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Small adenocarcinomas of the colorectum showing
no evidence of origin from an adenoma have been
called de novo carcinomas, a name that implies an
origin via a different molecular genetic mechanism
than the usual colorectal carcinoma which develops
from an adenoma. Using microsatellite analysis, 35
early (pT1) de novo and 36 pT1 ex-adenoma carcino-
mas were compared using 8 microsatellite loci at 6
different chromosomal loci (1p, 2p, 8p, 5q, 17p, and
18q) known or hypothesized to be important for colo-
rectal carcinogenesis. The rate of loss of heterozygos-
ity (LOH) at the 17p locus (near the p53 gene) was
significantly higher in the de novo than in the ex-
adenoma group (73 vs. 37%, P 5 0.004). The rates of
LOH at the other loci (including the APC and DCC
genes) and the rate of MSI were not significantly dif-
ferent in the two groups. These results indicate that
de novo carcinomas of the colorectum develop via a
similar carcinogenetic pathway as conventional ex-
adenoma carcinomas; however, their higher rate of
LOH at 17p is evidence for a biologically more advanced
lesion with more frequent p53 mutations, consistent
with clinicopathological data indicating that de novo
carcinomas are more aggressive than ex-adenoma car-
cinomas. (Am J Pathol 1998, 153:1977–1984)

Among all neoplastic processes, the stepwise develop-
ment of colorectal carcinoma is perhaps the most ex-
haustively described with respect both to its morphology
and to its molecular pathological events.1 It is now ac-
cepted that most, if not all, colorectal carcinomas arise
through a series of morphologically definable steps be-
ginning with the formation of an adenoma. As its size
increases, the development of high grade dysplasia and
then invasive carcinoma is increasingly likely, so that the

endoscopic removal of large (.1 cm in diameter) polyps
is recommended for prevention of colorectal cancer.2

In Japan over the last 10 to 15 years, the improvement
and widespread use of endoscopy has been a crucial
factor in the frequent detection of early gastric carcino-
mas. Endoscopically, early gastric carcinomas are seen
predominantly as flat, plaque-like lesions and are seldom
observed to arise from well-defined adenomas as in the
colorectum.3 The Japanese began to detect similar flat,
plaque-like lesions in the colorectum (analogous to those
in the stomach) which, because they had no endoscopic
or histological evidence of polypoid adenoma formation,
were called de novo carcinomas.4 Their clinical signifi-
cance rests on the fact that these de novo carcinomas are
small, inconspicuous lesions and are therefore difficult to
detect in comparison to polypoid lesions. In addition,
some studies have indicated that they may be more
aggressive (ie, show higher rates of lymphatic vessel
invasion and lymph node metastases) than carcinomas
developing from polypoid adenomas.5,6

Unfortunately, although it may be an important clinico-
pathological entity, the concept of de novo carcinoma has
not gained much acceptance, particularly in the Western
world, because the name de novo implies that these lesions
develop via an alternate pathway of carcinogenesis without
a precursor lesion. Some molecular studies have been per-
formed, primarily in Japan, to attempt to test the hypothesis
that these de novo carcinomas arise along a separate path-
way. While some differences have been seen, particularly
with respect to a lower percentage of K-ras mutations in de
novo carcinomas,7 the small numbers studied and the vary-
ing definitions used for these lesions in Japan and the West
do not clearly establish the existence of an alternate carci-
nogenetic pathway for these lesions.

In a previous study, we found that p53 overexpression
detected by immunohistochemistry was significantly
more frequent in a group of de novo carcinomas than in a
group of carcinomas that had morphological evidence of
origin from an adenoma (ex-adenoma carcinomas).8 In
the present study we compared the rates of microsatellite
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instability (MSI) and loss of heterozygosity (LOH) at gene
loci that have been shown to be particularly important for
colorectal carcinogenesis: APC (adenomatosis polyposis
coli), DCC (deleted in colon carcinoma), and p53 genes,
and three additional sites (1p, 2p, and 8p) that have been
hypothesized to be sites of tumor suppressor genes im-
portant for colorectal carcinogenesis. Our goal was to
see if evidence of a separate pathway of colorectal car-
cinogenesis for these de novo carcinomas exists and
whether there might be any genotypic explanation for
their apparently more aggressive phenotype.

Materials and Methods

Lesions

The study was carried out as a comparison of two groups of
early (pT1) colorectal carcinomas which were defined as
either de novo or ex-adenoma carcinomas as in our previ-
ous study.8 In the first group (de novo carcinomas) were
carcinomas with invasion into but not beyond the submu-
cosa,9 1 cm or less in diameter with no adenoma (low-grade
dysplasia) elements in their vicinity (Figure 1). All of these
cases were extensively sectioned (at least 20 serial sec-
tions) to ensure, as completely as possible, that no ade-
noma elements were focally present. The requirement that
the de novo carcinomas be 1 cm or less in diameter also
minimized the chance that these were ex-adenoma carci-
nomas in which the adenomatous elements had been de-
stroyed by the tumor. In 19 of the 35 de novo cases, no
remaining mucosal component of the carcinoma was evi-
dent, whereas in the remaining cases high-grade dysplasia
or carcinoma was still identifiable in the mucosa. The com-
parison group (ex-adenoma carcinomas), also pT1 carci-
nomas, consisted of 36 carcinomas with definite adenoma
elements in their vicinity (Figure 2).

Patient Groups

Clinicopathological data for the study groups are shown
in Tables 1 and 2. In the de novo carcinoma group (Table
1) there were 35 patients, 17 males and 18 females, with
an average age of 64.4 (range, 30–83). All but one of the
de novo carcinomas were located in the left colon or
rectum. These lesions had an average size of 0.79 cm
(range, 0.3–1.0 cm). With the exception of two cases, all
had been removed by polypectomy. The majority were
moderately differentiated. The comparison group of ex-
adenoma carcinomas (n 5 36) had clinicopathological
characteristics comparable to the de novo group, as Ta-
ble 2 shows. The average age of these patients was 68.2
(range, 39–91), there were 21 males and 15 females, all
but one of the specimens had been removed by polypec-
tomy, and all but three were located in the left colon or
rectum. Histologically, the majority of these tumors were
also moderately differentiated; a slightly higher number
than in the de novo group (8 vs. 2) were poorly differen-
tiated. The average size of these ex-adenoma lesions
(carcinoma and adjacent adenoma) was 1.95 cm (range,
0.7–3.2 cm). None of the patients in either group had a

known familial colon carcinoma syndrome such as famil-
ial adenomatous polyposis (FAP) or hereditary non-pol-
yposis colon carcinoma (HNPCC).

DNA Extraction

Paraffin blocks from the lesions of the two groups were
obtained from the Department of Pathology, Klinikum
Bayreuth, Bayreuth, Germany and the Department of Pa-
thology, Klinikum rechts der Isar, Technical University of
Munich. Sections measuring 5 mm in thickness were cut
from these tissue blocks onto glass slides and briefly
stained (10 seconds) with hematoxylin. Under micro-
scopic inspection, invasive carcinoma and normal- ap-
pearing mucosal areas from each case were scraped off
the slides into Eppendorf tubes containing buffer. The
DNA was then extracted by a previously described meth-
od.10 The carcinomatous areas selected for microdissec-
tion were taken from areas invading the submucosa and
were composed of at least 70% tumor cells to minimize
contamination by normal cells.

Figure 1. Example of a de novo colorectal carcinoma. This lesion was seen
endoscopically as a reddish plaque, 0.8 cm in diameter with central depres-
sion. In this histological section, carcinoma is seen invading the submucosa
with lymphatic vessel invasion (arrows) at the invasive tumor front. No
adenoma elements are seen in the vicinity of the tumor and there is a sharp
transition from the carcinoma to the normal-appearing mucosa at its edge
(H&E stain, original magnification, 325).
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Chromosomal Loci

Eight microsatellite loci (all (CA)n repeats) on 6 different
chromosomal arms (shown in Table 3) were selected for
analysis. These included three regions known to be in-
volved in colon carcinogenesis: D5S346–5q21 and
D5S107–5q11.2-q13.3,11 directly adjacent to and in the
vicinity of the APC gene, respectively, D18S34 (18q12.2)
and D18S487 (18q21)12 on 18q at the site of the DCC tumor
suppressor gene, and D17S52013 at 17p12 near the p53
gene. Three additional chromosomal areas which had been
described as potentially playing a role in colon carcinoma
development and progression were also investigated and
included the D1S447 locus at 1p32,14 the D2S123 locus at
2p16–21,15 and the D8S137 locus16 at 8p21-p12.

Microsatellite Analysis

Two milliliters of a 1:10 dilution from each of the ex-
tracted DNA samples were amplified by polymerase
chain reaction (PCR) using primer pairs for the eight
loci. One oligonucleotide of each the primer pairs was
labeled with 6-FAM, TET, or HEX. The internal size

standard, GS 500 (Applied Biosystems, Norfolk, CT),
was labeled with TAMRA. PCR was carried out in a
25-ml mixture containing 10 mmol/L Tris-HCl (pH 8.3),
1.0 or 1.5 mmol/L MgCl2, 0.01% (w/v) gelatin, 200 mM
dNTP, 0.04 mM of each primer, 1.25 U Taq polymerase
and 2 ml of extracted DNA. After an initial denaturation
step for 4 minutes at 94°C, 35 cycles consisting of 30
sec at 94°C, 30 sec. at 55– 60°C, 30 sec. at 72°C
followed by a final extension step of 4 minutes. at 72°C.
The resulting products were diluted 1:10 to 1:2, after
which 1 ml was mixed with 2 ml formamide, 0.5 ml gel
loading buffer, and 0.5 ml size standard, followed by
gel electrophoresis on a Long Ranger Hydrolink gel
(Biozym, Oldendorf, Germany) in 13 TBE buffer in an
automated fluorescent DNA sequencer (ABI 377, Ap-
plied Biosystems). The data were automatically col-
lected and analyzed by Genescan software (Perkin
Elmer Corp., Branchburg, NJ) to quantify peak size,
height, and area under the curves. The ratio of the
allele peak areas was calculated for the paired normal
and tumor samples. The resulting allele ratio for the
tumor sample was then divided by the allele ratio of the
normal sample and, if above 1.00, converted to give a
result ranging from 0.00 –1.00. When this result was
0.60 or lower (40% reduction of a tumor allele), the
case was scored as allelic imbalance and interpreted
as a loss of heterozygosity (LOH) (Figure 3). MSI was
scored when, in at least one locus, the carcinoma
showed at least one definite new peak compared to its
paired normal DNA sample. LOH was not scored in
cases positive for MSI. Abnormalities (MSI or LOH)
were confirmed by a second electrophoresis and au-
tomated analysis. All of the cases were amplified by
PCR at each of the eight loci. Cases in which the
normal DNA sample was homozygous were classified
as uninformative.

Immunohistochemistry for p53

Immunohistochemistry for p53 protein was performed as
previously described8 with the D01 monoclonal antibody
(Oncogene Science, Cambridge, MA) used at a 1:100
dilution after microwave treatment (2 3 5 minutes, 750
Watts) with antigen retrieval solution (HK0500–5K, Bio-
Genex GmbH, Mainz, Germany). Development was with
the APAAP method (23) using Neufuchsin (Dianova
GmbH, Hamburg, Germany) as the reaction indicator. A
case was scored as positive for overexpression when
more than 10% of the cells in the entire carcinomatous
component showed a positive nuclear reaction. Of the de
novo carcinomas, 27 were part of the earlier p53 immu-
nohistochemical study8 and 8 were new cases not pre-
viously reported. Of the ex-adenoma cases, the results of
p53 immunohistochemistry were previously reported for
24 cases, and 12 were previously unreported cases.
(Cases selected for this study had sufficient areas of
invasive carcinoma and adjacent normal-appearing mu-
cosa that could be reliably separated from one another
by microdissection.)

Figure 2. Example of an ex-adenoma carcinoma. This lesion was a polypoid
adenoma 1.5 cm in diameter and contained an area of carcinoma invading
the submucosa seen in the left hand side of the picture. Remaining adenoma
elements are seen in the upper right and nonneoplastic-appearing mucosa in
the lower right (H&E stain, original magnification, 325).
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Statistical Analysis

Statistical analysis for comparison of the two groups was
performed using the x2 test or the Fisher two-tailed test. A
P value ,0.05 was considered statistically significant.

Results

Microsatellite Instability

Results of the microsatellite analysis are summarized for
each locus in Table 4. Three of the ex-adenoma carcino-
mas (two cases at D1S47 and one case at D17S520) and
five of the de novo carcinomas showed MSI (one case
each at D8S137 and D2S123, two cases at D18S34, and
one case at both D5S107 and D17S520), an overall rate
of 11%. Seven of the eight cases had MSI at only one
locus. The remaining case, a de novo carcinoma, had
MSI at two loci.

Loss of Heterozygosity

The percentage of cases with LOH, calculated as (cases
of LOH)/(informative cases 2 cases with MSI), varied
among the loci with the D17S520 (17p), D18S487 (18q),
D18S34 (18q), D5S346 (5q), D5S107 (5q), and the

D8S137 (8p) loci showing the highest rates, in that order.
The D1S447 (1p) locus for both the de novo and ex-
adenoma groups and the D2S123 (2p) locus for de novo
group had rates of LOH below 20%, suggesting a lack of
association with carcinogenesis for these loci.

A comparison of the rates of LOH between the de novo
and ex-adenoma carcinoma groups showed a significant
difference at the D17S520 locus of 73% vs. 37%, respec-
tively (P 5 0.0043). The D2S123 locus had a slightly but
not significantly higher rate of LOH in the ex-adenoma
group (5% vs. 27% respectively, P 5 0.055). There were
no significant differences between the groups in the rates
of LOH at the remaining loci.

Within the de novo group, we also compared those
cases with a remaining intramucosal carcinomatous
component (16 cases) with the 19 cases with no remain-
ing identifiable intramucosal elements. There were no
significant differences between these subgroups in the
rates of LOH or MSI at any of the 8 loci examined.

p53 Protein Overexpression

Although some of the cases in both the de novo and
ex-adenoma groups were new in comparison to our pre-
vious study, the difference in rates of p53 overexpression
seen in these cases was similar to that observed in the

Table 1. De Novo Carcinomas: Clinicopathological Data

Case Sex Age Specimen pT G Size (cm) Site

1 F 77 PE 1 2 0.8 Sigmoid
2 F 71 PE 1 2 1.0 Rectum
3 F 71 PE 1 2 1.0 Sigmoid
4 F 66 PE 1 2 0.7 Sigmoid
5 M 59 PE 1 1 0.7 Sigmoid
6 M 63 PE 1 2 0.5 Rectum
7 F 66 PE 1 2 0.5 Left flexure
8 M 48 PE 1 2 0.7 Rectum
9 M 68 RS 1 2 1.0 Sigmoid

10 F 73 PE 1 3 1.0 Sigmoid
11 M 71 PE 1 2 0.6 Sigmoid
12 F 57 PE 1 2 1.0 Sigmoid
13 F 75 PE 1 2 0.9 Rectum
14 F 80 PE 1 2 1.0 Rectum
15 M 83 PE 1 2 0.7 Rectum
16 F 69 PE 1 2 0.7 Sigmoid
17 F 68 PE 1 2 1.0 Sigmoid
18 M 54 PE 1 2 1.0 Sigmoid
19 M 51 PE 1 2 0.6 Sigmoid
20 M 61 PE 1 2 0.6 Sigmoid
21 M 48 PE 1 2 1.0 Sigmoid
22 F 72 PE 1 2 1.0 Sigmoid
23 F 74 PE 1 2 0.6 Sigmoid
24 M 57 PE 1 1 0.8 Sigmoid
25 F 73 PE 1 2 0.6 Rectum
26 F 55 PE 1 2 0.9 Right flexure
27 M 58 PE 1 1 0.9 Rectum
28 M 82 RS 1 1 0.9 Sigmoid
29 F 70 PE 1 2 0.7 Descending
30 F 30 PE 1 1 0.6 Sigmoid
31 M 65 PE 1 1 0.9 Sigmoid
32 M 66 PE 1 2 0.3 Sigmoid
33 M 47 PE 1 2 0.9 Rectum
34 M 75 PE 1 3 0.7 Descending
35 F 51 PE 1 2 0.9 Rectum

PE, polypectomy; RS, resection; G, differentiation.
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previous study. With 23 of 35 (66%) of de novo and 15 of
36 (42%) of ex-adenoma cases showing overexpression,
there is a significantly higher rate (P 5 0.042) in the de
novo group. A correlation of p53 immunohistochemistry
results with microsatellite analysis at the D17S520 locus
for the two groups is shown in Table 5. This correlation
was better for the ex-adenoma than for the de novo

group. Eight of the de novo cases had no LOH at
D17S520, but 7 of these were positive for p53 overex-
pression by immunohistochemistry, compared with only 4
of the 19 ex-adenoma cases without LOH at this locus. Of
the 22 de novo cases with LOH at D17S520, 8 were
negative by p53 immunohistochemistry, compared with
the ex-adenoma cases, only 1 of 11 of which showed LOH.

Table 2. Ex-Adenoma Carcinomas: Clinicopathological Data

Case Sex Age Specimen pT G Size (cm) Site

1 67 F PE 1 2 1.6 Rectum
2 70 M PE 1 2 2.0 Sigmoid
3 82 F PE 1 2 1.5 Rectum
4 55 F PE 1 2 2.0 Rectum
5 67 F PE 1 2 1.9 Right flexure
6 65 F PE 1 2 2.0 Rectum
7 54 F PE 1 1 2.0 Rectum
8 74 F PE 1 2 1.9 Sigmoid
9 66 F PE 1 2 2.0 Sigmoid

10 64 F PE 1 2 2.0 Sigmoid
11 70 M PE 1 2 3.0 Sigmoid
12 42 M PE 1 1 2.0 Sigmoid
13 75 M PE 1 2 1.5 Sigmoid
14 73 M RS 1 2 2.8 Ascending
15 81 M PE 1 2 3.2 Sigmoid
16 67 M PE 1 1 1.9 Sigmoid
17 60 M PE 1 2 3.0 Rectum
18 64 M PE 1 2 2.0 Sigmoid
19 79 M PE 1 2 1.7 Sigmoid
20 75 F PE 1 1 0.7 Sigmoid
21 57 F PE 1 2 1.9 Sigmoid
22 64 F PE 1 2 1.5 Sigmoid
23 83 M PE 1 2 2.6 Sigmoid
24 60 F PE 1 1 1.3 Sigmoid
25 65 M PE 1 2 2.5 Sigmoid
26 78 M PE 1 2 1.5 Sigmoid
27 91 M PE 1 2 2.0 Sigmoid
28 74 M PE 1 2 2.5 Rectum
29 82 M PE 1 2 1.2 Rectum
30 72 M PE 1 1 2.5 Sigmoid
31 71 F PE 1 2 1.4 Rectum
32 39 M PE 1 3 2.4 Rectum
33 65 M PE 1 2 1.1 Sigmoid
34 75 F PE 1 2 2.0 Transverse
35 60 M PE 1 1 1.1 Sigmoid
36 69 M PE 1 1 2.1 Sigmoid

PE, Polypectomy; RS, Resection; G, differentiation.

Table 3. Microsatellite Loci used for MS Analysis

Chromosome Locus Repeat Sequence 59 to 39

17p12 D17S520 (CA)n GGA GAA AGT GAT ACA AGG GA
GG AGA AAG TGA TAC AAG GGA

5q21 D5S346 (CA)n AGC AGA TAA GAC AGT ATT ACT AGT T
AC TCA CTC TAG TGA TAA ATC GGG

5q11.2-q13.3 D5S107 (CA)n GGC ATC AAC TTG AAC AGC AT
GAT CCA CTT TAA CCC AAA TAC

18q12.2 D18S34 (CA)n CTC ATG TTC CTG GCA AGA AT
CAG AAA ATT CTC TCT GGC TA

18q21 D18S487 (CA)n ACA ATC AGA AAC CCG CCA
AGC TGA CTT AGG TAG ATT TTC CTC G

1p32 D1S447 (CA)n TTA GTC TGA GTT TGT GGG GG
GTT TTA ACT TCA TGG CTG CC

2p16-21 D2S123 (CA)n GGA CTT TCC ACC TAT GGG AC
AAA CAG GAT GCC TGC CTT TA

8p21-p12 D8S137 (CA)n AAA TAC CGA GAC TCA CAC TAT A
GCT AAT CAG GGA ATC ACC CAA

LOH in de Novo and Ex-Adenoma Colon Carcinoma 1981
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Discussion

The question of whether de novo carcinoma of the colo-
rectum represents a distinct clinicopathological entity is
important from both theoretical and clinicopathological
points of view. The name given to these lesions suggests
that they arise from normal colorectal mucosa without any
intervening precancerous steps, a pathway which has
been suggested by some authors.17,18 In light of the
morphological and molecular biological evidence that

has accumulated over the past 10–20 years for the step-
wise development of carcinoma in the colorectum,1,19,20

such a concept is extremely difficult, if not impossible, to
accept. For this reason, despite the clear morphological
evidence collected in Japan,17,21 the existence of very
small but already invasive colorectal carcinomas not as-
sociated with an adenoma has not been widely accepted
in the Western world.22 This is not a purely academic
question, because these lesions are both difficult for the
endoscopist to detect and apparently more aggressive
than conventional ex-adenoma carcinomas, as evi-
denced by higher rates of regional lymph nodes metas-
tases reported for them in the few available studies.4,23

To clarify the origin of these lesions, a few molecular
pathological studies of de novo colorectal carcinomas
have been performed, mostly in Japan. Hasegawa,24

using single strand confirmational polymorphism (SSCP)
analysis, found 12 of 30 de novo versus 11 of 30 “polyp-
forming cancer” with mutations of p53. Using sequence
analysis, Aoki25 reported p53 mutations in 4 of 6 and APC
mutations in 2 of 6 cases of de novo carcinomas. Perhaps
the clearest finding to date has been that of a relative lack
of mutations in the K-ras gene in de novo carcinomas and
other flat lesions of the colorectum, as reported in several

Figure 3. a: Example of microsatellite analysis at locus D17S520 in a case of
de novo carcinoma. The upper panel shows the normal DNA sample with
two clearly identifiable peaks representing the two normal alleles. The lower
panel shows tumor DNA, also with two peaks, but one is markedly smaller
than the corresponding peak in the normal DNA sample. The ratio (T/N) of
allele ratios was 0.39, a reduction of 61%, an allelic imbalance interpreted as
LOH. b: Example of microsatellite analysis at locus D5S346 in a case of
ex-adenoma carcinoma. Again, the upper panel shows the normal DNA
sample with two clearly identifiable normal alleles. The lower panel shows
tumor DNA with only one peak, ie, an LOH.

Table 4. Results of Microsatellite Analysis

MS Locus Type Cases Inf MSI LOH P

D17S520 De novo 35 31 1 22 0.00431
ex-adenoma 36 31 1 11

D5S346 De novo 35 30 0 12 N.S.
ex-adenoma 36 30 0 11

D5S107 De novo 35 28 1 9 N.S.
ex-adenoma 36 30 0 8

D18S34 De novo 35 30 2 14 N.S.
ex-adenoma 36 27 0 14

D18S487 De novo 35 25 0 16 N.S.
ex-adenoma 36 32 0 15

D1S447 De novo 35 28 0 4 N.S.
ex-adenoma 36 29 2 1

D2S123 De novo 35 23 1 1 N.S. (0.055)
ex-adenoma 36 26 0 7

D8S137 De novo 35 28 1 7 N.S.
ex-adenoma 36 27 0 9

N.S., not significant.

Table 5. Correlation between p53 IHC and MS Analysis
at D17S520

MS Analysis Total

IHC Result

Negative Positive

De novo cases
Uninformative 4 2 2
MSI 1 1 0
Normal pattern 8 1 7
LOH 22 8 14

Total 35 12 23

Ex-adenoma cases
Uninformative 5 5 0
MSI 1 0 1
Normal pattern 19 15 4
LOH 11 1 10

Total 36 21 15

1982 Mueller et al
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studies.26 However, these findings are difficult to inter-
pret, particularly for a Western reader, because there is no
uniform definition of “de novo carcinoma” and because in-
tramucosal lesions that have not yet invaded the submu-
cosa are considered to be carcinomas in Japan and have
been included in all of these studies. With this in mind, we
defined our lesions so that they fulfilled the definition of “de
novo” as it is used in Japan but also were carcinomas (ie,
with invasion of the submucosa) according to the Western
definition.9 In addition, we selected only invasive areas of
tumor from each group to provide the best possible com-
parison between them.

The most striking result we observed was the signifi-
cant difference in rates of LOH between de novo and
ex-adenoma carcinomas at the D17S520 (17p) locus
located near the p53 gene. This result fits with findings of
our previous study8 showing a significantly higher rate of
p53 protein overexpression in de novo carcinomas com-
pared to ex-adenoma carcinomas. The incidence of p53
mutations has been shown to increase with tumor pro-
gression in the colorectum,20 so the higher rate of LOH at
17p together with a higher rate of p53 protein overex-
pression indicates a more biologically advanced lesion
and fits with the observed aggressiveness of these le-
sions. As mentioned above, Hasagawa24 also studied
p53 mutations in de novo carcinoma by PCR-SSCP anal-
ysis, and, even taking into account only the lesions which
had invaded the submucosa, found a slightly but not
significantly higher mutation rate in his de novo carcino-
mas (9/18 de novo versus 7/17 in “polyp forming” can-
cers). The discrepancy between his study and ours may
be due to the smaller number of cases in his study, the
different method of analysis, or perhaps a difference in
the microdissection technique (for example, selecting
intramucosal rather than clearly invasive components).

An additional finding with regard to p53 in our cases
resulted from a comparison of microsatellite analysis at
the 17p locus and immunohistochemistry for p53 (Table
5). The ex-adenoma group showed a better correlation
between the two techniques than the de novo group, due
primarily to the 8 de novo cases that were negative for
p53 over-expression by immunohistochemistry but still
had an LOH at 17p12. There are two possible explana-
tions for this discrepancy. First, the LOH at 17p12 may
affect a gene other than p53 and so have no effect on the
p53 gene itself. Second, the LOH may be a sign for a
mutation of p53 which fails to produce a protein recog-
nized by the D01 antibody. It is also interesting that 7 de
novo cases (compared to 4 ex-adenoma cases) had p53
protein overexpression but no LOH or MSI at 17p12.
These cases might have been the result of a point muta-
tion in p53 too small to be detected by the microsatellite
analysis method.

A second important finding was that rates of LOH in the
two groups were remarkably similar at the 5q, 18q, and
8p loci. This indicates that rates of LOH at the APC loci for
both groups are in keeping with the rate described for
adenomas and carcinomas in previous studies.27 A sim-
ilar rate of LOH at 5q for de novo and ex-adenoma car-
cinomas is somewhat surprising because mutations in
APC are known to be particularly important for adenoma

development28 and might not be expected in de novo
carcinoma, which supposedly does not have a precursor
adenoma stage. At the 18q (DCC) loci, the rate of ap-
proximately 50%, which we detected in both groups, fits
well for an early colorectal carcinoma, because this is
slightly higher than the rate reported for large adenomas
(40%) but lower than the rate of about 75% reported for
colorectal carcinomas as a whole.27 The 8p chromo-
somal arm is thought to contain one or perhaps two tumor
supressor genes important for colorectal carcinogene-
sis.16 The rate of 30% that we observed at this locus
again fits well for early carcinoma, because it is slightly
lower than has been reported for colorectal carcinomas
as a whole (45%)16,29 but significantly higher than for
adenomas (10%).

For the 1p locus, the rate of LOH in both groups was
below 20%, indicating that this locus is not important for
development of the tumors in either group. This is despite
the fact that this chromosomal arm has been previously
described as being important in sporadic tumor devel-
opment in the colorectum.14 A possible explanation
might be a difference in the techniques used, because
this previous study used fluorescent in situ hybridization
to detect chromosomal deletions.

The low rate of microsatellite instability which we saw
(overall 11%) is just below the range of 12–20% which
has been reported for sporadic colorectal carcinoma.30

In addition, none of our cases showed MSI at a majority of
the loci tested, a pattern which has been called “wide-
spread MSI.” Our results were not surprising in light of the
fact that nearly all of the lesions in both groups were
located in the left colon, where rates of both widespread
and overall MSI are very low in comparison to the proxi-
mal colon.31 The predominance of left-side lesions in
both groups may have been a result of the exclusion of
cases from patients with a family history of colon cancer
or, perhaps, through earlier detection of these small le-
sions due to symptoms such as blood in the stool. De
novo and ex-adenoma carcinomas in the right colon
might possibly show a different pattern of genetic alter-
ations than the low rate of MSI and the relatively high
rates of LOH at the p53, DCC, and APC loci which we saw
in these left-side colonic lesions.

What do our results signify for the concept of de novo
carcinogenesis? Similar rates of LOH at the APC and
DCC loci indicate that mutations of these genes are
equally important for de novo and ex-adenoma carci-
noma development. The significantly higher rate of LOH
at 17p and the higher rate of p53 protein overexpression
in the de novo groups are clues that the p53 gene or a
gene in its vicinity on 17p plays an important role in the
development of the distinctive histomorphology of these
lesions. Although p53 mutations are generally consid-
ered to be relatively late events in colorectal carcinogen-
esis, one could hypothesize that a p53 mutation might
occasionally take place in a colorectal carcinoma precur-
sor lesion before morphologically recognizable polypoid
adenoma elements have formed or reached a significant
size. Given the evidence from previous studies showing a
relative lack of K-ras mutations in de novo carcinomas,7

the important determinant may be that the p53 mutation
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occurs before, rather than after, the K-ras mutation. Thus,
the de novo carcinoma that we see histologically is the
result of a transformation to an invasive phenotype before
the polypoid adenoma, which usually precedes this step,
has had a chance to develop. A good candidate as a
precursor lesion for the de novo carcinoma is the flat
adenoma, which not only has a similar, inconspicuous
endoscopic appearance,23 but also has been shown to
have infrequent K-ras mutations.26 Although this argues
against a “de novo” pathway in the sense of a lack of
stepwise progression, it does support the concept that, in
agreement with the Japanese clinicopathological literature,
colorectal carcinomas can develop in an endoscopically
inconspicuous manner due to the lack of an association
with a recognizable polypoid adenoma. In the future this
concept could have important implications for the endo-
scopic prevention of advanced colorectal carcinomas.
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