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of colorectal epithelia are potential candidates for regulating the
processes of proliferation, differentiation, and/or cell death. Deregu
lation or mutation of these genes may also play a role in the devel
opment of malignancy. Genes belonging to the CEA4 family are of
interest in this respect, because not only do their products represent
classical markers for colorectal cancer (4), but there is growing
evidence to show that at least one member, BGP, actually plays an
active role as a tumor suppressor (5, 6) and is down-regulated during
prostatic and colonic tumor development (7). CEA itself has been
shown to promote metastasis formation of human colonic tumors in
the liver of nude mice (8, 9). Although an active role has not yet been
determined for other members of the CEA family, some have also
been found to be deregulated during tumor development. In contrast
to BGP, NCA-50/90, which is encoded by the NCA gene, has been
reported to be up-regulated in colorectal tumors relative to the normal
mucosa (10, 11). More recently, we described the structure and

expression of CGM2, which is strongly down-regulated in colorectal
tumors compared to the adjacent mucosa (12). However, it still
remains to be shown that CGM2 is expressed in epithelial cells and
not in, e.g., tissue granulocytes, which are also known to express

members of the CEA family (13), nor in other cell types present in the
colorectal mucosa.

In this presentation, we have investigated the expression of CGM2
at the transcriptional level by in situ hybridization studies in the
normal rectum and colon in relation to its expression in tumors.
Incubation with monoclonal antibodies that recognize CGM2 revealed

the same distribution pattern as found for the CGM2 mRNA. We have
carried out similar studies to determine the expression patterns of
CEA, BGP, and NCA on serial sections of colorectal adenocarcino
mas. We have also investigated the expression of CGM2 at various
stages of colorectal tumor progression using Northern blot analyses.

MATERIALS AND METHODS

Tumor Source, RNA Extraction, and Northern Blot Analyses. Ade
nomas, diverticulitis tissue, colorectal tumors, and liver metastases for North
em blot analyses were from the Department of Surgery, HOpitalSaint-Antoine.
Pathological and adjacent control tissues located at least 10 cm away from the
tumor or at the resection margin were also collected. Care was taken to avoid
regions of necrosis. All samples (0.5â€”2 g) were quickly snap frozen in liquid

nitrogen and stored at â€”80Â°Cbefore use. Colorectal tumors were graded
according to the Dukes' classification (14, 15), modified by Astler and Coller
(16). Briefly, tumors confined to the mucosa and/or submucosa were stage A,
tumors spread into the muscle wall and/or adjacent organs were stage B, stage
C tumors showed lymph node invasion, and stage D revealed inoperable
macroscopic tumors in adjacent organs and/or metastases discovered during

surgery. Colonic crypts were isolated from the intestinal wall by serial shaking

in ice-cold 0.24 M NaCl, 2.5 msi EDTA, pH 7.5.

For the in situ hybridization studies, colonic tumors and adjacent control
mucosa were kindly provided by Dr. Stefan Wimmenauer, Department of
Surgery, University Hospital Freiburg, and a rectal tumor with adjacent tissue

4 The abbreviations used are: CEA, carcinoembryonic antigen; BGP, biliary glycopro

tein; CGM2, carcinoembryonic antigen gene family member 2; NCA, nonspecific cross
reacting antigen; DIG, digoxygenin; RT-PCR, reverse transcription-PCR; GPI, glyco
sylphosphatidyl inositol.
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ABSTRACT

Cardnoembryonic antigen gene family member 2 (CGM2), a member
of the carcinsembryonic antigen (CEA) family, is expressed in normal
colon and rectum but is down-regulated in colorectal adenocarcinomas. In
situ hybridization studies demonstrate that CGM2 expression is limited to
epithelial cells in the upper third of the crypts. Two other CEA family
members, biliary glycoprotein (BGP) and nonspecific cross-reacting anti
gen (NCA), are similarly expressed, whereas CEA transcripts were found
down to the base of the crypts but were less predominant In the upper
region. Only low CGM2 and BGP mRNA levels were seen in colorectal
tumors. CEA mRNA was expressed at an equivalent level in normal
epithelia and in tumor cells, whereas NCA transcript levels were up
regulated in tumor cells. Monoclonal antibodies that recognize the CGM2
protein reveal its presence on the apical membranes of epithelial cells in
the upper third ofthe crypts but its absence from colorectal tumors, which
do express the CEA and NCA-5O/90proteins. The newly cloned CGM2
3'-untranslated region was used to probe RNAs from ndenomas, colorec
tal tumors at different stages of progression, and liver metastases of
colorectal ndenocarcinomas. This showed that CGM2 is already down
regulated in adenomas when compared to normal mucosae. The CGM2
expression pattern along with its sequence homology to BGP suggests a

similar tumor suppressor function for CGM2.

INTRODUCTION

Gastrointestinal epithelial cells are very active in cell division and
differentiation and are, therefore, more prone to neoplasia than cells of
many other, less actively proliferating tissues. Indeed, colorectal can

cer represents one of the most prevalent types of malignancy in many
Western countries. Colorectal tumors have become a paradigm for
studying the multiple steps of tumor progression, because various
stages of adenoma have been described from which malignant tumors
are known to arise (1). It is also well documented that activation of
different oncogenes or loss of function of tumor suppressor genes
apparently plays key roles at these various stages of tumor develop
ment (2). Deregulation of these critical genes can either block pro
grammed cell death or hinder cellular differentiation in the early
stages of tumor development.

Investigations into the normal development of colorectal epithelial
cells may yield additional information regarding malignancy devel
opment in this tissue. It has been well established that normal colonic
epithelial cells are derived from actively dividing stem cells located at
the base of the each crypt (3). The resulting cells proliferate and later
differentiate into enterocytes and goblet cells as they migrate from the
base of the crypt upward to form a hexagonal-shaped cuff of surface
epithelial cells. These cells are subsequently exfoliated into the intes
tinal lumen.

Any genes that become switched on or off during the development
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was from Dr. Zehle, Department of Surgery, Friedrichhafen Hospital, Ger
many.

For Northern blot analyses, RNA was isolated as described elsewhere (17).
Frozen tissue samples were homogenized with a Polytron homogenizer in 10

volumes of 4.7 M guanidinium thiocyanate lysis buffer and spun through a
cesium chloride cushion (32,000 rpm at 20Â°Cfor 20 h). After denaturation, 5
ILg of each RNA sample were separated on formaldehyde/agarose gels and
blotted onto charged nylon membranes, following standard procedures (18).
Final stringency washes were carried out two times at 65Â°Cin 0.1X SSPE [1X
SSPE = 180 mMNaCI, 10 mMsodium phosphate (pH 7.4), and 1 mMEDTA],
0.1% SDS. A 1.5-kb EcoRJ/HindllI fragment from the newly cloned CGM2
3'-untranslated region (see below) was used as a probe. The 285 rRNA was

visualized by methylene blue staining of the membrane after RNA transfer and

was taken as a control for RNA intactness and loading.
Synthesis ofRNA Probes for in Situ RNA/RNA Hybridization Analyses.

To distinguish transcripts for individual members of the CEA family, cDNA
probes were subcloned into the Bluescript vector, BS KS Ml3 + (Stratagene,
Heidelberg, Germany) and linearized with various restriction enzymes fol

lowed by gel purification, prior to synthesis of sense and antisense RNA probes
from the T3 and 11 promoters. For identification of CEA transcripts, the
434-bp RsaI/PstI DNA fragment from the 3'-untranslated region of a CEA

cDNA clone was used as a template (19). The cDNA-containing plasmid was
linearized with Hindffl for synthesis of the sense riboprobe from the T7
promoter and with EcoRI for synthesis of the antisense riboprobe from the T3
promoter. The NCA template was the 620-bp SpeI/EcoRI fragment from the
3'-untranslated region of an NCA cDNA clone (20). Linearization was with
Sail for synthesis of the sense nboprobe from the T7 promoter and with Not!
for the antisense riboprobe, synthesized from the T3 promoter. A 396-bp PstI
fragment was taken from the 3'-untranslated region of BGP cDNA clone 4-13,
which extends from a PstI site located 19 bp downstream from the stop codon
to the end of the clone (21). After cloning into the Bluescript vector, the
construct was linearized with BamHI for synthesis of the sense riboprobe from
the T3 promoter and with Hindu! for the antisense riboprobe, synthesized from
the 17 promoter. Two riboprobes were constructed to distinguish CGM2
transcripts. One template was the 885-bp HindIllJEcoPJ fragment from the
pUCl8 vector that contained the complete CGM2 coding sequence (12), which
was recloned into the Bluescript vector. This clone was linearized with EcoRI
for synthesis of the sense riboprobe from the T3 promoter and with Hindill for
the antisense riboprobe, synthesized from the 11 promoter. The second CGM2
template was a 533-bp Pstl/XbaI restriction fragment from the newly cloned
CGM2 3'-untranslated region in the pUCl8 vector (see below), which was
recloned into the Bluescript vector. Linearization was with XbaI for synthesis
of the sense riboprobe from the 13 promoter and with HindIll for the antisense
riboprobe, synthesized from the T7 promoter.

DIG-UTP labeling of the RNAs was carried out according to the manufac
turer's instructions, using a DIG RNA labeling kit from Boehringer Mannheim

(Tutzing, Germany). Labeling efficiency of each RNA was tested by spotting
different dilutions onto a nylon membrane in comparison with an internal
standard using the DIG Nucleic Acid Detection kit from Boehringer Mann
heim.

In Situ Hybridization. In situ hybridization analyses were performed
using a modification of published procedures (22). All solutions used were
made up with diethyl pyrocarbonate-treated water. Tumors and adjacent tissues
were taken within 30 mm after surgery and fixed overnight under movement

in 4% paraformaldehyde, 1X PBS (10 mM NaH2PO4, 43 mr@iK2HPO4, and 123
mM NaC1). The samples were then incubated overnight in 0.5 M sucrose, 1 X

PBS, embedded in Jung Freeze medium (Leica Instruments, Nussloch, Ger
many), diluted with 1 or 2 volumes of water, and frozen in dry ice/ethanol.
Frozen blocks were stored at â€”70Â°C.Cryostat sections were prepared (5â€”8

@m)on Superfrost slides (Roth, Karlsruhe, Germany) and stored at â€”70Â°C.
Before hybridization, the slides were thawed and left to dry under a hood, prior
to fixation for 15 mm in 4% paraformaldehyde in PBS. Following washing in
PBS for 30 s, the sections were dehydrated for 15 s each in 70, 90, and 100%
ethanol and air dried. Next, the sections were incubated with proteinase K (10
,Lg/ml) in 100 mM Tris@Cl (pH 8.0), 1 mM EDTA at 37Â°C for 6 mm. The

reaction was stopped by replacing with ice-cold 100 mMTris@Cl(pH 8.0), 1
mM EDTA and further incubated for 2 mm at 4Â°C in a refrigerator. Protein

acetylation was achieved by incubation in 100 ml of PBS containing 0.25%
acetic anhydride (Merck, Darmstadt, Germany) and 0.1 M triethanolamine

(Sigma Chemical Co., Deisenhofen, Germany) for 2 mm at room temperature.

Sections were washed in PBS, dehydrated in an alcohol series, and air-dried.
Fifty @lof the hybridization solution containing 1â€”5 @g/mlof the labeled RNA

probe in 50% deionized formamide, 0.3 MNaCI, 20 mMTris-CI(pH 7.6), 5 mr@i
EDTA, 10 mM NaH2PO4, 1X Denhardt's solution (0.02% Ficoll, 0.02%
polyvinylpyrrolidone, and 0.02% BSA), 0.2% sodium sarcosyl, 200 @g/ml

denatured salmon sperm DNA, 200 @tg/mlyeast tRNA, and 5% dextran sulfate
were applied to each section and covered with a piece of Parafilm to ensure
complete distribution. Hybridization was carried out overnight at 50Â°Cin a
humid chamber that was additionally sealed in a plastic bag to prevent drying.
The slides were washed twice for 30 mm each in 2X SSPE, 50% formamide
at 50Â°Cand 55Â°Cfor the NCA and CEA riboprobes, respectively; in 1X SSPE,
50% formamide at 55Â°Cfor the BGP and the CGM2 3'-untranslated region
riboprobe; and in 1X SSPE, 50% formamide at 65Â°Cfor the CGM2 coding
region riboprobe. After four washes for 10 mm each in RNase buffer [0.5 M
NaCl, 10 mM Tris@Cl(pH 8), and 5 mM EDTA] at 37Â°C,the sections were then
treated with 1 @gof RNase A per ml of RNase buffer at 37Â°C for 30 mm.

Subsequently, the sections were washed in RNase buffer at 37Â°C,then for 15
rain in 2X SSPE at 65Â°C,and finally for 15 mm in 0.1 X SSPE at room
temperature. Detection of the riboprobe was achieved using the DIG Nucleic
Acid Detection kit (Boehringer Mannheim) according to the manufacturer's

instructions. No counterstaining was performed. The sections were coated with

Kaiser's glycerol gelatin (Merck, Darmstadt, Germany) and photographed
using a Polyvar microscope.

Construction of a CGM2IHuman IgG-Fc Fusion Protein. In a series of

steps, the coding region of CGM2 was cloned in front of the human IgG-Fc
genomic coding region by including an artificial splice donor site to allow
splicing together of the two components of the fusion protein, upstream of the
hinge region exon of the Fc portion. The fusion vector pCD4-Hgl CE1 (23),
which contains the exons coding for the human IgG-Fc portion (24), was first
modified to remove an internal XhoI restriction site in the vector, which was
replaced by an MIuI site. To achieve this, the vector was digested with XhoI
and dephosphorylated. A phosphorylated XhoI/MIuI adapter (5'-TCGA
CAACGCGTI'G-3') was then ligated in. As a second modification, an XhoI
site was then introduced into the cloning site upstream of the IgG hinge region

exon, adjacent to the HindU! site. For this, the modified vector was linearized
with HindJll and dephosphorylated. After ligation with a phosphorylated
HindIHJXho! adapter (5'-AGCTTGCCTCGAGGCA-3'), the ensuing, doubly

modified vector was named pCD4X.
To synthesize the CGM2 coding region with the appropriate cloning sites,

the CGM2 cDNA clone in pUCl8 (12) was digested with HindIHJEcoRIand
the insert cloned into a Bluescript vector (BS KS M13+). In the next step, the
5'-untranslated region, containing a suitable Kozak sequence from a CEA
cDNA clone in the Bluescript vector (25), was introduced in front of the
CGM2 coding sequence (which ended two nucleotides upstream of the trans
lational start site as defined by genomic analysis) to ensure optimal translation.

To achieve this, the CEA cDNA clone was digested with NcoI/XbaI to remove
the CEA coding sequence from the translational start site (NcoI restriction
endonuclease site) to the multiple cloning site downstream of the 3 â€˜-untrans

lated region. The CGM2 clone in Bluescript was then digested with NcoI/XbaI
to remove the coding region, which was then cloned downstream of the CEA
5'-untranslated region in the NcoI/XbaI sites of the linearized CEA Bluescript
vector, yielding vector BSCEA5'UT/CGM2. This was taken as a template for
PCR amplification of the CGM2 coding sequence, using the T3 (5') primer
combined with a 3' primer designed to amplify from within the M domain
region of the CGM2 cDNA. This primer (CGM2-M-Xho!-splice) contained an

Xho! restriction site (underlined) next to an intron donor splice site with the
following sequence: 5'-TGCCTCGAGACTl@ACCTGAAmGmGTAC
TGACTC-3'.
After PCR amplification over 30 cycles, with annealing at 46Â°Cfor 30 s, the
product was digested with EcoR! and XhoI and cloned into the pCD4X vector,
which had also been digested with EcoRI and XhoI, to remove the CD4 cDNA
portion. The ensuing fusion construct was named pFc/CGM2.

Transfection of the Fusion Protein Construct into J5SSL Cells and
Protein Purification. The fusion construct pFc/CGM2 was cotransfected into
a mouse myeloma cell line (J558L), together with pSV2neo (26) at a molar

ratio of 3:1, by electroporation using a Bio-Rad Gene Pulser (250 V. 960 @.tF)
according to the manufacturer's recommendations (Bio-Rad, Munich, Germa

ny). Transfected cells were subcloned by serial dilutions into 96-well plates,
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and G418 (Life Technologies, Eggenstein, Germany) was added after 24 h.
041 8-resistant clones were tested for expression of the fusion construct in an
ELISA test, as described elsewhere (27).

One clone was expanded in a miniPERM system (Heraeus Instruments,
Hanau, Germany) in DMEM/5% FCS medium. The FCS was first incubated
with protein A-Sepharose (Pharmacia Biotech, Inc., Freiburg, Germany) to
absorb out the bovine immunoglobulins. Purification of the fusion protein from

the J558L transfectant supernatants was also achieved after incubation with
protein A-Sepharose and elution in 0.1 M glycine buffer, pH 2.5â€”2.6. After

determining the protein concentration photometrically, the fusion protein was
dialyzed against PBS in a Slide-A-Lyzer cassette (Pierce, Rockford, IL) and
run on a 7.5% SDS/polyacrylamide gel to determine its size and purity.

Mouse Immunization and Monoclonal Antibody Production. CEA
transgenic C57BLJ6 mice (28) were immunized s.c. with 23 @gof purified
CGM2/IgG-Fc fusion protein in complete Freund's adjuvant (1:1), followed by

2 X 23 i@gof fusion protein i.p., in incomplete Freund's adjuvant (1:1) at
weekly intervals. On days 26 and 27, a boost of 10 @gof fusion protein in PBS

was carried out into the tail vein, and on the following day, the spleen was
removed. A modified protocol for monoclonal antibody production according
to KUhIerand Milstein (29) was carried out as described previously (30). The
supernatants of the hybridoma cell cultures were screened for fusion protein
antibodies in two ELISA tests. As a general test for antibodies that recognized
the fusion protein, plastic wells were coated with F(ab)2 fragments of a rabbit
anti-human IgG antibody (DAKO, Hamburg, Germany). This was incubated
with supernatants of J558 cells expressing the CGM2/human IgG-Fc fusion

protein, followed by the hybridoma supernatants and finally a peroxidase

labeled rabbit anti-mouse immunoglobulin antibody (DAKO). To determine
which of the ensuing hybridomas recognize the CGM2 moiety of the fusion

protein, a second ELISA was used, whereby the CGM2Ihuman IgG-Fc fusion

protein was replaced with another fusion protein constructed in our laboratory.
This consisted of a murine CEA family member (CealO) fused to the human

IgG-Fc (3l).@ Any hybridomas that were positive in the first ELISA, but
negative in the second, produced antibodies directed against the CGM2 moi
ely. Such hybridomas were subcloned, amplified, and purified over a Sepha
rose-protein 0 column (Pharmacia), and isotype determination was carried out
using a kit, according to the manufacturer's instructions (Amersham-Buchler,

Braunschweig, Germany).

Specificity Test of CGM2 Monoclonal Antibodies in FACScan Analy
ses. To test the specificity of the CGM2-recognizing monoclonal antibody
with respect to other CEA family members, FACScan analyses were carried

out with transfectants expressing individual CEA family members, as de
scnbed elsewhere (32). Because no stable transfectants for CGM2 exist,

microbeads coated with goat anti-mouse immunoglobulin (Simply Cellular
microbeads; Flow Cytometry Standards Corp., San Juan, Puerto Rico) were

incubated first with serum obtained from mice immunized with the CGM2/Fc
fusion protein, followed by the addition of the CGM2/human IgG-Fc as a

positive control. The monoclonal antibody for this assay was directly conju

gates! with fluorescein-5-isothiocyanate as described elsewhere (33).
Monoclonal Antibodies and Immunohistochemical Staining. Cryoem

bedded, formaldehyde-fixed colorectal tumors and adjacent colorectal muco
sac were prepared and sectioned as described above (in situ hybridization).

Immunohistochemical staining on serial sections using monoclonal antibodies
CAC1 and CAC2, which recognize CGM2 (see â€œResultsâ€•),or 26/3/13, 9A6FR,
and 80H3, which are specific for CEA, NCA-50/90, and NCA-95, respectively
(32), was as described previously (34).

Amplification, Cloning, and Sequencing of the 3'-Untranslated Region
of CGM2 mRNA. Total RNA was isolated from normal human colonic
mucosa, as described elsewhere (34). Amplification of the CGM2 3'-untrans
lated region was achieved using the Clontech Marathon cDNA amplification
kit (ITC-Biotechnology, Heidelberg, Germany), according to the manufactur

er's instructions, using 1.2 @gof total RNA. This was carried out to the end of
the adapter ligation step in a total volume of 10 pJ. The 3'-rapid amplification
of cDNA ends-PCR was performed on a 1:10 dilution of the adapter ligation
mix using the 5'-primer CGM2-M5' (5'-CCGCTATGAGTCAGTA
CAAGCA-3') from the M domain region of CGM2 (12) and the cDNA
synthesis primer from the Clontech Marathon cDNA amplification kit in a final

5 w. Zimmermann, unpublished results.

volume of 50 p1 Amplification consisted of 30 cycles, annealing at 58Â°Cfor
30 5, and elongation at 72Â°Cfor 3 rain. The resulting product exhibited the
expected size after electrophoresis on an agarose gel, but a low yield. There
fore, the remaining 40 p1 of the first PCR step were amplified again over 30
cycles under the same conditions apart from an elongation time of 5 mm. The

PCR products were separated on an agarose gel, eluted, and purified using a
Qiaex kit (Qiagen, Hilden, Germany). Finally, the products were blunt-end
ligated into the SmaI site of pUC18 using the Sureclone kit (Pharmacia), and
both strands were sequenced commercially using universal and internal prim

ers (Labor fÃ¼rDNA-Analytik, Freiburg, Germany). For comparison with the
corresponding sequence of NCA mRNA, the program ALIGN from the pro

gram package PCgene (IntelliGenetics, Inc., Mountain View, Ca) was used.

RESULTS

In Situ Hybridization Analyses Reveal Differential Expression
of CGM2, CEA, BGP, and NCA mRNAs in Colorectal Mucosae
and in Corresponding Colorectal Adenocarcinomas. In a previous

study, CGM2 transcripts were identified using the Northern blot
transfer technique in normal colonic mucosa ( 12). However, these
analyses could not distinguish which cells express CGM2. For this
reason, we have investigated the expression of CGM2 in colorectal
tumors and adjacent colonic and rectal mucosa by in situ hybrid
ization. Using the coding region of a CGM2 cDNA, sense and
antisense riboprobes were synthesized and hybridized under high
stringency conditions to avoid cross-hybridization with other CEA
family transcripts. In all cases, only the antisense riboprobe yielded
signals. These studies revealed that only the epithelial cells in the
upper third of colorectal crypts contain CGM2 transcripts (Fig. la
and data not shown). No other cell types present in the colorectal
mucosa contained CGM2 mRNA. Hybridization with a probe from
the newly cloned 3'-untranslated region of CGM2 mRNA gave
identical results to the coding probe, confirming the specificity of
the latter (data not shown). In normal epithelial cells, BGP (Fig. lj)
and NCA transcripts (Fig. ig) were also limited to those cells in the
upper part of the crypts. In contrast, CEA mRNA was present in
epithelial cells along the whole length of the crypt, whereby the
signal in the cells at the upper border was sometimes reduced (Fig.
ld). The amount of NCA transcripts apparently increased in a
rectal tumor seen in the transition zone to the adjacent mucosa
(Fig. 1i); CEA transcripts were present at comparable concentra
tions in the tumor and normal mucosal epithelial cells of serial

sections (Fig. lJ), whereas lower levels of BGP (Fig. 1!) and
CGM2 mRNAs (Fig. lc) were found in the tumor compared to
normal epithelial cells. In the case of the CEA antisense ribo
probes, individual cells in the lamina propria were also stained
(Fig. ld). This is probably a background signal seen at the rela
tively low stringency hybridization conditions applied for the CEA
riboprobe.

Development of CGM2-recognizing Monoclonal Antibodies.
To obtain monoclonal antibodies directed against the CGM2 protein,
a recombinant construct was made that encodes a CGM2/human
IgG-Fc fusion protein. This approach was chosen because cDNA
sequencing studies (12) indicate that the native CGM2 protein is

heavily N-glycosylated. After transfection, the J558L cells should
then express a glycosylated fusion protein, thus improving the chance
that any monoclonal antibodies raised should also recognize the native
CGM2 protein. Furthermore, the presence of the human IgG-Fc
region allows easy purification through absorption to protein A or
protein G. From 192 G4l8-resistant J558 clones, 12 were found to
express the fusion protein. Two of the strongest expressers were
subcloned and expanded for fusion protein production. The purified
fusion protein revealed a uniform band of Mr 70,000 on an SDS
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PAGE gel and slight contamination from immunoglobulins still pres
ent in the immunoglobulin-deleted supernatant (data not shown).

In an attempt to gain CGM2-specific monoclonal antibodies, mice
that are transgenic for human CEA (28) were immunized with the
fusion protein. It was assumed that antibodies against epitopes that are
common to CEA and the CGM2 protein should not be generated,
assuming that the immunization conditions would not break tolerance.
From 12 hybridoma clones that recognized the CGM2/human IgG-Fc
fusion protein, three were identified in the double ELISA that interact
with the CGM2 moiety (CAC1, CAC2, and CAC3). Clones CAC1
and CAC2 are of the IgGl/K isotypes and were further characterized.

To analyze whether CAC1 and CAC2 specifically recognize only
the CGM2 protein or whether they cross-react with other CEA family
members, FACScan specificity assays were carried out (Fig. 2). As
seen in the positive control (CGM2/Fc), the CAC1 antibody reacts

Fig. 1. Detection of CGM2, CEA, NCA, and BGP transcripts by in situ hybridization in normal rectal mucosa and a rectal adenocarcinoma. Antisense riboprobes were used to
visualize CGM2 (a and c), CEA (d andf), NCA (g and 1),and BGP mRNA5(j and 1).The probes were hybridized with rectal mucosa (a, d, g. andj) adjacent to a rectal adenocarcinoma
(c, f, i, and 1).Sense riboprobes derived from CGM2 (b), CEA (e), NCA (h), and BGP cDNAs (k) were hybridized as negative controls. Note the differential expression of the CGM2,
CEA, and NCA mRNAs in crypts located in the normal mucosa/transition region (NTr) compared with the neighboring tumor region (Tu). The approximate borders are shown by dotted
lines (c, f and i). Arrowheads, the limits between stalning and nonstaining epithelial cells. No counterstaining was performed. Bars: a. b, d, and e, 100 Mm; g. h. j. k, and 1, 200 @sm;
cf and i, 1 mm.
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with microbeads carrying the CGM2Ihuman IgG-Fc fusion protein but
does not bind to microbeads bearing another CEA-related murine
fusion protein (CeaS/Fc). Although no cross-reactivity is found
against most transfectants expressing other CEA family members,
some cross-reactivity is seen for CAC I and CAC2 against the trans
fectant expressing the NCA-50/90 protein (NCA) and marginally
against CEA. Western blot analyses confirm this cross-reactivity (data
not shown). However, it is still possible to differentiate the molecules
after immunohistochemical staining under the conditions applied (see
below).

Expression of CGM2, CEA, and NCA-50/90 in Colorectal
Mucosae and in Colorectal Adenocarcinomas Using Mono
clonal Antibodies. Immunohistochemical analyses of colorectal tu
mors with antibodies that recognize CGM2 (CACI and CAC2) and
NCA-50/90 (9A6FR) revealed the same cellular patterns of expres
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CACI CAC2 I4HDII 80H3 CACI CAC2 I4HDIIFig. 2. Specificity test of CGM2 monoclonal
antibodies CACI and CAC2 against other CEA
family members by FACScan analysis. Stably
transfected HeLa cells, expressing CEA, NCA
50/90 (NCA),CGM1, and CGM6, as well as stably
transfected Chinese hamster ovary (CHO) cells
expressing BGP and CGM7 were used to test the
specificity of CAC1 and CAC2. As negative con
trols, neo-transfectants of HeLa cells (HeLa.neo)
and parental CHO cells (CHO-KI) were also
tested. Positive controls for each transfectant were
the strongly cross-reacting monoclonal antibody
l4HDl 1 and for the CGM6 transfectant, 80H3. As
a positive control for CGM2 recognition, mi
crobeads coated with goat anti-mouse immuno
globulin were incubated with anti-CGM2/human
IgG-Fc mouse serum. followed by the fusion pro
1cmand the fluorescein-labeledCACI antibody.
As a negative control, the fusion protein was sub
stituted for a CeaS/human IgG-Fc fusion protein.
In all cases, lines indicating the negative control
values run down through the corresponding trans
fectants or positive controls. Note the weak cross
reaction of CAC1 and CAC2 with the NCA traits
fectant and the marginal staining of the CEA
transfectant. The scale on the X-axis is logarith
mic.

L@

L
L

@,-..

@.

IL

r-@'A
A.

L Li@t\\

@A.

@\\@â€¢

IL
L
L

IL
1234

HeLa-neo

CEA

NCA

CGMI

CGM6

. ,

1234

@L.

L.

a...
1234

sion for these two proteins as obtained for their respective mRNAs in
the in situ hybridization analyses. Staining of only the upper region of
the crypts was seen for both proteins and was limited to the apical
membranes of the epithelial cells, toward the intestinal lumen (Fig. 3,
a and e). However, in contrast to its mRNA distribution (Fig. ld), the
CEA protein is predominantly found in the upper region of the crypts,
and weaker staining was also seen down to the base of the crypts (Fig.
3c). In a rectal adenocarcinoma, the tumor cells were positive for both

NCA-50/90 and CEA (Fig. 3, d andf), whereas no CGM2 expression
was observed (Fig. 3b). In addition, regions of inflammation were
seen with 9A6FR but not with CAC2 (data not shown). In serial
sections, these regions were shown to contain granulocytes, using
80H3 that is specific for the CGM6-encoded NCA-95, a CEA family
member that is only found in granulocytes (35). The qualitative
differences observed with the CAC2 and 9A6FR monoclonal antibody
confirm that CAC2 can differentiate CGM2 from NCA-50/90 under
the conditions used. However, higher concentrations of CAC1 and
CAC2 did lead to weak staining of the tumor and of inflammatory
regions, indicating cross-reactivity with NCA-50/90 under those con
ditions (data not shown).

Structure of the CGM2 3'-Untranslated Region. Although we
previously reported the sequence of the coding region of a CGM2
cDNA (12), no information was available regarding the 3'-untrans
lated region. Furthermore, because the results gained there in the
Northern blot studies revealed other hybridizing transcripts, we de
cided to clone and sequence this region, because it is known that the
3'-untranslated regions of other members of the CEA family are often
unique, or at least more divergent than the coding regions (19).
Therefore, we amplified this region by RT-PCR from normal colonic
mucosal RNA using a specific 5'-primer from the membrane domain
coding region of CGM2 (CGM2â€”5')and an oligo(dT)-3'-primer. One
product was gained with a size of 1.6 kb, which was cloned into
pUCl8 and sequenced. Analysis of this sequence revealed identity in
the membrane domain region to CGM2 (12) and downstream, homol
ogy throughout to the NCA 3'-untranslated region (20), with a total
sequence identity of 77%. The PstI/XbaI restriction fragment used to
confirm specificity of the results gained using the probe from the
coding region of CGM2 in the in situ hybridization analyses had 76%
similarity to the corresponding NCA region. This value indicates that
the 3â€˜-untranslatedregion can be used as a more specific probe for

Northern blot analyses, and indeed, only one hybridizing fragment is
seen in Fig. 4.

CGM2 mRNA Expression Is Down-Regulated during Early
Colorectal Tumor Progression. After having shown that only epi
theial cells express CGM2 transcripts, a more detailed analysis of the
expression pattern during colorectal tumor progression was carried
out using the Northern blot transfer technique. For this, RNA was
analyzed from adenomas isolated from familial adenomatous polyp
osis patients (5 cases), Astler-Coller stage Al (2 cases), Bi (1 case),

B2 (12 cases), Cl (2 cases), C2 (4 cases) and D (3 cases), as well as
from liver metastases of colorectal tumors (6 cases). For each case,
RNA was also analyzed from the corresponding normal tissues. The
results of these investigations are summarized in Fig. 4. It is obvious
that CGM2 becomes down-regulated at a very early stage during
colorectal tumor progression, i.e., in adenomas (Fig. 4, compare Lanes
4, 6, and 8 with their corresponding normal tissues in Lanes 5, 7, and
9, respectively). Indeed, the colorectal metastases contain no CGM2
mRNA whatsoever (Fig. 4, Lanes 22 and 23). Surprisingly, no CGM2
mRNA signal could be seen in the diverticulitis RNA, whereas the
normal mucosa did contain CGM2 mRNA (Fig. 4, compare Lanes 2
and 3), which indicates down-regulation of CGM2 expression in this
inflammatory region. However, more detailed analyses on a larger
number of cases are needed to confirm this observation.

DISCUSSION

We reported previously on the structure and down-regulation of
CGM2 mRNA in colorectal carcinomas (12). In addition to the coding
region, we now present additional sequence data on the complete
3'-untranslated region of the CGM2 transcript that was amplified
from normal colonic mucosal RNA. Because only one amplification
product was seen after RT-PCR amplification, this suggests that no
other splice variants exist in the normal colonic mucosa. Furthermore,
despite its homology to the NCA 3'-untranslated region, no cross
reactivity with NCA transcripts was seen when using this region to
probe Northern blots of total colonic mucosal and colonic tumor
RNAs, where only one hybridizing band was seen under the condi
tions used. Therefore, this probe will be useful as a CGM2-specific
probe.

Earlier expression studies for the CGM2 gene were carried out on
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Fig. 3. Immunohistochemical localization of CGM2, CEA, and NCA-5O/9O in rectal epithelia and an adenocarcinoma from the same patient. Cryomicrotome sections of rectal
mucosa (a, c, and e) and a rectal adenocarcinoma (b, d@andj) were incubated with CGM2-recognizing monoclonal antibody CAC2 (a and b), the CEA-specific monoclonal antibody
26/3/13 (c and d), or the NCA-50/9O-specific monoclonal antibody 9A6FR (e andf) followed by a peroxidase-coupled, anti-mouse IgG antibody. Arrowheads, membrane staining.
Counterstaining was with hemalaun. Bars, 100 g.un.

RNA extracted from various tumors and corresponding normal tissues
using the Northern blot technique and RT-PCR analyses. Because it is
known that other CEA family members, e.g., NCA-50/90 and BGP,
are not only expressed in epithelial cells but also in leukocytes (13),
it was important to determine which cells actually express the CGM2
gene. The in situ hybridization and monoclonal antibody analyses
confirm that CGM2 expression is limited to differentiated colonocytes
in the upper third of colorectal crypts and is down-regulated in
colorectal tumors. Furthermore, cross-hybridization with CEA, NCA,
and BGP mRNAs and proteins was ruled out, because antisense
riboprobes and monoclonal antibodies specific for each CEA family

member all revealed differential staining patterns. The production of
monoclonal antibodies in mice that are transgenic for human CEA
gene (28) was adopted, because these mice express CEA in a similar
distribution pattern along the crypts to that found in humans, and they
should be tolerant to it. Any immune reaction to the CGM2 protein
should theoretically be restricted to epitopes that are only found there
and not on CEA. Despite weak cross-reactivity with NCA-50/90 and
marginally with CEA, under certain conditions immunohistochemical
staining can differentiate the CGM2 protein specifically.

The coexpression of NCA-50/90 (this report and Ref. 36), CGM2
(this report), and BGP (37) in the apical membrane of differentiated
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colonocytes suggests that a molecular complex of CEA family mem
bers may exist. Indeed, experimental evidence indicates that the
GPI-linked CEA family members, NCA-95, NCA-90, and the trans

membrane family member BGP, do form molecular complexes in
granulocyte membranes.6 Such a physical complex of GPI-linked
CEA family members (NCA-50/90 and CGM2) and the integral
membrane-bound family member BGP may represent a functional
receptor complex. Interactions of the GPI-linked molecules with pu

tative ligands could transfer signals via the cytoplasmic domain of
BGP into the colonocytes. Such functional receptor complexes have
been described for other immunoglobulin superfamily members, e.g.,
the Fc, B-, and T-cell receptor complexes on leukocytes (38). Inter
estingly, CEA is expressed in proliferating epithelial cells at the base
and in differentiated cells at the top of the crypts. Therefore, it could
still interact in such a complex in the upper third of the crypt epithelia,
where the protein is most prevalent, with NCA-50/90, CGM2, and
BGP. This coordinated pattern of expression differs, however, be
tween the various family members in colorectal tumors. Down-regu
lation of BGP as has been already been reported in mouse and human
colorectal tumors (1 1, 39) was also seen in the tumors analyzed here.
Furthermore, the immunohistochemical studies and analyses of the
mRNA steady-state levels show that CGM2 is apparently strongly
down-regulated. The up-regulation of NCA-50/90 in colorectal tu

mors has also been observed and described elsewhere (10, 1 1). In the

colorectal tumors investigated here, CEA is apparently equally

strongly expressed in tumorous and normal epithelial cells. Indeed,
normal colonic mucosa and colonic tumors have been shown to

6 F. Grunert, personal communication.

produce similar amounts of CEA in organ culture (40), and compa
rable mRNA steady-state levels have been reported to exist from
Northern blot analyses (1 1), suggesting that this is often the case. If
CEA family members do form a functional complex in epithelial cells,
their differential expression in tumors may modify or even disrupt the
functions of this complex and could then potentiate tumor growth.

The question arises as to what the normal function could be. It has
been reported that CEA family members reveal homophiuic and het
erophilic adhesion properties (41â€”43).An intercellular adhesion func
tion is unlikely on the apical membrane of the epithelial cells in the
upper third of the colonic crypt toward the intestinal lumen, where
cell-cell contact is not seen. A bacterial binding function has also been
suggested based on the specific binding of certain bacterial strains to
members of the CEA family, via fimbrial lectins (44). The location of
these CEA family members would indeed indicate such a function in
the colon and rectum. However, bearing in mind the tumor suppressor
role of BGP (5, 6) and the appearance of the different CEA family
members CGM2, BGP, and NCA-50/90 only in fully differentiated
epithelial cells, these molecules could play a role in promoting cellular
differentiation. Deregulation of CGM2, BGP, and NCA expression
could, therefore, inhibit differentiation in colonocytes. Although it
was not obvious in our studies, it has been reported elsewhere that
CEA is also deregulated at an early stage of dysplasia, where it is
overexpressed, and is a useful marker for aberrant colonic crypt foci
(45). Therefore, deregulation of all CEA family members may facil
itate tumorigenesis. As an alternative to blocking differentiation, they
may provide a signal for programmed epithelial cell death, which has
been reported to occur mostly in cells located in the upper third of the
crypt (46). In fact, it was suggested that inhibition of apoptosis may
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Fig. 4. Northem blot analysis of CGM2 mRNA expression during colorectal tumor progression. RNA isolated from different stages of colorectal tumor progression (adenomas;
carcinomas from Astler-Coller stages Al, B1, B2, Cl, C2, and D; and liver metastases of colorectal tumors) were electrophoretically size fractionated and, after transfer to a charged
nylon membrane, were hybridized with a 1.5-kbEcoRJ/HindIII DNA fragment containing the complete 3'-untranslated region of CGM2. Lanes 8, 9, 12, 13, 16, and 17 represent RNAs
derived from rectal tissues, and the rest are from colon. The 285 rRNA is shown below as a control for RNA loading. Cr, isolated crypts; Di, colonic mucosa from a patient with
diverticulitis; N, normal mucosa; T, tumor; M, metastases. A domain structure of CGM2 mRNA is shown in the lower part of the figure. 1. leader domain; N, N-terminal domaln; A,
A domain; M, membrane domain; 3'UT, 3' untranslated region used as the probe.
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contribute to tumor growth and enhancement of tumor progression in
colorectal cancer. The fact that certain CEA family members are first
synthesized toward the end of the granulocyte differentiation pathway
also indicates an apoptosis signal function there. Indeed, it has been
documented that granulocytes do undergo apoptosis (47). Well-dc
signed experiments to investigate such properties are needed to con
firm such a function.

The Northern blot analyses indicate that down-regulation of CGM2
is a very early event during tumor progression. It could be interpreted
that the CGM2 gene is either actively down-regulated during this
process, or because CGM2 transcripts are only seen in the fully
differentiated crypt epithelial cells, this gene may never become
switched on in tumors. The former speculation would seem to be more
logical, because CGM2 transcripts are not completely absent from
tumors, and indeed in the few colomc and the rectal tumors analyzed
by in situ hybridization, the transition region of normal to tumorous
tissues reveal a slightly stronger CGM2 signal than the deeper-lying
tumor cells. In either case, the question remains as to how this
down-regulation, which apparently occurs at the transcriptional level,
is controlled. Studies, including a search for loss of heterozygosity,
the possible existence of mutations in the coding or putative promoter
region, as well as putative hypermethylation of the CGM2 gene in
tumors, are currently being carried out in our laboratory to answer this
question.
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