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Zusammenfassung
Bezüglich ihrer zugrunde liegenden Karzinogenese 
zeigen die Subtypen kolorektaler Karzinome (CRC) cha-
rakteristische molekulare Parameter. Das hereditäre 
nichtpolypöse CRC (HNPCC) stellt die größte Subgruppe 
der hereditären CRC dar, ist charakterisiert über klinische 
Kriterien und weist eine Mikrosatelliteninstabilität (MSI) 
auf. Interessanterweise zeigt ein nun identifizierter 
Subtyp, der familiäre CRC-Typ X (FCC-X), gleiche kli
nische Kriterien, aber eine Mikrosatellitenstabilität 
(MSS). CEACAM1 ist ein bekannter Tumorsuppressor, 
der Apoptose in Kolonzellen reguliert, und sein Expres
sionsverlust ist eine der am häufigsten vorkommenden 
Veränderungen in der frühen Genese von CRC. Daher 
könnte sein Expressionsverlust Kolonzellen vor deren 
neoplastischer Transformation charakterisieren. Wir ana-
lysierten Tumorgewebe von HNPCC- und FCC-X-Patien-
ten, um herauszufinden, ob eine Analogie zum Expres
sionsverlust von CEACAM1 bei sporadischen CRC be-
steht und ob die Expression von CEACAM1 die unter-
suchten Entitäten unterscheiden kann. Es wurden keine 
Unterschiede bezüglich der Expression von CEACAM1 in 
Tumorgeweben von HNPCC (n = 38) und FCC-X (n = 30) 
festgestellt. CEACAM1 war in fast identischer Häufigkeit 
von 36/38 (95%) in HNPCC und 29/30 (97%) in FCC-X 
nachzuweisen. Dies ist der erste Bericht über den Verlust 
von CEACAM1 in hereditären CRC. Es konnte kein Unter-
schied zwischen HNPCC und FCC-X festgestellt werden. 
Die Häufigkeit des Verlustes ist vergleichbar mit der von 
CRC sporadischer Genese. Dies weist auf eine frühe Ver-
änderung hin, die eine Verbindung zwischen hereditärer 
und sporadischer Genese herstellt.
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Summary
According to their carcinogenesis, colorectal cancer 
(CRC) subtypes show distinct molecular parameters. 
Hereditary non-polypous colorectal cancer (HNPCC) is 
the most common inherited CRC characterized by clinical 
criteria and confirmed microsatellite instability (MSI). 
Interestingly, a recently identified subtype, familial 
colorectal cancer type X (FCC-X), shows the same clinical 
criteria but microsatellite stability (MSS). CEACAM1 is a 
known tumor suppressor that regulates apoptosis in 
colon cells, and its loss is one of the most frequent 
events in early tumorigenesis of CRC. Therefore its loss 
may characterize precursor colon cells prior to neoplastic 
transformation. We analyzed tumor specimens of HNPCC 
and FCC-X patients in order to investigate whether there 
is a loss of CEACAM1 expression analogous to sporadic 
CRC and whether the expression of CEACAM1 would 
distinguish between these tumor entities. No differences 
in CEACAM1 expression were noted between HNPPC (n 
= 38) and FCC-X (n = 30) tumors. CEACAM1 was reduced 
in near-identical frequencies in 36/38 (95%) HNPCC and 
29/30 (97%) FCC-X. This is the first report to demonstrate 
the loss of CEACAM1 expression in hereditary CRC. 
There was no difference between HNPCC and FCC-X. 
The frequency of expression loss was comparable to 
sporadic CRC, indicating that loss of CEACAM1 is an 
early event in colorectal tumorigenesis linking the gene-
sis of sporadic and hereditary CRC.
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where they represent a major constituent of the glycocalyx �
in the brush border. The transmembrane glycoprotein 
CEACAM1 has been shown to be a regulator of tissue 
homeostasis through differentiation-dependent apoptosis in 
the milk ducts of the human breast [12] and also in colon cells 
[13, 14]. It has been known for years that CEACAM1 expres-
sion is lost in the great majority of all colorectal neoplastic 
lesions [15, 16]. More recent studies have demonstrated that 
failure to express CEACAM1 during colonocyte differentia-
tion occurs very early in colon tumorigenesis and, interest-
ingly, equally frequent in neoplastic and hyperplastic tumor 
lesions [12, 13]. Dysregulated expression in colon tumors has 
also been described for other CEACAMs [15–17], although 
their patterns and functions are less clear.

We investigated CEACAM1 expression in a group of 
HNPCC and FCC-X tumors from patients initially identified 
using the clinical Amsterdam I, II or Bethesda criteria by im-
munohistochemistry. The aim of our study was to evaluate 
whether expression of CEACAM1 can distinguish between 
HNPCC and FCC-X and also to compare the results from 
these hereditary tumors with respective data available from 
the highly prevalent sporadic CRC. A comparable rate of 
CEACAM1 loss would corroborate the notion that CRCs 
with different genetic defect cascades share a common ances-
tor and develop through genetic selection.

Materials and Methods

Paraffin-embedded tissues samples from patients classified according to 
clinical criteria were included in this study.

Molecular MSI Analysis
All samples were typed into HPCC and FCC-X using molecular and 
immunohistochemical methods. DNA from tumors and corresponding 
normal tissues was extracted and analyzed for MSI using a marker panel 
consisting of 7 different loci containing dinucleotide and 1 locus contain-
ing mononucleotide repeated sequences, as described by Chaves et al. 
[18]. MSI was graded as high (MSI-h) and stable (MSS) according to the 
numbers of positive markers (at least 30% and 0%, respectively).

Immunohistochemical Analyses
Sections from paraffin-embedded tissue containing tumor and adjacent 
normal mucosa were examined. Antigen retrieval was done by standard 
microwave heating technique using either 10 mM citric buffer (pH 6.0) 
for 10 min at 650 W or 1 mM EDTA buffer (pH 8.0) for 2 min at 650 W, 
followed by 8 min at 170 W. For the expression of MMR proteins, the 
following monoclonal antibodies (mab) were used in dilutions (v/v) as 
suggested by the manufacturers: anti-hMLH1 G168–728 (BD Pharmin-
gen, Life Science Research, Heidelberg, Germany) diluted 1:240, anti-
PSM2 A16–4 (BD Pharmingen) diluted 1:300, anti-MSH2 FE 11 (Calbio-
chem, EMD, San Diego, CA, USA) diluted 1:80, and anti-MSH6 clone 44 
(BD Biosciences, Life Science Research, Heidelberg, Germany) diluted 
1:600. The accumulation of b-catenin was tested for using mab clone 14 
(BD Bioscience, Heidelberg, Germany) diluted 1:2500. To assess apopto-
sis or proliferation in the tissue sections, mab M30 CytoDeath (Roche, 
Mannheim, Germany) diluted 1:50 or anti-Ki67 antibody MIB-1 (Dako 
Cytomation, Glostrup, Denmark) diluted 1:75 were used, respectively. 
For CEACAM1 and CEACAM5, mab 29H2 (Novocastra, Newcastle, 

Introduction

In Western civilizations, CRC represents one of the most 
prevalent cancers [1]. Over the last 20 years, genetic analyses 
of the hereditary CRC forms have generated important in-
sights into the pathomechanisms of neoplastic transformation 
and progression that are also applicable to the sporadic CRC 
forms [2]. Firstly, defects of the Wnt/b-catenin signaling path-
way are responsible for the very rare familial adenomatous 
polyposis (FAP) and lead to tumors that show chromosomal 
instability but are stable in their microsatellite markers 
(microsatellite stability, MSS). Secondly, defects of the DNA 
mismatch repair (MMR) system are the molecular basis for 
the hereditary non-polypous colorectal cancers (HNPCCs) 
and will lead to microsatellite instability (MSI) and mutator 
phenotype, which is the hallmark of this entity. HNPCC is 
defined by the presence of germ-line mutations in any of the 
MMR genes (e.g. hMLH1, hMSH2 and, less frequently, 
MSH6 and PMS2). Traditionally, HNPCCs were identified by 
using clinical criteria (e.g. Amsterdam I, Amsterdam II, 
Bethesda) prior to immunohistochemical or/and genetic test-
ing. Importantly, these defect patterns are closely linked to 
the pathobiochemistry of the highly prevalent sporadic CRC 
[3], implying that they are important for neoplastic growth 
and malignant progression. Indeed, analyses of chromosomal 
instability (CIN) and MSI tumors have shown remarkably 
consistent but largely different mutational spectra for the �
2 tumor entities. For example, in CRC of the CIN type, neo-
plastic transformation most often starts with a loss of function 
of the APC gene, followed by mutations in other genes in-
cluding kras, Smad4, DCC, and p53 [4]. In comparison, MMR 
defects will lead to subsequent instability within coding micro-
satellites that result in altered gene products of genes like 
TGFBR2, BRAF, IGF2R, PTEN, BAX, or Caspase-5 [5].

Recently, an additional entity of CRC termed familial 
colorectal cancer type X (FCC-X) has been identified among 
HNPCC patients as classified by the Amsterdam I and II or 
Bethesda criteria [6]. Up to 50% of the suspected patients 
classified by clinical criteria (especially Amsterdam criteria I) 
reveal an MSS without the presence of germ-line mutations, 
reflecting that the FCC-X type of CRC is related to the Lynch 
syndrome by clinical criteria, but is lacking the hallmarks of 
HNPCC regarding MSI and MMR proficiency [6]. Phenotypi-
cally, their histological features show resemblance to sporadic 
CRCs, i.e. later age of onset, preponderance of left-sided 
localization, lower incidence, and no mucin production [7–10]. 
Genes predisposing for FCC-X are currently unknown (re-
viewed in [11]).

CEACAMs are highly homologous adhesion molecules �
of the carcinoembryonic antigen (CEA) family. They are ex-
pressed in various human tissues, where they possess different 
biological functions [11]. In normal human colon mucosa, the 
expression of CEACAM1, CEACAM5 (formerly CEA) and 
CEACAM6 is limited to the differentiation zone of the crypts, 
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UK) diluted 1:50 and mab T84.66 (kindly provided by Dr. J. Shively, 
Beckman Research Institute, City of Hope, Duarte, CA, USA) diluted to 
1.25 mg/ml were used, respectively. For detection of primary antibody 
binding, we used the EliteABC kit (Vector Laboratories, Burlingame, 
CA, USA) according to the manufacturer’s instructions. Immunohisto-
chemical staining was evaluated semi-quantitatively by 2 independent in-
vestigators using conventional light microscopy. Expression of 
CEACAM1 or CEACAM6 was scored in comparison to adjacent mucosa 
as follows: no expression or strongly diminished ‘–’, diminished ‘+’, i.e. 
below 50% of normal staining intensity, normal ‘++’, or ‘+++’ indicating 
overexpression. For CEACAM5, normal staining intensity was scored ‘+’; 
increased or strongly increased staining was scored ‘++’ or ‘+++’, respec-
tively. Similarly, b-catenin staining was rated as absent ‘–’, normal ‘+’, 
elevated ‘++’, and elevated with additional nuclear accumulation ‘+++’. 
For the evaluation of apoptosis, mab M30-stained mucosal cells from �
the upper half of longitudinal crypt sections were counted. The percent-
age of apoptotic cells was calculated separately for tumor lesions and 
corresponding normal tissue [13]. The proliferation labeling index was 
calculated as the percentage of Ki-67-positive cells in 1000 nuclei per 
tumor lesion in the lower crypt half, as described [13].

Statistical Analysis
For comparison of proliferation and apoptosis in FCC-X and HNPCC 
lesions, Welch’s t-test was used.

Results and Discussion

HNPCC syndromes are identified by clinical criteria like 
Amsterdam 1 and 2 or Bethesda and represent the major 
group of inherited CRC predisposition with 4–5% of all CRCs 
[8]. HNPCCs are commonly characterized by MSI-h and 
MMR defects, but up to 40% [9] of these tumors do not 
display these hallmarks. These tumors termed FCC-X show 
differences in phenotypic appearance and are microsatellite 
stable due to their intact DNA mismatch repair capabilities 
[8–10]. Only in cases with questionable MMR status, screen-
ing for germ-line mutations of the MMR was done (data not 

Table 1. Immunohistochemical evaluation of MMR protein expression (MLH1, MSH2 and MSH6) in HNPCC tumors (n = 38) with MSI and FCC-X 
tumors (n = 30) without underlying MSI (MSS)

FCC-X HNPCC

Sample MLH1 MSH2 MSH6 MSI Age, 
years

Sex Sample MLH1 MSH2 MSH6 MSI Age, 
years

Sex

S-01 + + + stable 46 M H-01 – + + high n.s. n.s.
S-02 + + + stable 52 F H-02 + – – high 49 M
S-03 + + + stable 34 F H-03 – + + high 39 M
S-04 + + + stable 64 M H-04 – + + high 43 M
S-05 + + - stable 41 F H-05 + – – high 42 M
S-06 + + + stable 41 F H-06 + – – high 42 M
S-07 + + + stable 48 M H-07 – + + high 24 F
S-08 + + + stable 54 M H-08 – + – high 47 M
S-09 + + + stable n.s. n.s. H-09 + – – high 58 F
S-10 + + + stable n.s. n.s. H-10 + – – high 58 F
S-11 + + + stable n.s. n.s. H-11 + + + high 46 M
S-12 + + + stable 29 F H-12 – + + high n.s. F
S-13 + + + stable 44 M H-13 + – – high 40 F
S-14 + + + stable 40 F H-14 – + + high 32 M
S-15 + + + stable 39 M H-15 + – – high 40 M
S-16 + + + stable n.s n.s. H-16 + + + high 35 F
S-17 + + + stable 70 M H-17 – + + high 42 M
S-18 + + - stable 29 M H-18 – + + high 32 M
S-19 + + + stable 56 F H-19 – + + high 32 F
S-20 + + + stable 36 F H-20 – + + high n.s. n.s.
S-21 + + + stable 48 M H-21 + + – high 56 F
S-22 + + + stable 38 M H-22 + + – high 41 M
S-23 + + + stable 46 M H-23 + – + high n.s. n.s.
S-24 + + + stable 26 F H-24 – + + high n.s. n.s.
S-25 + + + stable 46 F H-25 – + + high 39 M
S-26 + + + stable 70 M H-26 – + + high 44 F
S-27 + + + stable 39 F H-27 + – + high 40 M
S-28 + + + stable 31 M H-28 – + + high 42 M
S-29 + + + stable 61 M H-29 – + + high 39 M
S-30 + + + stable 40 M H-30 – + + high 43 F

H-31 + – + high 46 F
H-32 – + + high 48 M
H-33 + – + high 45 F
H-34 – + + high 37 F
H-35 – + + high 55 F
H-36 – + + high 39 M
H-37 + – – high 47 M
H-38 + + + high 46 M

Overall, 35 of the 68 patients are male (M), 25 female (F), and 8 are not specified (n.s.). The median age is 42.5 years for HNPCC and 42.0 years �
for FCC-X.
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shown). Final classification of these tumors was done regard-
ing their germ-line status. Tumors displaying no alterations 
were classified into the FCC-X group and tumors harboring 
alterations were assigned to the HNPCC group. In our study 
of 68 clinically verified HNPCC cases, we found 44% to 
resemble FCC-X-type CRC (n = 30) whereas 38 cases were 
HNPCCs classified MSI-h on the basis of either microsatellite 
status or expression of hMLH1, hMSH2 and hMSH6 �
(table 1).

All FCC-X tumors were microsatellite stable, but we found 
loss of hMSH6 expression in 2 cases. These 2 FCC-X cases 
with no proven germ-line mutation in MMR are thought to 
accumulate hMSH6 deficiency by accident, not as a ‘driver 
mutation’. In contrast, the lesions of the HNPCC group with 
MSI-h showed MMR deficiencies in a heterogeneous way, 
with either loss of hMLH1 or the combined loss of hMSH2 
and hMSH6 expression. In 1 tumor (2.6%), expression of 
hMLH1, hMSH2 and hMSH6 could be demonstrated. We did 
not exclude rarely occurring mutations in PSM2 or other 
MMR-related genes. Alternatively, the classification of this 
tumor as HNPCC may have been unjustified and emphasizes 

the importance to evaluate other markers in order to classify 
the nature of hereditary tumors in these cases [7].

The dysregulation of the CEACAM family members 
during colon tumorigenesis is very common, affecting all 
members of the gene family expressed in colon mucosa. 
Higher expression of CEACAM6 is observed in hyperplastic 
polyps and adenomas [17] and has indeed been reported in 
the earliest report on CEACAM dysregulation in the majority 
of CRCs [15]. In our study, CEACAM6 expression is in-
creased in 34.2% and 33.3% of HNPCC and FCC-X tumors, 
respectively (fig. 1). CEACAM5 expression is unchanged in 
37.9% of the FCC-X lesions and in 47.3% of the HNPCCs, 
while it is overexpressed in 17.2% and 13.2%, respectively. 
We noted a tendency to decreased CEACAM5 expression in 
44.9% compared to 39.5% of the cases in FCC-X tumors or 
HNPCCs, respectively. The variant expression levels of 
CEACAM5 confirmed earlier reports in sporadic CRC [15]. 
These data concur with comparisons between HNPCC tumors 
and the highly prevalent sporadic MSS CRC, revealing no 
impact of MMR defects on CEACAM5 expression [19]. 
Finally, the loss of CEACAM1 is the most pronounced obser-
vation in HNPCC and FCC-X. In comparison to other colon 
tumors of both hyperplastic and neoplastic origin so far inves-
tigated [13, 15–17], we now demonstrate that the expression 
of CEACAM1 is affected in these hereditary tumors at the 
same frequencies (fig. 1). Indeed, 96.7% (29/30) of the FCC-X 
and 94.7% (36/38) of the HNPCC cases showed a severe 
decrease or complete loss of CEACAM1.

These results demonstrate for the first time that the altera-
tions in the expression of CEACAMs are basically indistin-
guishable between hereditary CRC tumors that have devel-
oped from different genetic defects. We also conclude that no 
differences exist between the sporadic CRCs and the heredi-
tary forms investigated with respect to both frequencies and 
grades of CEACAM1 loss. Furthermore, no differences exist 
between the CRCs classified as HNPCC, whether of MSI-h 
character or FCC-X. It is reasonable to assume that mucosal 
CEACAM1 expression would also be missing in the heredi-
tary FAP syndrome, rare tumors sharing with the sporadic 
CRC the defects of the Wnt signaling pathway as their under-

Fig. 1. (A) Hematoxylin and eosin staining und 
immunohistochemistry of serial tissue sections 
for CEACAM1, 5 and 6 in representative 
tumors of FCC-X (a–d) and HNPCC tumors 
(e–h). Antigens detected are indicated for each 
row. A notable change in antigen expression 
was found for CEACAM1 and CEACAM6 �
in tumors compared to adjacent normal tissue. 
(B) Comparison of expression changes for 
CEACAM1, 5 and 6 in FCC-X and HNPCC 
tumors. Decreased or lost expression is labeled 
as ‘–’; increased expression is given as ‘++’ or 
‘+++’.

Fig. 2. Comparison of b-catenin staining intensities in tissue sections of 
FCC-X and HNPCC tumors. Regular staining was scored as ‘+’, increased 
staining as ‘++’, and increased staining with additional nuclear accumula-
tion was scored as ‘+++’. For 1 HNPCC tumor, b-catenin staining could 
not be performed.
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of colorectal carcinogenesis [13]. In this recent model, it has 
been proposed that failure to express CEACAM1 is an im-
portant contributor to hyperplastic tumor development. 
These tumor forms almost invariably regress due to non-per-
missive, i.e. lethal, molecular defects. However, neoplastic 
transformation can be selected for in very rare cases through 
the contraction of critical, i.e. permissive, genetic or epigene-
tic defects in the Wnt signaling pathway or the MMR system. 
The data presented in this study support this hypothesis. They 
show that CEACAM1 loss is the common denominator link-
ing CRCs of very distinct genetic make-up. The causes for the 
dysregulation of CEACAM expression and loss of differentia-
tion-dependent apoptosis are not known. Further investiga-
tions are imperative to answer this question and to clarify the 
concept of permissive mutations under the condition of 
CEACAM1 down-regulation as a pacemaker of colorectal 
tumor development.
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lying pathomechanism of the CIN type. Specifically, 
CEACAM1 expression is not different between Wnt-/APC-
defective sporadic CRCs and tumors expressing APC on the 
basis of b-catenin overexpression [13]. Our findings of altera-
tions in CEACAM expression support the idea of molecular 
similarities between sporadic MSS, CRC and FCC-X, as 
shown for the RAS/RAF and Wnt pathway by Sanchez-de-
Abajo et al. [20]. Additionally, our results confirm that hered-
itary-type FCC-X and HNPCC CRCs show low levels of �
b-catenin accumulation [20] (fig. 2). Due to the distribution 
pattern of the b-catenin expression, we can conclude that the 
role of b-catenin within the underlying pathway is less impor-
tant than the CEACAM dysregulation for the carcinogenesis 
of HNPCC and FCC-X tumors. In any case, the b-catenin 
immunohistochemical analysis confirms that deregulation of 
the Wnt pathway is not a common carcinogenic mechanism in 
these subgroups of tumors. Taken together, we have shown 
that the alterations in the expression of CEACAMs, most 
notably of CEACAM1, occur in different types of hereditary 
CRC with the clinical phenotype of HNPCCs. Together with 
the data in the literature, this confirms and also extends the 
possible role of CEACAM1 in tumor generation as presented 
in recent reports about CEACAM1 as important regulator of, 
presumably differentiation-dependent, apoptosis [12–14]. For 
proliferation and apoptosis, we could not detect significant 
differences between the tumor entities analyzed in our study 
(fig. 3). The p values of the 2-sided Welch t-test for prolifera-
tion and apoptosis were p = 0.15 and p = 0.63, respectively.

The failure to express the cell membrane adhesion mole-
cule CEACAM1 already in the great majority of earliest, 
microscopic hyperplastic colon crypt lesions has led to the 
proposal of a modified genetic multi-step (Vogelstein) model 

Fig. 3. (A) Detection of apoptotic cells based 
on M30 immunohistochemistry staining. The 
number of positive cells for both normal mu-
cosa (NM) and tumors (T) was counted sepa-
rately. (B) Proliferation in FCC-X and HNPCC 
tumors was detected by staining for Ki-67 anti-
gen. Due to insufficient tissue, Ki-67 staining 
could not be performed for all HNPCC tumors. 
Differences in proliferation did not reach 
statistical significance based on Welch’s t-test 
(p = 0.1452).
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