,D. M., Sharkey,R. M., and Primus, F. J. Immunocytochemical
detectionof carcinoembryonicantigenin conventionalhistopathologyspec
imens.Cancer (Phila.), 42: 1546â€”1553,1978.

42. Alexander, J. C., Jr., Chretien, P. B., Dellon, A. L., and Snyder, J. CEA
levels in patients with carcinomaofthe esophagus. Cancer(Phila.), 42: 1492â€”
1497, 1978.

43. Pascal, R. R., Mesa-Tjeda, R., Bennet, S. J., Garces, A., and Fenoglio, G.
M. Carcinoembryonic antigen: immunohistologic identification in invasive
and intraepithelialcarcinomasof the lung.Arch.Pathol.Lab.Med.,101:
568â€”571,1977.

44. Boon, M. E., Lindeman, J., Meeuwissen,A. L J., and Otto, A. J. Card
noembryonic antigen in sputum cytology. Acta Cytol., 26: 389â€”394,1982.

2943

D
o
w

n
lo

a
d
e
d
 fro

m
 h

ttp
://a

a
c
rjo

u
rn

a
ls

.o
rg

/c
a
n
c
e
rre

s
/a

rtic
le

-p
d
f/4

6
/6

/2
9
3
6
/2

4
2
6
2
8
1
/c

r0
4
6
0
0
6
2
9
3
6
.p

d
f b

y
 g

u
e
s
t o

n
 2

4
 A

u
g

u
s
t 2

0
2
2


