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Abstract. In this report we describe the expression of the adenocarcinoma associated
antigen recognized by the monoclonal antibody 44-3A6, in various tissues during normal
human fetal development. Conventional, formalin-fixed and paraffin-embedded sections of
normal organs were examined from fetuses ranging from 9 to 42 weeks of gestation. Immu
nohistochemical localization of antigen-antibody complexes was accomplished using the
avidin-biotin complex (ABC) method using horseradish peroxidase. The monoclonal anti
body (MAb) 44-3A6 detects a cell surface 40 kD protein which is frequently expressed by
adenocarcinomas and by select normal glandular tissues. Detectable expression of this pro
tein was seen at different time periods during fetal development depending on the tissue.
This expression was confined to a relatively small range of cell types and tissues; immunostaining was noted in select epithelial cells of the aerodigestive tract, exocrine pancreas,
neural tissues, renal tubules, and transitional urothelium, as well as in other tissues. This
immunostaining generally, but not invariably, corresponded with patterns previously
reported in benign and/or malignant neoplasms of adult tissues. In most instances, once
expression occurred within a tissue, it continued through gestation. These data show that this
tumor associated gene product is differentially expressed in a broad range of normal devel
oping human fetal tissues.

The expression of ‘normal’ fetal antigens
by malignant neoplasms has long been ap
preciated, while their possible roles in carci
nogenesis remain in question [1, 2], It is
unclear as to whether these substances may

cause the cancer to express its malignant
properties, or if they are otherwise associ
ated with the transformation process. Their
1 This work is dedicated in the memory of S.G.
Combs. It was supported by a Veterans Administra
tion Merit Review grant to J.A.R.
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Materials and Methods
Hematoxylin and eosin-stained tissue sections
from conventionally formalin-fixed and paraffin-em
bedded autopsied fetal specimens were examined.
Only cases less than 12 h post-mortem were used to
minimize artifactual destruction and autolysis, and to
improve antigen preservation. Tissue specimens that
revealed poor cellular detail or anomalies were dis
carded. Twenty-five human fetal autopsies of gesta
tional ages of 9, 18, 19, 20, 21, 22, 23-24, 26, 26-27,
27, 28, 29, 30, 35, 37, and 42 weeks were studied.
Tissues from 12 males and 12 females were examined
including: brain, trachea, lung, heart, esophagus,
stomach, duodenum, ileum, colon, pancreas, liver,
adrenal gland, kidney, prostate, bladder, ovary, uter
us, cervix, testes, thymus, bone marrow, and thyroid.
The gender of the 9-week-old fetus could not be estab
lished.
Immunoperoxidase staining was performed on 6pm sections using the avidin-biotin complex tech
nique (Vector Laboratories, Burlingame, Calif.) as
previously described [7, 8]. Culture supernatant con
taining the MAb 44-3A6 was used undiluted and con
tained 1-2 pg/ml of antibody. Visualization of anti
gen-antibody complexes was accomplished using 3,3'diaminobenzidine tetrahydrochloride; sections were
subsequently counterstained with hematoxylin for
2 min. Controls included the omission of primary
antibody, and the use of a nonspecific antibody. In
addition, a known positive tumor was simultaneously
stained as an internal positive control. The produc
tion and characterization of the MAb 44-3A6 has
been reported elsewhere, as well as the detailed de
scriptions of all methods and materials [7],

Results
In all instances, serial sections were
stained with the MAb 44-3A6, no primary,
or an isotypic identical MAb.
Immunostaining of various organ systems
with MAb 44-3A6 was noted beginning as
early as 18 weeks and continuing to birth
(38-42 weeks) and is summarized in table 1.
Immunoreactivity was noted in various epi-
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existence has led to a search for additional
fetal antigens to aid in understanding the
biology of tumors, to distinguish normal
from malignant growth processes, and to
classify subtypes of tumors.
Oncofetal gene products have been impli
cated in tumor growth mechanisms because
they are expressed in maturing and rapidly
growing fetal tissues. The developing fetus
shares many characteristics associated with
malignant tumors e.g., rapid growth, differ
entiation of cell types, escape from destruc
tion by the immune system, and the expres
sion of select gene products [3-6]. Therefore,
an improved understanding of the expres
sion patterns of genes which are regulated at
various points in the developmental pro
gram of the human fetus may provide an
insight into their aberrant expression during
neoplastic growth.
The expression of the antigen recog
nized by MAb 44-3A6 is well preserved in
formalin-fixed paraffin-embedded tissues.
This MAb has been shown by RIA and
Western blot analysis to react specifically
with a 40 kD cell surface protein expressed
by the human adenocarcinoma cell line,
A549 [7], This antigen has been found to
have select reactivity among human tumor
cell lines, primary pulmonary neoplasms,
and other normal and neoplastic tissues.
In light of these findings, a systematic im
munohistochemical study was performed
in order to define the distribution of this
adenocarcinoma-associated antigen in hu
man fetal tissues at various gestational
stages. The mapping of this gene product
during fetal development may provide
clues as to which organs or cell types may
express this antigen in malignancies other
than those already known to express this
antigen.
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Table I. Expression of the antigen recognized by MAb 44-3A6 during human gestation
Week
18
Adrenal
Bladder
Brain
Colon
Esophagus
F. gen.tr.
Heart
Kidney
Liver
Lung
Pancreas
Placenta
Small in.
Spleen
Stomach
Testes
Thymus
Thyroid
Trachea
Umbl. cord

19

20

21

22

23/24

24

26

26/27

27

28

29

30

35

37

42

<*■
<-

thelial cell types of the gastrointestinal tract.
This system also showed a continuum of
staining throughout development for select
cell types. In the esophagus, no immunoreac
tivity was evident except in 1 rare case in
which the squamous epithelium weakly
stained at 22 weeks of gestation. Parietal and
chief cells of the stomach showed strong
cytoplasmic staining from 21 weeks to 29
weeks (fig. 1). In the small bowel, there was
only rare weak staining of enterocytes at
weeks 22-24 and no staining was observed
in the colon.
Hepatocytes showed immunostaining be
ginning at 18 weeks, and continuing to 38-

42 weeks. However, the staining pattern
within these tissues was variable. Bile duct
epithelium showed cytoplasmic-like immu
noreactivity; however, staining was only
seen at 18 weeks. Immature white blood cell
precursors in hematopoietic islands in the
liver showed intense imunoreactivity. Stain
ing within the pancreas was noted in acinar,
islet, and ductal cells. They appeared as uni
formly stained cells, and were observed at
week 22 to weeks 38-42 (fig. 2). The stron
gest immunoreactivity was noted in acinar
cells.
Immunostaining in the genitourinary sys
tem was frequently seen. Within the kidney,
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Immunoreactivity was seen in those tissues during the times indicated by the arrows. Blanks represent weak
or no staining.
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Fig. 1.Strong immunoreactivity
is noted in the chief cells of the fetal
stomach while weaker staining is
seen in a few parietal cells at 21
weeks. X 112.

apparent cytoplasmic reactivity was noted in
the cells of the proximal tubules. Cells within
the collecting ducts also showed immunore
activity which was more intense than that
noted in the proximal tubules. This reactiv
ity began at 18 weeks and continued to week
35 (fig. 3). The glomeruli were not immunostained throughout the developmental time
periods studied. Transitional cell epithelium
of the renal pelvis and bladder showed
strong cytoplasmic and/or membrane stain
ing during these time periods (fig. 4, 5).

In the testis, immunoreactivity in the in
terstitial cells was noted beginning at week
19 and continuing up to week 26. Immunostaining was rarely seen in the seminiferous
tubules at 22 weeks. Female genital tract tis
sue displayed no staining except in ovarian
oocytes. Tissues from the uterus and cervix
showed no immunoreactivity throughout the
developmental periods studied.
Immunoreactivity in the respiratory tract
was limited to cytoplasmic-like staining of
bronchial epithelial cells, alveolar lining
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Fig. 2. Strong immunoreactivity
is noted within the pancreatic aci
nar cells at 26 weeks. X 112.
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Fig. 3. Collecting ducts of the
kidney show strong immunostaining of the tubular epithelium at 28
weeks. X 112.

Fig. 5. Strong immunostaining
of the transitional cells of the blad
der epithelium. X 112.
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Fig. 4. Transitional cells of the
renal pelvis showing strong immunoreactivity. X 112.

cells, and type II pneumocytes, beginning at
week 19 and continuing to maturity (fig. 6).
In addition, bronchial cells of the trachea
showed strong immunoreactivity, while only
weak and focal staining was noted in the
peritracheal seromucinous glands. In the en
docrine system, the distribution and inten
sity of immunostaining varied. Thyroid tis
sues showed spotty focal cytoplasmic-like
reactivity in follicular cells; this staining pat
tern was seen at 22, 26, and 42 weeks. In
contrast, adrenal cortical tissue showed cytoplasmic-like staining, especially within the
zona fascicularis and reticularis, beginning
at 19 weeks and continuing to maturity. Ad
renal medullary cells showed no immunore
activity.
Immunostaining in cardiac muscle cells
was noted, beginning at weeks 18-24, and
then from week 29 to 37. Endothelial cells
showed no immunoreactivity.
Tissue from the central nervous system
showed immunoreactivity in ependymal
cells lining the ventricles, and in the choroid
plexus (fig. 7, 8). Peripheral nerves did not
stain.
In adjacent serial sections of all the afore
mentioned samples, both the no primary
control and isotypic identical MAbs demon
strated a lack of reactivity. A known positive
tu m o r sp e c im e n w as s ta in e d s im u lta n e o u sly

with the fetal tissue sections and showed
intense immunoreactivity.

Discussion
Immunohistochemical analysis of human
fetal tissues with 44-3A6 demonstrated that
a comparatively limited number of normal
human tissues expressed this tumor-associ
ated antigen. These results indicate that the

gene encoding this protein is differentially
expressed during the normal developmental
program of the human fetus, and that the
expression is limited to select cell types
within various tissues.
Recently, we have reported that the extra
cellular concentration of calcium can in
fluence the intracellular free calcium concen
trations within the human adenocarcinoma
cell line, A549 [9], These studies demon
strated that calcium can influence the ex
pression of this antigen, in that increased
concentrations of calcium resulted in the in
creased expression of this antigen. It is not
clear at the present time, whether or not this
is a direct effect, or if it is an epiphenomenon. However, it is interesting to note that
the expression of this antigen is most fre
quently seen in cell types which are associ
ated with glandular functions [10]. This is
true in both fetal and adult tissues, with the
exception of neural, urinary tract, and car
diac tissues. All of these tissues however,
have unique physiological processes which
are calcium-linked.
Previous immunohistochemical studies
of tumors arising in human breast and lung
tissue have demonstrated that select histo
logical subtypes of these tumors express de
tectable levels of this antigen, and that their
corresponding normal adult tissues have a
more restricted pattern of expression [10],
Within pulmonary neoplasms, which have
been extensively studied, adenocarcinomas
frequently express this antigen, as well as
other select subtypes [11-14], Among those
subtypes which express this antigen are the
large cell carcinomas. In a study of this sub
group of pulmonary neoplasms, we con
firmed that the expression of this antigen is
frequently seen in these tumors, and that
there is a very good correlation with the
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Fig. 6. Immunostaining of the
alveolar lining cells of the fetal lung
at 21 weeks. X 112.

Fig. 8. Strong immunoperoxi
dase staining of the cells of the
choroid plexus. X 112.
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Fig. 7. Ependymal cells lining
the brain ventricle showing strong
immunoreactivity. X 112.
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sessing the expression pattern of tumors aris
ing in tissues not yet studied, but which fre
quently express this antigen during fetal de
velopment.
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sues (adrenal, hepatic, urinary tract, neural,
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in this study, may be useful in predicting
which tumors or subsets of tumors arising in
these tissues may also express this antigen.
The predictive pattern of negative findings
for tumors arising in the esophagus, ovary,
uterus, colon, prostate, and bone marrow
correlates well with the finding reported
herein [unpubl. data: 10]. In addition, pre
liminary studies on the expression of the
antigen in tumors arising in the stomach are
consistent with the expression found in this
study.
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opmental pattern of expression. Ongoing
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tissues. Molecular studies of the regulatory
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trolled expression for fetal tissues in utero, as
well as malignant neoplastic growth in post
natal life. Other studies are directed at as
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