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Carcinoembryonic Antigen Family Members
CEACAMG6 and CEACAM7 Are Differentially
Expressed in Normal Tissues and Oppositely
Deregulated in Hyperplastic Colorectal Polyps and

Early Adenomas
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Four members of the carcinoembryonic antigen
(CEA) family, CEA, CEACAM1 (BGP), CEACAM6
(NCA-50/90), and CEACAM?7 (CGM2), are coexpressed
in normal colorectal epithelia but are deregulated in
colorectal cancers, where they could play a role
in tumorigenesis. As a basis for functional studies,
their expression patterns in normal tissues first need
to be clarified. This is well documented for CEACAM1
and CEA but not for CEACAM6 or CEACAM7. We have
now carried out immunohistochemical expression
studies on 35 different organs, using CEACAM6-spe-
cific (9A6) and CEACAM7-specific (BAC2) monoclonal
antibodies. CEACAM7 was only found on the apical
surface of highly differentiated epithelial cells in the
colorectal mucosa and on isolated ductal epithelial
cells within the pancreas. CEACAMG6 was expressed in
granulocytes and epithelia from various organs.
CEACAMG6 and CEACAM7 expression correlated with
apoptosis at the table region of the normal colon, and
both were absent from highly proliferating cells at
the base of colonic crypts. CEACAM6 revealed a
broader expression zone in proliferating cells in hy-
perplastic polyps and adenomas compared with nor-
mal mucosa, whereas CEACAM7 was completely ab-
sent. Down-regulation of CEACAM7 and up-regulation
of CEACAMO expression in hyperplastic polyps and
early adenomas represent some of the earliest observ-
able molecular events leading to colorectal tumors.
(Am J Patbol 2000, 156:595—-605)

The lumen of the normal colon has an enlarged surface
area, in the form of crypts whose main functions are the
resorption of water and salts as well as mucous secretion.

These crypts are coated with a single layer of epithelial
cells, which are continuously being regenerated from
stem cells located at the base of each crypt." After divi-
sion, some daughter cells regenerate stem cells,
whereas the rest differentiate into four main epithelial cell
types: colonocytes, goblet cells, M-cells, and endocrine
cells. During their differentiation, these cells migrate up
the crypts to the table region between the crypts and are
finally exfoliated into the intestinal lumen. Although the
turnover of epithelial cells in the small intestine is rela-
tively similar, one major difference becomes apparent. In
humans, colorectal epithelia are much more prone to
malignant transformation, and for this reason it is impor-
tant to understand their normal regulation and to deter-
mine any differences that become apparent in trans-
formed cells. Colorectal tumor development is a multistep
process that is known to depend on the deregulation or
mutation of certain critical genes. It is generally accepted
that adenomas represent the first stage of neoplasia, and
one of the earliest molecular changes leading to the
development of adenomas is mutation in the tumor sup-
pressor gene APC.2 Certain oncogenes are also often
mutated in adenomas (eg, K-RAS). Although the mecha-
nism has not yet been elucidated and their role in tumor-
igenesis is unclear, members of the carcinoembryonic
antigen (CEA) gene family also become deregulated in
adenomas.®* From a clinical view, it would be of para-
mount interest to be able to recognize neoplastic growth
as early as possible. For example, hyperplastic polyps
may be precursors of neoplasia. Indeed, patients with
hyperplastic polyps have been reported to have an in-
creased risk of developing adenomas.® Among the hy-
perplastic polyps analyzed from 22 patients, none were
found to contain APC mutations, but five carried a K-RAS
mutation.® Thus hyperplastic epithelial cells may already
be primed for neoplastic transformation. It would be of
particular clinical interest to clarify the existence of a
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neoplastic predisposition in hyperplastic polyps. This
could be approached by documenting molecular differ-
ences in hyperplastic polyps and normal colorectal epi-
thelial cells. In this context, it would be interesting to see
if other markers of neoplasia (eg, members of the CEA
family) are deregulated in hyperplastic polyps.

CEA is a classical tumor marker for several types of
adenocarcinoma, especially those of colorectal origin.”
Although it is much more prevalent in colorectal tumors
compared to the corresponding normal tissue, this may
be due to differences in clearance rather than to differ-
ential expression.? CEA is the name-giving member of a
family of molecules, three members of which are coex-
pressed with CEA in the normal colorectal mucosa.® Ac-
cording to the new official nomenclature system decided
at the 9th International CEA/PSG Workshop (Ratzeburg,
Germany, September 1998), these three family members
are CEACAM1 (formerly BGP), CEACAMG (formerly NCA-
50/90), and CEACAM?7 (formerly CGMZ2)."° In colorectal
cancers, these family members become deregulated.
CEACAM1 is down-regulated,”’ whereby both mouse
(formerly Bgp) and rat CEACAM1 (formerly C-CAM) have
been shown to block proliferation after transfection into
colorectal and prostatic tumor cell lines.'*'® CEACAM7
reveals an expression pattern similar to that of CEACAM1
in the normal colonic mucosa and is down-regulated in
colorectal tumors; however, nothing is known about its
function and the protein is not well characterized to date.
Interestingly, CEACAMG6 expression is up-regulated in
colorectal tumors compared to the normal mucosa,”
suggesting a role opposite to that of CEACAM1 and/or
CEACAM?Y during colorectal tumorigenesis. Although it is
known that CEACAMG is expressed in different tissues, '
no systematic analysis has been carried out to date to
determine its expression pattern in the human body.
Apart from its putative role in colorectal tumorigenesis,
CEACAMSG, along with other CEA family members, has
also been reported to serve as a receptor for mediating
adherence and entry of Neisseria bacteria into human
tissues.' Thus knowledge of their expression in a given
tissue should give an indication of susceptibility to Neis-
serial infections.

In this study we developed and tested a new mono-
clonal antibody against CEACAM7 (BAC2), as a previ-
ously developed CEACAM7 monoclonal antibody named
CAC2® has since been found to cross-react with
CEACAMG. We then used this specific BAC2 monoclonal
antibody to analyze CEACAMY7 expression and have
compared it to that of CEACAMS in 35 normal organs and
during development in the fetal colon by immunohisto-
chemical staining. Their expression patterns were also
compared in hyperplastic colorectal polyps and adeno-
mas of various histological types. Finally, CEACAM6 and
CEACAMY expression in the normal colon has been com-
pared to the expression of Ki67 (a marker for cell prolif-
eration) and CD95 (a marker for apoptotically sensitive
cells), as well as cells that have undergone apoptosis,
which has been assessed by a DNA degradation
(TUNEL) test.

Materials and Methods

Tissue and Tumor Source

All adult and fetal organs were from the Institute of Pa-
thology, University Hospital, Freiburg. Adenomas and hy-
perplastic colorectal epithelia were provided by the De-
partment of Surgery, University Hospital, Freiburg. The
tissues were fixed in 4% paraformaldehyde in phosphate-
buffered saline (PBS) (10 mmol/L NaH,PO,, 43 mmol/L
K,HPO,, and 123 mmol/L NaCl) for 24-48 hours, fol-
lowed by a 24-hour incubation in 0.5 mol/L sucrose in
PBS before being embedded in Jung Freeze medium
(Leica Instruments, Nussloch, Germany), which was di-
luted with an equal volume of water. This was followed by
freezing on dry ice or direct freezing in a cryomicrotome
at —40°C. Alternatively, unfixed tissues were transported
in Dulbecco’s modified Eagle’s medium (DMEM) and
directly embedded and frozen. Frozen blocks were
stored at —70°C before cryosectioning.

Cryosectioning, Immunohistochemistry, and
Determination of Apoptotic Cells

Cryosections of 7 um thickness were made on a Frigocut
2700 cryotome (Reichert and Jung/Leica Instruments,
Nussloch, Germany) and transferred to Superfrost slides
(Roth, Karlsruhe, Germany). After drying under a hood at
ambient temperature for 30 minutes, the sections were
stored at —70°C before immunostaining.

The following monoclonal antibodies were used for
immunohistochemical staining: 9A6, which has been
shown elsewhere to be specific for CEACAMG'®; 4/3/17,
which recognizes CEACAM1 and CEA'”; 26/3/13, which
has specificity for CEA'®; CAC2® and BAC2 (see below),
which, respectively, recognize and are specific for
CEACAMY7; Mib-1 (Dako, Hamburg, Germany), which
recognizes Ki-67; and Ab-1 (Pharmingen, Hamburg, Ger-
many), which is specific for the human FAS receptor
(CD95). In all cases, peroxidase-labeled, rabbit anti-
mouse IgG or IgM, with minimal cross-reactivity to human
serum proteins (Dianova, Hamburg, Germany), was used
as the second antibody. Immunostaining was as de-
scribed previously.™ Briefly, the sections were thawed
for 15 minutes at ambient temperature under a hood and
rehydrated for 3 minutes in PBS. Endogenous peroxidase
activity was blocked by incubation in 0.3% H,O, in meth-
anol for 30 minutes, and the sections were washed in
PBS. The sections were preincubated in 3% ovalbumin/
PBS (Sigma, Deisenhofen, Germany) for 30 minutes in a
moist chamber, washed in PBS, and incubated at 4°C for
12-16 hours with the monoclonal antibodies at a concen-
tration of 5-10 ug/ml PBS, or using undiluted hybridoma
supernatants for BAC2 (see below). As negative controls,
sections were incubated in PBS or cell culture medium.
After washing in PBS, the peroxidase-coupled second
antibody was used at a concentration of 5-10 ug/ml PBS
for 1-2 hours at ambient temperature. The color reaction
was achieved using diaminobenzidine as substrate.
Counterstaining was omitted or was very brief (1 s) with



Mayer’'s hemalaun. After dehydration, the sections were
mounted in VitroClud (Leica Instruments) for microscopy.

Apoptotic cells were visualized with the Cell Death
Detection Kit POD (Boehringer Mannheim, Mannheim,
Germany) according to the manufacturer’s instructions.

Development of a CEACAM7-Specific
Monoclonal Antibody and Specificity Testing

The development of monoclonal antibodies that recog-
nize CEACAM7 has already been described.® The same
procedure was used to immunize a second CEA-trans-
genic mouse for the establishment of hybridoma cells
that produce antibodies that recognize a CEACAM7/hu-
man IgG-Fc fusion protein but not a Ceacam10 (formerly
Ceal0)/human IgG-Fc fusion protein, proving specificity
of the antibodies for the CEACAM7 moiety. One clone
(BAC2) was expanded after the first subcloning step.
Specificity testing was carried out by FACScan analyses
against various Hela or Chinese hamster ovary (CHO)
cell lines that had been stably transfected with cDNA
expression vectors for individual members of the CEA
family, as described previously.® The PSG1 transfectant
and the monoclonal antibody BAP1 have been described
elsewhere.?® A newly developed CHO transfectant was
included that expresses CEACAM7 and was recently
developed in our laboratory with the use of CEACAM7
cDNA that was described elsewhere.®" This cDNA was
subcloned into the pBHE expression vector before trans-
fection using lipofectamine, according to the manufactur-
er’s instructions (Life Technologies, Eggenstein, Germa-
ny). Stable transfectants expressing CEACAM7 were
identified by FACScan analyses using the CEACAM7/
CEACAMS-recognizing monoclonal antibody CAC2.3

Results

BAC2 Monoclonal Antibody Reveals Specificity
for CEACAM7

The specificity of the newly developed BAC2 monoclonal
antibody was determined in FACScan analyses against
Hela transfectants that each stably express CEA,
CEACAM3 (formerly CGM1), CEACAM6, CEACAMS (for-
merly CGM6/NCA-95), and a recombinant membrane-
bound PSG1 on their surfaces and against CHO trans-
fectants that each stably express CEACAM1, CEACAMA4
(formerly CGM7), and CEACAMY. As a negative control,
transfectants that have stably integrated the empty
expression vector (Hela-neo) or the parental cells
(CHO-K1) were tested. Positive controls were carried
out for each transfectant, using a monoclonal antibody
(D14HD11) that recognizes CEACAM1, CEACAMS,
CEACAM4, CEACAMG6 and CEA, or a monoclonal anti-
body (80H3) that recognizes CEACAMS8, a monoclonal
antibody that recognizes PSG (BAP1), as well as the
CAC2 monoclonal antibody that recognizes CEACAM?7.
These results are summarized in Figure 1. It is obvious
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Figure 1. Determination of specificity of the BAC2 monoclonal antibody for
CEACAM7 by FACScan analyses. Stable transfectants expressing individual
CEA family members were incubated with BAC2 to determine its specificity.
Stable transfectants expressing CEACAM1, CEACAM4, and CEACAM7 are
CHO cells and CEA, CEACAM3, CEACAM6, CEACAMS, and a recombinant
membrane-bound PSG1 are Hela cells. As negative controls, the parental
CHO-K1 and HeLa-neo cells were both negative with all antibodies (not
shown). For each transfectant, an isotype-matched murine IgG was also
included as a negative control, and the mean fluorescence values (ranging
from 2 to 10), were subtracted from the values obtained with BAC2 or the
positive control antibodies. The D14HD11 antibody was used as a positive
control for the CEA, CEACAM1, CEACAM3, CEACAM4, and CEACAMG trans-
fectants, 80H3 was used for CEACAMS, BAP1 was used for the PSG1 trans-
fectant, and CAC2 was used for CEACAM7. The ratio of the mean fluores-
cences obtained with BAC2 and the respective positive control antibody
(X100) was calculated (relative reactivity). The mean fluorescence values of
the control antibodies were between 260 and 880.

that BAC2 only reacts with the CEACAM7 transfectant
and recognizes no other CEA family transfectants.

To rule out any cross-reactivity of BAC2 with CEA,
CEACAM1, CEACAMBG, or PSGs in immunohistochemical
analyses, its staining pattern was compared with that of
other CEA family-recognizing monoclonal antibodies with
known specificities. These results are summarized in Ta-
ble 1. CEACAM1 was found in the liver, kidney, subman-
dibulary gland, and placenta, using the 4/3/17 monoclo-
nal antibody, which recognizes CEACAM1 and CEA (the
latter is absent from these organs). BAC2 did not stain
these organs and thus does not cross-react with
CEACAM1. Negativity of BAC2 in the placenta also rules
out cross-reactivity with PSG subgroup members of the
CEA family. A CEACAM®6-specific monoclonal antibody
(9A6) and CAC2 stained granulocytes in the bone mar-
row, whereas BAC2 did not. Finally, cross-reactivity
against CEA and CEACAMSG could be ruled out because
CEA and CEACAMG6-positive colorectal tumors were not
stained using BAC2, whereas CAC2 did reveal cross-
reactivity. Cross-reactivity of CAC2 was not recognized in
previous immunohistological analyses under the condi-
tions used.® Only colonic epithelial cells were stained
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Table 1. Immunohistochemical Specificity Test for BAC2 Monoclonal Antibody
Monoclonal antibody BAC2 CAC2 9A6 26-3-13 4-3-17
Antigen recognized CEACAM7 CEACAM6 + CEACAM7 CEACAM6 CEA CEA + CEACAM1
Colon + + + + +
Colon carcinoma - + + + +
Liver - - - - +
Kidney - - - - +
Submandibulary gland - + + - +
Placenta - - - - +
Granulocytes - + + - +

+, positively staining cells.

with BAC2 in these tests, confirming the specificity of this
newly developed monoclonal antibody for CEACAM?Y.

Expression of CEACAMG6 and CEACAMY in
Normal Adult and Fetal Tissues

To gain more insight into the possible functions of
CEACAMG6 and CEACAM?Y, their expression was investi-
gated in a variety of normal tissues. For these analyses,
35 different organs and tissues were tested with the
antibody 9A6, which has been shown elsewhere to be
specific for CEACAMG6'® and the CEACAM7-specific an-
tibody BAC2. The results of these immunohistochemical

analyses are summarized in Table 2, and chosen exam-
ples are depicted in Figure 2. Tissues from between two
and five individuals were tested in most cases, apart from
thyroid, adrenal gland, heart, urether, bladder, and bone
marrow, which were only tested from one individual each.
Maximum staining intensity was achieved on nonfixed
cryosections.

CEACAMY revealed a very narrow expression pattern,
being restricted to highly differentiated epithelial cells in
the upper fifth of the colorectal crypts (Figures 2a and 3j)
and to the apical surface of isolated epithelial cells lining
small ducts within the pancreas (Figure 2b). All other
tissues and organs tested were negative for CEACAM7

Table 2. Immunohistochemical Analysis of CEACAMG6 and CEACAM7 Expression in Different Normal Organs and Tissues

Monoclonal antibody 9A6 BAC2
antigen recognized CEACAM6 CEACAM7 Expression pattern

Tongue + - Upper third of squamous epithelia

Esophagus + - Squamous epithelia

Stomach body + - Single crypts, luminal cells

Duodenum - -

Jejunum - -

lleum - -

Appendix + + Epithelia, upper fifth of crypt for each antigen

Colon + + Epithelia, upper fifth of crypt for each antigen

Thyroid gland - -

Submandibular salivary gland + - Mucous epithelia most prominent

Anterior lingual gland + - Mucous epithelia most prominent

Pancreas + + Small ducts, with BAC2 only individual cells

Breast + - Some breast ducts

Adrenal gland - -

Liver + - Granulocytes

Gall bladder + - Apical epithelia

Lung + - Pneumocytes, bronchiole epithelia, granulocytes

Kidney - -

Bladder - -

Skin + - Eccrine sweat glands, hair follicles, squamous epithelia

Bone marrow + - Myeloid cells

Tonsils + - Epithelia and granulocytes

Spleen + - Myeloid cells

Prostate gland + - Single ducts

Fallopian tube - -

Cervix + - Squamous epithelia

Uterus - -

Ovary —

Testis - -

Seminal vesicle -

Epididymus - -

Heart -

Urether - -

Umbilical cord + - Amnion epithelia

Placenta + - Amnion epithelia
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Figure 2. Immunohistochemical staining of different human tissues, using monoclonal antibodies to determine the expression patterns of CEACAM6 and
CEACAM?7. Cryosectioned tissues were incubated with BAC2 to locate CEACAM7 (a and b) or with 9A6 to locate CEACAMG (¢-D), followed by a peroxidase-labeled
anti-mouse antibody, staining with diaminobenzidine and counterstaining with Mayer’s hemalaun. The following tissues are shown: a: colon, showing CEACAM7
on absorptive epithelial cells (arrow) and goblet cells (arrowhead); b: pancreatic duct; ¢: lung, showing CEACAMG expression in pneumocytes (arrows),
bronchiolar epithelia (filled arrowheads), and granulocytes (open arrowheads); d: esophagus; e: pancreas; f: submandibular salivary gland; g: prostate gland,
h: breast; i: eccrine sweat gland; j: stomach; k: placenta, amnion epithelia; and 1I: gall bladder. Magnification bars, 100 um (a, d, g, h, and k), 50 um (b, f, i, and
D, and 200 um (c, e, and j).

(Table 2). In contrast, CEACAMG6 revealed a compara-
tively broad expression pattern, being found in granulo-
cytes (Figure 2c) and in epithelial cells in a variety of
organs (Figure 2, d-I). Positively staining squamous ep-
ithelia reveal nonpolarized cell surface localization and
cytoplasmic staining (Figure 2d) In simple epithelia,
CEACAMG6 was present on the apical surface. Organs
rich in granulocytes (eg, bone marrow and spleen) re-
vealed CEACAMG6 positivity in those cells (data not
shown).

In addition, the expression of CEACAM6 and
CEACAM7 was also investigated during fetal develop-
ment of the colon and compared to that of CEA. Six
fetuses ranging from the 18th to the 35th weeks of preg-
nancy as well as colon from a 2-day-old child, a 10-day-

old child, and an adult were used for this study. All three
CEA family members revealed an apical expression
throughout development (Figure 3, a—c), which was con-
tinued post partum. Whereas CEA was expressed on the
apical surface of all epithelial cells down to the base of
the crypt, CEACAMG was only found in the upper half and
CEACAM?Y in the upper third of the developing crypts. In
contrast to CEA and CEACAM6, CEACAMY also revealed
a strong perinuclear staining in the epithelial cells of the
upper crypt throughout fetal development (Figure 3a),
which became strongly reduced at day 2 and was no
longer seen at day 10 post partum. Chromogranin stain-
ing was also carried out on a serial section at the 24th
week of pregnancy to identify enterochromaffin cells. The
CEACAMY perinuclear staining pattern did not match that
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Figure 3. Immunohistochemical analysis of CEA family expression in fetal and adult colon, a tubular adenoma, and a hyperplastic polyp and comparison with
cellular proliferation and apoptosis. Cryosectioned tissues were incubated with BAC2, which recognizes CEACAM7 (a, d, g, and j); 9A6, which is specific for
CEACAMG (b, e, and h); 26/3/13, which locates CEA (¢ and £); Ki-67 to identify highly proliferating cells (i); and Ab-1, which recognizes the human FAS receptor
CD95 (K). Peroxidase-labeled anti-mouse antibody and diaminobenzidine staining were used to visualize labeling. Apoptotic cells in the table region of colonic
crypts were identified with the TUNEL method to determine DNA degradation (1, brown staining). For counterstaining, Mayer’s hemalaun was used in all cases.
The following tissues are shown: fetal colon from the 24th week of pregnancy (a—c), where arrowheads indicate apical cell staining and arrows show
perinuclear staining (lu = lumen), a tubular adenoma (d—f, i), a hyperplastic polyp (g and h), including 2:1 magnifications of sections of the polyp and adjacent
mucosa (h, insets) and normal colon (j-1), including PAS staining (j). The table region between crypts (j, inset) was studied by TUNEL analysis (1). Magnification
bars, 25 um (a—c), 500 um (d—f, i), 200 wm (g and h), 100 um (j and k), and 50 um (D).

of the enterochromaffin cells, which were few in number
and were located at various positions throughout the
crypts (data not shown).

CEACAME and CEACAMY Are Oppositely
Deregulated in Hyperplastic Polyps and
Adenomas

To determine when CEACAM6 and CEACAMY7 become
deregulated during tumorigenesis, their expression pat-
terns were investigated in 25 colorectal polyps. In five
cases, only biopsy specimens were studied, otherwise
whole adenomas with adjacent mucosa were analyzed.
These results are summarized in Table 3. Eight polyps

were hyperplastic, and the rest represented adenomas of
various sizes and morphological types (12 tubular, four
tubulovillous, and one adenoma with atypia). CEACAMG6
was expressed in all polyps (25/25) and often revealed a
broader expression zone in the upper crypt epithelia than
in the adjacent mucosa (21/25; Figure 3h). In parallel, a
loss of polarity was observed, with expression seen not
only on the apical surface but throughout the cytoplasm
and on the basolateral cell membranes (Figure 3h, inset).
In one tubular adenoma, no broader expression zone
was found for CEACAMS, but many granulocytes within
the polyp stained positive, indicating inflammation (Fig-
ure 3e). In comparison, CEA is shown to be located down
to the base of the crypts and throughout the same tubular
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Table 3. Expression of CEACAM6 and CEACAM7 in Polyps and Adjacent Mucosa

CEACAMY expression*®

CEACAMBG expression’

Polyp size
Polyp (mm) Polyp Normal mucosa Polyp Normal mucosa
Hyperplastic polyps
1+ 05x%x10 - - ++ +
2 1.5%x0.5 - + +/— +
3* 1.0%x 1.0 - - ++ +
4+ 1.5x 1.0 - - ++ +
5 20x 0.5 — + ++ +
6 2.0x 2. — + + +
7* 20x%x20 - - ++ +
8t 2.0x 2.0 - - ++ +
Tubular adenomas
of 15X 1.0 - - ++ +
104 20x%x 1.5 - - ++ +
11 20x 15 — + + +
12 25x%x20 — + ++ +
13 3.0x 20 — + ++ +
14% 3.0x 3.0 - - ++ +
15 40x20 — + + +
16+ 5.0 X% 5.0 - - ++ +
17 >5 — + ++ +
18 <5 — + ++ +
19 <10 — + ++ +
20 14.0 X 12.0 — — ++ +
Tubulovillous adenomas
21 4.0 X% 4.0 — + ++ +
22 <5 — + ++ +
23 >5 — + ++ +
24 11.0x 11.0 — + ++ +
Adenoma with atypia
25 14.0 X 10.0 — + ++ +
*Expression of CEACAM7 was found on the apical surface of epithelial cells from the upper fifth of the crypts (+) or was absent (—); it was always

absent from polyps.

TExpression of CEACAMSG in polyps revealed either a broader expression zone (++), or was comparable (+), or was reduced (+/—) compared to

the adjacent mucosa (+).

*These tissue samples were fixed with formaldehyde for more than 4 days; all other samples were unfixed or fixed for <2 days.

adenoma (Figure 3f). In contrast, CEACAM7 was absent
from all 16 polyps that could be analyzed for CEACAM7
expression. The adjacent mucosa was positive for
CEACAM?Y in all but one case (15/16). The loss of expres-
sion of CEACAM?Y is shown in a tubular adenoma (Figure
3d) and in a hyperplastic polyp (Figure 3g).

CEACAME6 and CEACAMY Expression Correlate
with CD95 Expression and Apoptosis in Normal
Colon

The FAS receptor CD95 can induce apoptosis after inter-
acting with its ligand, FAS, and is therefore a marker for
cells that are predisposed to apoptosis. With the use of
the CD95-specific monoclonal antibody Ab-1 for immu-
nostaining, the FAS receptor was found to be expressed
basolaterally on epithelial cells from the table region at
the top of the crypts in the normal colon (Figure 3k).
Therefore, in normal colon the expression of CD95 ap-
pears to overlap with that of CEACAM6 and CEACAM?,
which are also expressed in the upper parts of the crypt
(Figure 3, g, h, and j).

To determine which cells have undergone apoptosis,
DNA fragmentation was investigated on sections with the
terminal deoxynucleotidyl transferase-mediated biotin-
dUTP nick end labeling (TUNEL) method. In the normal
colon, two regions within the crypt revealed the presence
of apoptotic cells. One region was toward the base of the
crypts (data not shown), and the other was in the table
region between adjacent crypts (Figure 3l). In the latter
but not the former case, this overlapped with CEACAM6
and CEACAM?7 expression.

Loss of CEACAMY7 Expression in Adenomas
Correlates with a Shift in the Localization of the
Zone of Highly Proliferating Cells

Ki-67 is a marker of proliferating cells. Its expression was
studied in normal colonic tissue and in polyps, using a
specific monoclonal antibody (Mib-1). Ki-67 was local-
ized in epithelial cells at the base of the crypts in the
lower fifth in the normal colon (Figure 3i). In the transition
region from normal colon to a hyperproliferative polyp,
Ki-67 localization moved toward the upper part of the
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crypts, and the basally located epithelial cells became
negative (Figure 3i). In the two adenomas studied, when
Ki-67 expression started to move up the crypts,
CEACAM7 expression at the top of the crypts disap-
peared (cf. Figure 3, i and d).

Discussion

In a previous publication we described the development
of monoclonal antibodies CAC1 and CAC2, which spe-
cifically recognized the CEACAM?7 protein in immunohis-
tochemical staining of colonic mucosa and did not stain
tumors or cross-react with other family members under
the conditions applied.® For those analyses, hybridoma
supernatants were used. Under these conditions, a weak
but definite cross-reactivity with CEACAM6 was ob-
served in FACScan analyses. In the meantime, these
antibodies have been purified, and now immunohisto-
chemical cross-reactivity has also been found against
CEACAMG (see Table 1). For this reason, we have devel-
oped a new monoclonal antibody (BAC2), using the
same procedure as described previously.®> BAC2 re-
vealed CEACAMY specificity in both FACScan (Figure 1)
and immunohistochemical (Table 1) analyses. With the
help of this reagent, we have now analyzed the expres-
sion pattern of CEACAMY7 in a large variety of normal
tissues.

Interestingly, CEACAM7 has a very narrow expression
spectrum, being found only on the apical surface of
highly differentiated epithelial cells of the rectum and
colon and on single epithelial cells lining pancreatic
ducts. In the colon, both absorptive and goblet epithelial
cells were positively stained (Figure 2a), which we previ-
ously reported CEACAM7-positive at the mRNA level by
in situ hybridization analyses.® CEACAM7 was absent
from all other tissues and organs that were tested, includ-
ing all other regions of the intestine. These data correlate
well with results gained from comparing the CEACAM7
cDNA sequence with data available in the dbEST gene
bank (www.ncbi.nlm.nih.gov/dbEST:??), an expression
data bank that has been compiled using a collection of
1.8 X 10° partial cDNA sequences from over 50 human
adult and fetal tissues. In this data bank, CEACAM7
sequences were found only in cDNA libraries from human
colon, colonic tumors, pancreas, and pancreatic islets.
The existence of CEACAM7 mRNAs in colonic tumors
and pancreatic islets is thought to be due to contamina-
tion from normal mucosa and pancreatic ducts, respec-
tively. Based on this assumption, it can be concluded that
the transcriptional and translational expression patterns
of CEACAMY are identical in normal tissues. This narrow
expression pattern indicates a highly specialized function
for CEACAM?Y in the pancreatic and colonic epithelial cells,
where it is expressed on the apical surface in both cases.

Despite the fact that the expression pattern of
CEACAMG is broader than that of CEACAMY with respect
to its presence in a variety of organs, it is generally
restricted to two cell types, ie, epithelial cells and myeloid
cells. Our studies confirmed the expression of CEACAM6
in the following tissues and cells, which has already been

described elsewhere: granulocytes, macrophages, and
monocytes®24; colonic epithelial cells'®; pneumocytes
and bronchiole epithelia®®; pancreatic ducts and tonsil
epithelia®®: sweat glands®’; and skin and hair follicles.?®
In addition, we have found CEACAMS in squamous epi-
thelia of the esophagus, cervix, and tongue. Single crypts
in the main part of the stomach expressed CEACAM®6 on
the luminal surface. Gall bladder epithelia revealed api-
cal staining. In the salivary glands, the mucous epithelial
cells were more strongly positive than the serous epithe-
lial cells. Some breast ducts expressed CEACAMG,
whereas others were negative. In the prostate gland,
CEACAMBG6 was found in single tubuli as well as in hyper-
plastic or neoplastic tubuli.

Although CEACAMY is apparently coexpressed with
CEACAMG6 and CEA in the fetal colon, one major differ-
ence is obvious. Whereas CEA and CEACAMG are api-
cally located throughout development, with some cyto-
plasmic staining also seen in fetal gut, CEACAMY is
primarily located at the base of the epithelial cells, in what
appears to be a perinuclear location. Shortly after birth
(day 2) the location of CEACAMY7 is much less pro-
nounced in the perinuclear region, and at day 10 it is only
found on the apical surface. The reason for this shift is not
understood, but as it correlates with birth, it indicates that
CEACAMT may be stored within the epithelial cells until
the intestine begins its normal functions. It also indicates
a unique function for CEACAM7 compared to CEA and
CEACAMBG in the colon. Interestingly, there are no novel
features recognizable in the primary structure of the de-
rived CEACAMY protein that would offer an explanation
for this phenomenon. All three CEA family members are
apparently GPI-linked to the plasma membrane,® al-
though sequence differences from the other CEA family
members in the hydrophobic GPI-signal region could
have some influence in holding CEACAM7 back in epi-
thelial cells of the fetal gut.

Despite the fact that CEACAM6 and CEACAM?Y reveal
similar expression patterns in the normal colonic mucosa,
being coexpressed in highly differentiated epithelial
cells, they become oppositely deregulated in hyperpro-
liferating mucosa, adenomas, and carcinomas. Whereas
CEACAM?Y is completely down-regulated, CEACAMG6 be-
comes up-regulated, with a broader expression zone at
the top of the hyperproliferating polyps or adenomas,
where the polarity of its expression is often lost. Rather
than being limited to the apical surface, CEACAM6 was
often seen on the whole of the outer membrane. It has
been reported elsewhere that CEACAMSG is up-regulated
in colonic'?° and other tumors,®° where it could play a
role in promoting tumor progression, as has been shown
for CEA.®"32 Indeed, it is known that both CEA and
CEACAMBG can function in vitro as cellular adhesion mol-
ecules, and this property has been suggested to influ-
ence tissue architecture.®® It has been suggested that
loss of polarity of CEA and CEACAMG6 might favor tumor
development by causing a reversion of the monolayered
adult colonic epithelium to an embryonic multilayered
configuration. Interestingly, we found that squamous ep-
ithelia often express CEACAM6 on the whole of their cell
surface, and they, too, reveal a multilayered arrange-



ment. It has also been reported that both CEA and
CEACAMBG, but not CEACAMA1, inhibit cell differentiation
when expressed ectopically in L6 myoblasts and adipo-
cytes and when overexpressed in colonocytes.® This
property would also favor tumor development. CEACAM7
might play an opposing role in tumor development, by
suppressing colorectal tumor growth. This is in analogy
with the tumor suppressor activity that has been shown
for rat and mouse CEACAM1 in prostatic'® and colonic
tumors."? Indeed, the expression pattern of CEACAM7
in the normal colon mucosa and its down-regulation
in adenomas/carcinomas are very similar to those of
CEACAM1.2 We previously postulated that these two
CEA family members, along with CEA and CEACAMS,
could form a functional molecular complex in the epithe-
lial cell membrane, as suggested for CEA family mem-
bers in granulocytes®* and similar to those found for other
immunoglobulin superfamily members (eg, B- and T-cell
receptors).3® Signal transduction via such a CEA family,
multimolecular complex could be modulated by the rela-
tive stoichiometries of the individual components. It has
been shown that CEACAM1 or its rodent equivalents can
interact with serine/threonine protein kinases,*¢3" ty-
rosine kinases,®*®3° and tyrosine phosphatases,*® so that
different signaling pathways via this molecule are plausi-
ble. Furthermore, the GPI-linked CEA family members
have also been shown to be involved in signal transduc-
tion, although the mechanism still remains unclear.’!
Thus, depending on the relationship of its components to
each other, such a CEA family complex may execute
either a tumor suppressor or a tumor-promoting effect
through different signaling pathways.

We have found apoptosis in epithelial cells located in
the upper crypt region of the colon, which confirms sim-
ilar data reported by others.*?~** Furthermore, expres-
sion of the FAS receptor, a putative initiator of apoptosis
in colonocytes, has been found in the same region, by us
and by other groups.*®€ It has been reported elsewhere
that after incubation of colon carcinoma cells with an
antibody that binds the FAS receptor, the tumor cells
detached from their substrate.*” Thus stimulation of the
FAS receptor could also lead to exfoliation of the epithe-
lial cells. Our data not only confirm the expression of the
FAS receptor and the presence of apoptotic cells, but
also reveal an overlap with CEACAM6 and CEACAM7
expression in those epithelial cells located in the inter-
cryptal table region of normal crypts. It has been shown
that expression of the FAS receptor is down-regulated in
most colorectal adenocarcinomas.*® This correlates with
the down-regulation of CEACAM7 in adenocarcinomas.
Indeed, we already find down-regulation of CEACAM7 in
hyperplastic polyps coupled with a slight reduction in the
number of apoptotic cells, compared with the neighbor-
ing normal mucosa. In the adenomas analyzed, there is a
more pronounced decrease in the number of apoptotic
cells compared with the surrounding mucosa (data not
shown). Therefore, the loss of CEACAMY7 expression in
polyps seems to parallel the reduction of apoptotic
events. Similar results for a reduction of apoptosis in
adenomas have been reported elsewhere,*® whereas
others describe an increase in apoptosis in hyperplastic
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polyps and adenomas compared with normal colonic
mucosa.®®*" Based on our observation that CEACAM?7 is
only expressed on fully differentiated epithelial cells in the
upper crypt region, the loss of CEACAM7 expression
suggests that the epithelial cell in the hyperplastic polyps
cannot fully differentiate. This loss of expression also
coincides with a shift in the proliferation zone in two
adenomas studied (determined by Ki-67 expression),
which moves from the base of neighboring normal crypts
progressively to the upper cryptal regions of the ade-
noma (Figure 3i). This Ki67 expression shift has also been
reported by others in colonic adenomatous polyps.*®
Despite these correlations it still remains to be proved
that CEACAM7 expression has any influence on apopto-
sis or cell proliferation in colonic epithelial cells from the
table region, but experiments are currently under way in
our laboratory to test this and other possible functions.

Expression of CEACAMS6 in the colon overlaps with
FAS receptor expression and apoptotic events in normal
crypts but not in adenomas. This apparent paradox may
be explained through the dysregulation of the putative
CEA family molecular complex discussed above, assum-
ing that these molecules are involved in tumorigenesis,
which, however, still remains to be proved. Although
further investigations are necessary to confirm these
speculations, based on the results gained thus far, it can
be stated that deregulation of CEACAM6 and CEACAM7
in hyperplastic polyps and adenomas represents some of
the earliest molecular changes in colonic cells that are
primed for neoplasia.
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