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Although the Vienna classification has been intro-
duced to resolve discrepancies in histological diag-
noses of colorectal tumors between Western and Jap-
anese pathologists, practical applications of this
classification scheme have been problematic because
invasion of the lamina propria of tumor cells is often
difficult to recognize. Therefore, the following refine-
ments of the classification criteria are needed: cate-
gory 3, low-grade adenoma/dysplasia; category 4, in-
tramucosal borderline neoplasia; 4-a, high-grade
adenoma/dysplasia; 4-b, well-differentiated adeno-
carcinoma; category 5, definite carcinoma; 5-a, in-
tramucosal moderately-differentiated adenocarcino-
ma; and 5-b, submucosal carcinoma. We attempted to
test whether molecular genetic alterations are related
to the modified classification scheme and whether
they may help to further categorize the various in-
tramucosal neoplasia grades of colorectal tumors.
Two-hundred-thirty-two colorectal tumors were ex-
amined using flow cytometric analysis of DNA con-
tent, polymerase chain reaction microsatellite assays,
and single-strand conformational polymorphism as-
says to detect abnormalities of DNA content, chromo-
somal allelic loss, and Ki-ras and p53 gene mutations.
Microsatellite instability (MSI) was also examined.
Frequencies of genetic alterations and DNA aneuploid
states increased with an increase in the grade as-
signed according to the modified Vienna classifica-
tion. MSI was a rare event in colorectal adenomas and
their frequency of MSI did not correlate with tumor
grade. The combined genetic and DNA ploidy data
support the conclusion that analysis of genetic alter-
ations and DNA aneuploid states may help in appro-
priate categorization of colorectal tumors according
to the modified Vienna scheme. In addition, MSI-pos-
itive tumors may represent a specific subtype of colo-
rectal adenomas. (J Mol Diagn 2002, 4:191-200)

It is well known that there have been large discrepancies
in the diagnosis of colorectal neoplasia by Western and
Japanese pathologists." These discrepancies are
caused by differences in the histological criteria applied
to colorectal intramucosal tumors according to accepted
Western or Japanese protocols.'? The presence of sub-
mucosal invasion is the most important diagnostic crite-
rion for most Western pathologists, whereas in Japan,
nuclear features and glandular structures are more im-
portant to the diagnosis.? In fact, the actual degree of
histological concordance between Western and Japa-
nese pathologists is reported to be poor."? Schlemper et
al? indicated that the actual rate of concordance between
Western and Japanese pathologists is less than 20% (3
of 20 cases). Recently, to resolve these discrepancies,
an international panel of experts in gastrointestinal pa-
thology proposed a new classification of these lesions on
the basis of common histological criteria. The lesions
were divided into five categories of colorectal neoplasia
(Vienna classification of gastrointestinal neoplasia).’ In
brief, category 1 and 2 lesions are negative for neoplasia/
dysplasia or indefinite for neoplasia/dysplasia, respec-
tively. Category 3 means low-grade adenoma/dysplasia,
in which the risk of developing invasive carcinoma is low.
Clinicians may consider local treatment of the lesion or
may choose to follow up. Category 4 includes lesions of
high-grade adenoma/dysplasia that are either non-inva-
sive or that carry a suspicion of invasive carcinoma; the
risk of invasion is increased in this category. Local treat-
ment such as endoscopic mucosal resection would be
indicated here. Finally, category 5 includes invasive le-
sions carrying the risk of subsequent deeper invasion;
the rate of metastases is so high that treatment is urgently
needed. Indeed, it appears to be easy for the experi-
enced general pathologist to categorize colorectal tu-
mors into the appropriate group. However, there are
some diagnostic problems associated with this classifi-
cation. In particular, judgment of invasion beyond the
basement membrane is very difficult to define. There-
fore, in many cases, neither Western nor Japanese pa-
thologists were able to distinguish between high-grade
adenoma/dysplasias versus most intramucosal carcino-
mas in a reproducible manner."? These results sug-
gested that further refinement of the Vienna classification
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scheme was needed, and particular emphasis was
placed on a better definition of the somewhat problematic
category 4 and 5 lesions. In addition, Western and Jap-
anese pathologists may not be in agreement even with
the diagnosis of low-grade adenoma versus high-grade
adenoma. When a pathologist differentiates a tumor from
a low- or a high- grade adenoma, the criteria used to
differentiate these adenomas should be derived from
objective data, such as genetic and DNA ploidy data.

Colorectal tumors are thought to follow a model of
multi-step tumorigenesis, in which abnormalities in dom-
inant oncogenes and tumor suppressor genes have been
identified as frequent events.>* Although many genetic
alterations in colorectal tumors have been studied,®®
mutations of APC (adenomatous polyposis coli), p53 and
Ki-ras genes, as well as allelic losses of chromosome 54,
17p, 18q, 1p, 8p, or 22q, are most frequently associated
with the colorectal tumorigenesis.®>~® On the other hand,
recent molecular analysis has shown that there are two
distinct genetic pathways in colorectal tumorigenesis that
are characterized by genetic instability: chromosomal
instability and microsatellite instability (MSI), the latter of
which represents mutations in the short tandem repeat
sequences distributed within the genome.” Chromo-
somal instability is frequently found in association with a
loss of heterozygosity (LOH) of cancer-related chromo-
somal loci, or with p53 and Ki-ras gene mutations. These
changes characterize the chromosomal instability (CIN)
or LOH genotype, which is often associated with DNA
aneuploidy.”® Aneuploidy is well known as an indicator
used to predict the malignant potential of colorectal ad-
enomas. Most sporadic colorectal carcinomas arising in
Western countries are believed to arise from adenoma’®
and belong genetically to the LOH genotype.®'! On the
other hand, a few sporadic colorectal adenomas that
occur with MSI do occur. Although MSI characterizes one
of the two major genetic pathways, its role during devel-
opment of colorectal tumors is not fully understood. Ge-
netic data on lesions classified according to the various
modified Vienna categories could conceivably provide
the necessary means to further refine the histopatholog-
ical Vienna classification criteria, and may also be useful
for early detection of high-risk lesions. We attempted to
identify such criteria through an extensive analysis of
allelic loss of cancer-related chromosomal loci, mutations
of p563 and Ki-ras genes, DNA ploidy, and MSI. An effec-
tive crypt isolation method was used to obtain pure tumor
crypts.® 213 The aim of the present study is to clarify the
usefulness of this modified classification scheme that is
based on an objective molecular analysis.

Materials and Methods

In the present study, category 1 and 2 cases were ex-
cluded, given the facts that category 1 cases are thought
to involve no genetic alterations, and category 2 lesions
are rarely encountered during routine pathological exam-
ination. The objective of this study is to improve classifi-
cation of lesions in categories 3 to 5. We excluded colo-

rectal tumors that occurred in patients with a family
history of colorectal tumors.

Patients

All colorectal tumors are composed of a mixture of neo-
plastic and non-neoplastic cells. To analyze such tumors
for specific genetic alterations accurately, the neoplastic
glands must be separated from most of the non-neoplas-
tic cells.’ '3 Genetic alterations of tumor cells were an-
alyzed after using a crypt isolation technique. This tech-
nique allowed for an accurate genetic analysis because
pure tumor crypts were thus obtained.

A total of 155 colorectal adenomas (from 102 men and
43 women ranging in age from 39 to 85 years; mean,
62.7) were obtained from Iwate Medical University and
related hospitals (low-grade adenoma, n = 118; high-
grade adenoma, n = 37). Thirty-two early carcinomas
(characterized by invasion of malignant cells that were
limited to the mucosa or submucosa) were also examined
to investigate relationships between genetic alterations
and high- grade dysplastic adenomas and early carcino-
mas. Furthermore, two groups of early carcinomas were
sub-classified according to their depth of invasion, as
follows: intramucosal (n = 22), and submucosal carci-
noma (n = 10). The term “intramucosal” carcinoma was
defined as a cancer limited to the lamina propria. The
patients consisted of 22 men and 10 women (age 41 to
88 years; mean, 62.1). Histological diagnoses of the ad-
enomas and intramucosal carcinomas were performed
according to our hospital criteria, which were modified
from those of the Japanese Research Society for cancer
of the colon and rectum.™ In brief, low-grade dysplasia
was diagnosed by the presence of cells with enlarged,
hyperchromatic nuclei that were largely confined to the
basal portions of the cells, but that had some loss of
polarity. Lesions containing cells with round-to-ovoid
crypts and an obvious loss of polarity, but no architec-
tural or glandular distortion, were classified as high-
grade dysplastic adenomas. The intramucosal carcino-
mas were subdivided into two groups: well-differentiated
and moderately-differentiated. A well-differentiated in-
tramucosal carcinoma was defined by an obvious de-
rangement of glandular architecture, with irregular
branches of glands or “back to back” formations. Mod-
erately-differentiated adenocarcinomas were defined by
“gland in gland” or cribriform patterns of glands. Differ-
entiation of the former from the latter is histologically easy
for general pathologists. In the present study, moderate-
ly-differentiated adenocarcinomas often showed a higher
cellular atypia than was seen in the intramucosal well-
differentiated intramucosal carcinomas. However, it was
often difficult to accurately distinguish the high dysplastic
adenomas from the well-differentiated intramucosal car-
cinomas. A submucosal carcinoma was defined as a
cancer characterized by submucosal invasion. In addi-
tion, an advanced carcinoma was defined as a cancer
that has invaded beyond submucosa. Forty-five ad-
vanced colorectal carcinomas were analyzed as a posi-
tive control. The tumors were classified according to the
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Figure 1.a and b: Low-grade dysplastic adenoma (category 3). 1-b was treated as moderate dysplasia according to the previous classification scheme. ¢z
High-grade dysplastic adenoma showing irregular glands and hyperchromatic nuclei (category 4-a). d: Well-differentiated adenocarcinoma showing severe
irregular branching of glands and hyperchromatic nuclei (category 4-b). e: Moderately-differentiated adenocarcinoma (category 5-a) showing higher cellular and

structural atypia (cribriform pattern) than the well-differentiated adenocarcinoma.

Japanese Research Society for cancer of the colon and
rectum' and modified Dukes’ stage.'® Histological fea-
tures of adenomas and carcinomas are illustrated in Fig-
ure 1. Clinicopathological features of colorectal adeno-
mas and carcinomas are listed in Table 1. Each tumor
was classified into either category of modified Vienna
classification by two experienced pathologists (S. T. and
N. S.) according to our histological criteria. The Vienna
and modified Vienna classification schemes are shown in
Table 2.

Crypt Isolation Method and DNA Extraction

Tumor DNAs from adenomatous and cancer tissues were
extracted from isolated adenomatous and cancer crypts.
The tumor crypts were isolated from mucosa propria
using a crypt isolation technique, as described else-

Table 1. Clinicopathological Features of Colorectal Neoplasms

where.® '8 Briefly, fresh tumor samples and normal co-
lonic mucosa were minced into small pieces using a
razor, then incubated at 37°C for 50 minutes in Ca2+/
Mg2+-free Hanks’ balanced salt solution containing 30
mmol/L EDTA. The tissue was stirred in the salt solution
for 20 minutes X 2. Crypts were separated from the
lamina propria mucosa or fibrous stroma. These isolated
tumor crypts were identified using a dissecting micro-
scope (SZ60, Olympus, Tokyo, Japan). Normal crypts
were clearly distinguishable from tumor crypts by char-
acteristic features as described elsewhere.'® A propor-
tion of the isolated crypts were fixed in 70% ethanol and
stored at 4°C until they were used for DNA extraction. The
remaining isolated crypts were fixed with paraffin and
examined by light microscopy to confirm the histopatho-
logical findings. There was no evidence of contamination
by interstitial cells using this technique. However, it

Adenoma Early cancer Advanced cancer

Total 155 32 45
Age (mean) 62.7 62.1 65.3
Gender (man/woman) 102/43 22/10 33/12
Location of tumor (right/left) 51/104 7125 13/32
Size of tumor (mean, mm) 5-28 (13.2) 9-37 (18.4) 20-87 (48.5)
Grade of dysplasia

Low dysplastic 118

High dysplastic 54
Differentiation

Well 20 15

Moderately 12 30
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Table 2. Vienna or Modified Vienna Classification of Gastrointestinal Neoplasia

Vienna classification

Modified Vienna classification

Category 1 Negative for neoplasia/dysplasia
Category 2 Indefinite for neoplasia/dysplasia
Category 3 Non-invasive low grade neoplasia
(low grade adenoma/dysplasia)
Category 4 Non-invasive high grade neoplasia
4.1 High grade adenoma/dysplasia
4.2 Non-invasive carcinoma
(carcinoma in situ)
4.3 Suspicion of invasive carcinoma
Category 5 Invasive neoplasia

5.1 Intramucosal carcinoma

5.2 Submucosal carcinoma or beyond

Negative for neoplasia/dysplasia
Indefinite for neoplasia/dysplasia
Low grade neoplasia (low grade adenoma/dysplasia)

Intramucosal borderline neoplasia
4.1 High grade adenoma/dysplasia
4.2 Intramucosal carcinoma, well differentiated

Definite carcinoma
5.1 Intramucosal carcinoma, moderately or poorly
differentiated
5.2 Submucosal carcinoma or beyond

should be appreciated that this method cannot reliably
differentiate between the crypts of adenomas with high-
grade dysplasia and those with low-grade dysplasia.
Accordingly, we confirmed the histological diagnosis by
light microscopy of paraffin-embedded sections of these
crypts. In general, colorectal adenomas tend to have a
heterogeneous appearance, and in such cases the tumor
grade was determined by the ratio of high-grade to low-
grade dysplasia.

DNAs from tumors and from some corresponding nor-
mal crypts were extracted by standard SDS proteinase K
treatment. Samples were resuspended in TE buffer [10
mmol/L Tris-HCI, 1 mmol/L EDTA (pH 8.0)] to the equiv-
alent of 1000 cells/ul. In adenomatous lesions and most
early carcinomas, normal genomic DNA, obtained from
blood samples from the corresponding patients, was iso-
lated using DrGTL (TAKARA, Tokyo, Japan).

Analysis of DNA Ploidy Pattern

A portion of each sample was prepared for flow cytomet-
ric analysis (flow cytometer; EPICS XL, Coulter, CA) as
previously described.® ' A total of 50 to 300 tumor crypts
were isolated and examined in the present study. Briefly,
normal and tumor crypts were incubated with 0.0125%
pepsin (pH 2.0, Sigma, St. Louis, MO) for 5 minutes at
37°C, then washed twice with 0.2 mol/L Tris chloride-
buffered saline and passed through a 27-gauge needle.
The nuclei (from normal and tumor cells) were stained
with propidium iodide (50 wg/ml, Sigma) containing ribo-
nuclease (0.25 mg/ml, Sigma) in 0.2 mol/L Tris chloride-
buffered saline at room temperature in the dark for 30
minutes. After filtration through a 37-um nylon mesh (To-
kyo Screen, Tokyo, Japan), samples were analyzed using
a flow cytometer. At least 10,000 nuclei from each sample
were examined. These samples were classified as dip-
loid (D), multiploid (M), or aneuploid (A) carcinomas as
determined by previous criteria.®'3'° Diploid and aneu-
ploid carcinomas were defined as either a diploid tumor
population alone or an aneuploid tumor population alone
within a tumor. Multiploid carcinomas consisted of both
diploid and aneuploid tumor populations. The DNA index
(DI) was also calculated as defined previously.®'® The

DNA ploidy pattern of each of these samples was recon-
firmed using cells remaining after extraction of the DNA
used for genetic analysis.

Analysis of Allelic Imbalances at Chromosomal
Loci

Normal and tumor DNA were analyzed for allelic loss by
polymerase chain reaction (PCR) amplification of polymor-
phic dinucleotide repeat sequences. Seventeen markers on
chromosomes 17p (TP53), 5g (D5S107; D5S346; D5S82;
D5S299), 18g (D18S487; D18S34; DCC), 1p (D1S228;
D1S548; D1S507), 8q (D8S201; D8S513; D8S532) and 22q
(D22S274; D2251140; D2251168) were used. The se-
quences of these primers were obtained from “The Genome
Database” (http://gdbwww.gdb.org/gdb/). PCR was car-
ried out using a DNA autosequencer (Applied Biosys-
tems 373A sequencer; Applied Biosystems, CA), as pre-
viously described.®'6~'° The data from the PCR analysis
were collected automatically and analyzed by GeneScan
software (Applied Biosystems) for allele scoring and as-
sessment of allelic loss as described previously.'®~'9 In
this study, we define allelic imbalance as more than a
50% change in the ratio (g value). Samples were re-
garded as uninformative if they showed constitutional
homozygosity or microsatellite instability.

Analysis of Microsatellite Instability

The three dinucleotide markers (D25123, D3S1611, and
D17S250), and three adenine mononucleotide repeats
(BAT 25, BAT 26, and TGFBRIl), were used for determi-
nation of MSI. MSI-positive status of a tumor was defined
as previously described.?® MSI-positive colorectal carci-
nomas in the present study were divided into two groups,
those with high-level instability (ie, MSI at = 33% of loci)
and those with low-level instability (ie, MSI at <17% of
loci). However, tumors that showed only one alteration of
the three markers and were categorized as MSI-low were
considered MSI-negative tumors in this study.



Polymerase Chain Reaction-Single-Strand
Conformation Polymorphism Analysis and
Sequencing

Single-strand conformational polymorphism (SSCP) anal-
ysis was used to screen PCR products derived from
exons 5 to 8 of the p53 gene and from exon 1 of the Ki-ras
gene in patient tumor and normal mucosal DNA samples.
PCR conditions, PCR-SSCP, and sequencing of the two
gene mutations were performed according to previously
described methods.'®'® Direct sequencing was per-
formed using fluorescent-labeled dideoxynucleotide
triphosphates for automated DNA sequence analysis
(Applied Biosystems 373A sequencer).

Statistical Analysis

The data were analyzed using the x® test with the aid of
StatView-1V software (Abacus Concepts, Berkeley, CA).
Samples were determined to be significantly different at
P < 0.05.

Results

The adenomas were subdivided into two groups accord-
ing to the modified Vienna classification criteria. Each of
the 232 tumor samples was precisely diagnosed his-
topathologically, and was classified into one of four
groups: (1) category 3 tumors (low-grade dysplastic ad-
enoma, 118 tumors); (2) category 4 tumors, 4-a (high-
grade dysplastic adenoma, 37 tumors), 4-b (well-differ-
entiated intramucosal adenocarcinoma, 17 tumors); (3)
category 5 tumors, 5-a (moderately-differentiated in-
tramucosal adenocarcinoma, 5 tumors), 5-b (submuco-
sal carcinoma, 10 tumors); and (4) advanced carcino-
mas, 45 tumors.

Analysis of DNA Ploidy Pattern

The frequency of DNA multiploidy was 6.8% (8 of 118) in
category 3 tumors but was significantly elevated in both
category 4 and category 5 tumors, at 40.7% (22 of 54)
and 73.3% (11 of 15), respectively (P < 0.001, Table 3*
and 7). The frequency of DNA multiploidy in colorectal
adenomas was significantly correlated with the tumor
grade (category 3 and category 4-a, P < 0.01, Table 3").
In addition, a significant difference in the frequency of
DNA multiploidy between category 4 (40.7%) and cate-
gory 5 tumors (73.3%) was found (P < 0.05) (Table 3').
However, there was no significant difference in the DNA
multiploidy frequency between category 4-a (37.8%,
high-grade adenomas) and category 4-b (47.1%, in-
tramucosal carcinoma, well-differentiated). There was a
significant difference in the frequency of DNA multiploidy
between advanced carcinomas (82.2%) and category 3
tumors (6.8%, P < 0.001) or category 4 tumors (40.7%,
P < 0.001) (Table 3* and $). Thirty-seven of 45 advanced
carcinomas exhibited a multiploid or aneuploid state (30
and 7 cases, respectively).
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Table 3. Frequency of DNA Aneuploidy in Colorectal
Adenomas and Carcinomas Based on a Modified
Vienna Classification

Diploidy Multiploidy/

(%) Aneuploidy (%) Total

Category 3 110 (93.2) 8 (6.8)*1+8 118

Category 4 32 (59.3) 22 (40.7)* 8 54

Category 4-a 23 (63.2) 14 (37.8)* 37

Category 4-b 9(52.9) 8 (47.1) 17

Category 5 4 (26.7) 11 (73.3)1 15

Category 5-a 1(20) 4 (80) 5

Category 5-b 3(30) 7 (70) 10

Advanced 8(21.8) 37 (82.2)8! 45
cancer

Lower case super-scripted symbols indicate a statistical difference
between the two values. For example, * represents a difference in the
frequency of DNA multiploidy/aneuploidy between category 3 and
category 4 tumors. *T+8 and I p < 0.01; 7, p < 0.05; I.

Analysis of Genetic Alterations in Colorectal
Adenomas and Carcinomas

Of 187 colorectal adenomas and early carcinomas, 118
adenomas and 23 early carcinomas were available for
genetic analysis. The detailed data on genetic alterations
is shown in Figure 2. The frequency of allelic loss in
low-grade dysplastic adenomas (category 3) was less
than 10% [17p, 3/71/86 (allelic loss/informative cases/
total cases); 18q, 6/75/86; 8p, 4/71/86; 22q, 2/69/86], with
the exception of 5q and 1p allelic loss (21/75/86; 11/68/
86). In high-grade dysplastic adenomas (category 4-a),
the frequency of allelic loss on chromosomal loci lay
between 20% and 40% (5q, 8/21/32; 17p, 9/30/32; 18q,
11/27/32; 1p, 7/21/32; 8p, 5/25/32; 22q, 5/24/32). Al-
though differences in frequencies of 5q and 1p allelic
loss between low-grade adenomas and high-grade ade-
nomas did not reach a statistically significant level, sig-
nificant differences in 17p, 18q, 8p, and 22q allelic loss
as well as in p53 and Ki-ras genes mutation rates were
found between low- and high-grade dysplastic adeno-
mas (8p and 22q allelic loss, P < 0.05; 17p, 18q allelic
loss, and p53 and Ki-ras gene mutation, P < 0.01). In
category 4 (high-grade adenoma and intramucosal car-
cinoma, well-differentiated) and category 5 (intramucosal
carcinoma, moderately-differentiated and submucosal
carcinoma), the frequencies of genetic alterations were
higher in category 5 tumors than in category 4 tumors,
although these differences were not statistically signifi-
cant.

Genetic alterations in advanced carcinomas were ex-
amined as a positive control. Numerous genetic alter-
ations were found in the carcinomas, as expected. How-
ever, there were no differences in the genetic frequency
between category 5 tumors and advanced carcinomas.
In particular, no differences in genetic frequency were
detected in category 5-b (submucosal carcinoma) and
advanced carcinomas. In more advanced carcinomas,
allelic losses on chromosomes 8q and 229 tended to be
associated with a late stage of the progression of colon
carcinomas. A representative example is shown in Figure 3.
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Category5-a (Total, 5)

CategoryS5 (Total, 13)

" Categoryd-b (Total, 10)

Figure 2. Frequencies of genetic alterations in colorectal adenomas and carcinomas. Frequencies of 17p, 18q, 8p, and 22q allelic losses and mutations of p53 and
Ki-ras genes in category 4 tumors are significantly higher than are those of category 3 tumors. The frequencies denoted at the top of the column indicate those
frequencies (%) showing allelic loss or mutations.

Accumulation of Genetic Alterations in the histological grade of sporadic colorectal tumors (Ta-
Colorectal Tumors ble 4). Whereas either none or only a single genetic

alteration was found in 76 of 82 category 3 tumors

The cumulative number of genetic changes, including (88.4%), genetic alterations were detected in 24 of 42
allelic losses on chromosomes 5, 8, 17, 18, and 22, and category 4 tumors (57.1%), 3 of 13 category 5 tumors
Ki-ras and p53 mutations, increased with an increase in (23.1%) and 5 of 45 advanced carcinomas (11.1%), re-

Figure 3. Analysis of allelic losses of chromo-
somal loci on chromosomes 17p, 5q, and 18q
and p53 and Ki-ras gene mutation in high-grade
dysplastic adenomas (category 4-a). a and b:
Histological features of high-grade dysplastic ad-
enoma. ¢: DNA histogram indicates a diploid
cell. d—f: Electrophoregram of allelic losses at
5q, 17p, and 18q chromosomal loci. Arrows

DNA content
Sequence

K-ras
show the two alleles for each chromosomal lo- —i
cus. 5q allelic losses were found in this ade- GCCANCA
noma. In addition, 1p, 8p, and 22q allelic losses =

were not observed (electrophoregram not
shown). g: A SSCP analysis of the p53 gene
(exons 5-8). Arrows show the two normal al-
leles for each exon. An anomalously migrating

band is seen corresponding to exon 7 (arrow- ;

heads). h and i: DNA sequence showing p53 T ; ; '

and Ki-ras gene mutations. A CGC to CAG tran- > -_'_

sition in codon 248 was found in h. In i, a GGT L- —-— ]
.—_.I\m E = INTT INTCON

to GTT transversion occurred in codon 12 (se-

quenced by reverse primer). N, normal; T, tu- ’ ' condon 248 condon 12
mor. CGC—CAG GGT—GTT
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Table 4. Accumulations of Genetic Alterations in Colorectal Tumors Based on a Modified Vienna Classification

Accumulation Category 3 (%)

Category 4 (%)

Category 5 (%) Advanced cancer (%)

Total 86 42 15 45
0 44 (51.2) 9(21.4) 1(6.7) 2(4.4)
1 32 (37.2) 15(385.7) 2(13.3) 3(6.7)
2 7(8.1) 10 (23.8) 5(33.3) 4(8.9)
3 3(3.5) 5(11.9) 4(26.7) 6(13.3)
4 0 2(4.8) 2(13.3) 14 (31.1)
5 0 0 1(6.7) 8(17.7)
6 0 0 0 5(11.1)
7 0 0 0 3(6.7)
8 0 0 0 0
Genetic alterations examined: allelic loss, 17p; 5q; 18qg; 1p; 8p; 22p; mutation, p53; Ki-ras.

spectively. The majority of submucosal and advanced Discussion

carcinomas had multiple genetic alterations (data not
shown). In addition, there were no differences of the
cumulative number of genetic changes between catego-
ries 4-a and 4-b, and 5-a and 5-b, respectively (data not
shown).

Analysis of Microsatellite Instability in Colorectal
Adenomas and Carcinomas

The summary of MSI analysis is shown in Table 5. High
levels of MSI were observed in 3 of 118 adenomas (2.5%,
category 3 and 4-a tumors), whereas MSI was not de-
tected in early colorectal carcinomas. Of the three high
MSI adenomas, all were low-grade. In addition, whereas
the two adenomas with high MSI were found in a right-
sided colon (ascending), the other adenoma was ob-
served in a left-sided colon (sigmoid). On the other hand,
low levels of MSI were detected in two low-grade adeno-
mas and in one high-grade adenoma. In advanced car-
cinomas, high levels of MSI were observed in four of 45
tumors. There were seven MSI-H tumors (3 adenomas
and 4 carcinomas) and all demonstrated instability at the
mononucleotide markers (BAT 25 and BAT 26). In addi-
tion, the seven MSI-H tumors were diploid, whereas none
of the MSI was detected in aneuploid or multiploid tu-
mors. Five of the seven MSI-positive tumors had alter-
ations within the RIl gene. Of these five tumors, four
contained a one-base deletion and one contained a two-
base deletion. Allelic losses and mutations of Ki-ras and
p53 genes were inversely related to MSI. None of the
colorectal tumors that demonstrated MSI had allelic
losses, with the exception of one low-grade adenoma,
which showed multiple genetic alterations (17p, 189, and
8p allelic losses, and p53 gene mutation).

Table 5. Frequency of Microsatellite Instability in Colorectal
Tumors Based on a Modified Vienna Classification
MSI-positive  MSI-negative  Total
Category 3 3(3.5) 83(96.5) 86
Category 4 0 42 (100) 42
Category 5 0 5(100) 15
Advanced cancer 4(8.9) 37 (91.1) 45

MSI, microsatellite instability.

During the World Congresses of Gastroeneterology held
in 1998, a new standardized nomenclature and classifi-
cation for gastrointestinal neoplasia was introduced.” In
this classification scheme, intramucosal neoplasia is cat-
egorized according to defined histopathological criteria.
When tested among expert gastrointestinal pathologists,
however, the reproducibility of the intramucosal classifi-
cations was found to be poor for category 4 and 5 lesions
(and even among category 3 tumors), indicating that
additional criteria were needed. This is due to the fact
that invasion of the lamina propria is not always easy to
recognize, for either Western or Japanese pathologists,
resulting in poor agreement among the histological diag-
noses.’ The term “intramucosal carcinoma” is not synon-
ymous with “carcinoma in situ,” but rather reflects an
invasive growth that penetrates the lamina propria and
does not break through the muscularis mucosae.? If
Vienna classification were applied to colorectal tumors
without refinement, determination of invasion into the lam-
ina propria would inevitably be necessary to classify
them. However, as mentioned above, invasion into the
lamina propria is very difficult to define. The modified
Vienna classification of colorectal neoplasia makes it
easy to classify a given tumor, given that for both Western
and Japanese pathologists, to recognize a morphologi-
cal difference between well- and moderately-differenti-
ated carcinomas (mainly according to cribriform pattern)
is easy. Therefore, both Western and Japanese patholo-
gists could come to a common consensus of colorectal
tumors classification by use of the modified classification
scheme. Hypothesizing that genetic alterations in various
colorectal intramucosal neoplasia could provide this cri-
teria, we analyzed allelic losses at chromosomes 5q, 17p,
18q, 1p, 8p, and 22q, and mutations of Ki-ras and p53
genes in a series of colorectal intramucosal neoplasias.
In addition, the DNA ploidy patterns were examined to
assess biological behavior associated with intramucosal
neoplasia.

In the present study, we found progressive increases
in allelic losses at all chromosomal loci as well as muta-
tions of Ki-ras and p53 genes in colorectal adenomas
from low- (category 3) to high-grade (category 4), with
the exception of 1p and 5q allelic losses. Also, the DNA
multiploidy frequency was higher in category 4 than in
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category 3 tumors. Furthermore, the accumulation of ge-
netic alterations was more pronounced in category 4
tumors than in category 3 tumors. These data are con-
sistent with earlier molecular studies showing that the
successive accumulation of genetic changes paralleled
the severity of dysplasia of adenoma cells.®>® These find-
ings suggest that our histological judgment as to the
various dysplastic grades of colorectal adenomas is ac-
curate for differentiating low-grade (category 3) from
high-grade adenomas (category 4). Our data also sup-
port the previously suggested precursor nature of the
adenomatous lesions, and the proposed tumor progres-
sion model for colorectal tumors.®®

In the present study, there was no statistical difference
in the frequency of genetic alterations found in category
4-a (high-grade adenoma/dysplasia) and category 4-b
(well-differentiated intramucosal adenocarcinoma). This
finding may indicate that there are no fundamental ge-
netic differences among them. The genetic alteration fre-
quencies reported by Kikuchi-Yanoshita and col-
leagues,®® however, are discordant with ours, in that they
found higher rates of allelic loss at chromosome 17p and
of p53 gene mutations in intramucosal carcinomas than in
severe dysplastic adenomas. Although the reasons for
these conflicting pieces of evidence remain unclear, the
apparent discrepancy may be due to differences in the
criteria for histological diagnosis of these lesions. Con-
versely, this leads to the necessity of establishing a his-
tological classification scheme for colorectal neoplasia
that is based on a common consensus. Although we
should recognize the existence of intramucosal carci-
noma of the colorectum, over-diagnosis of “borderline
neoplastic lesions” should be avoided. It is obvious that
most adenomas do not become malignant, because the
cumulative incidence rate of adenomas at 3 years post-
diagnosis is 16%, and the lifetime risk of colorectal car-
cinoma is estimated to be about 5%.2°

In the present study, we showed that the 17p allelic
loss and Ki-ras gene mutations are the most informative
and effective genetic markers used to differentiate cate-
gory 3 tumors from category 4 tumors. Although p53
gene mutations may also be useful for this purpose,®
multiple PCR analyses are necessary to determine the
specific mutation for each patient. On a practical level,
multiple PCR-SSCPs represent a technically demanding
technique.?® Carrying out multiple PCR amplifications of
the individual exons followed by electrophoretic analyses
and sequence determinations is a lengthy and expensive
process.?® Therefore, the other genetic markers used to
analyze allelic losses at each chromosomal locus may
involve less complex methods to examine the malignant
potential of tumor cells. For example, three different
markers were necessary to determine an allelic loss at
chromosome 18q in the present study, resulting in multi-
ple PCR assays. In contrast, 17p allelic loss, which car-
ries a high informative content, can be examined by a
single PCR-LOH assay. 17p allelic loss, which is often
associated with p53 gene mutations, is considered to be
a late event in the malignant transformation of colorectal
adenoma to cancer.>® Thus, its detection is thought to
provide useful information for the clinical management of

colorectal neoplasms. Also, Ki-ras gene mutations can be
analyzed by performing single PCR-SSCP and direct se-
quencing. However, there are some problems in assess-
ing the malignant potential of adenomatous cells by
Ki-ras gene mutations. Previous studies have shown that
Ki-ras gene mutations are associated with various factors,
such as large tumor size, a high grade of dysplasia, and
old age.®® 26728 These findings do not necessarily imply
that occurrence of a Ki-ras gene mutation predicts the
malignant propensity of colorectal adenomas. However,
a recent study has indicated that Ki-ras gene mutations
are associated with the histological features of adenoma
progression (high-grade dysplasia) rather than with ade-
noma growth.?® Ki-ras gene mutations may, in part, drive
the histological progression of adenomas toward high
grades of dysplasia.?® Although it is difficult to classify a
given tumor into a particular category by a single genetic
marker alone, we believe that 17p allelic loss and Ki-ras
gene mutations are simple, useful, and reliable markers in
assessing the malignant potential of colorectal adenomas.
In the present study, the absolute frequencies of ge-
netic alterations in category 5 tumors were somewhat
higher than those in category 4 tumors, but these differ-
ences did not reach statistical significance, possibly due
to the small number of the cases tested. On the other
hand, the frequency of DNA multiploidy between cate-
gory 4 and category 5 tumors increased significantly
(P < 0.05). This finding may also support the validity of
the modified classification scheme. In addition, the cu-
mulative number of genetic changes, including allelic
loss of 5q, 17p, 18q, 1p, 8p, and 22q, and Ki-ras and p53
gene mutations, increased along with increases in the
histological grades according to the modified Vienna
classification criteria. The great majority of advanced
carcinomas had multiple associated genetic changes.
Our current results indicate that whereas approximately
50% of category 5 tumors showed three or more genetic
changes, 80% of category 4 tumors revealed two or fewer
genetic changes. These results suggest that accumula-
tions of cancer-related gene mutations provide a basis
for the histological diagnosis of colorectal tumors. Al-
though there is a limit to the accuracy of a single genetic
marker in separating a given tumor into a particular cat-
egory, the assessment of a cumulative collection of ge-
netic alterations in tumor cells may be more useful. The
utility of this type of genetic analysis is strongly sug-
gested by the hypothesis that colonic carcinogenesis is
driven by sequential rounds of mutation followed by
clonal expansion. Thus, the ultimate histological and bi-
ological features of the adenoma are the result of accu-
mulation of a series of allelic losses or mutations.®>®
MSI was a rare finding in sporadic colorectal adeno-
mas, compared with sporadic colorectal carcinomas. Re-
cently, two types of genetic instabilities have been pro-
posed: chromosomal instability and microsatellite insta-
bility.”~® Although most colorectal tumors show a CIN
genotype, sporadic MSI-positive colorectal carcinomas
seem to have some distinguishing characteristics: a pre-
ferred localization on the right side of the colon, a high
frequency of mucinous and poorly-differentiated histol-
ogy, low rates of loss of heterozygosity, a low incidence



of alterations in p53 and Ki-ras genes, and a high fre-
quency of diploidy.®2°3° |n the present study, two of
three high MSI-positive adenomas were found on the
right side of the colon. In addition, two of three adenomas
with high MSI-positivity showed infrequent LOH, no mu-
tations of Ki-ras and p53 genes, and a DNA diploid state.
This genetic profile of sporadic colorectal MSI-positive
adenomas resembles that of sporadic colorectal MSI-
positive carcinomas.® It is interesting to note that one
adenoma with high MSI had multiple genetic alterations.
This finding contrasts with the genetic characteristics of
sporadic MSI-positive colorectal carcinomas, which
show low rates of LOH, and a low frequency of Ki-ras or
p53 gene mutations. Although a tumor having a genetic
profile like this adenoma is not a precursor of sporadic
carcinomas, our results suggest the possibility that at
least some MSI-positive adenomas may predict future
colon cancers. It is widely accepted that carcinomas
develop primarily from adenomas through several transi-
tional stages in their carcinogenesis (the so-called LOH
pathway, or CIN pathway).®>> 7~ The present study in-
dicated that allelic loss at each chromosomal locus and
mutations of Ki-ras and p53 genes occur gradually along
with an increase in histological grade, suggesting the
LOH pathway for the carcinogenesis. These findings im-
ply that a tumor classified according to the modified
Vienna scheme will show a LOH genetic type. Our results
showed that the frequency of MSI in sporadic colorectal
adenomas did not correlate with tumor grade. This find-
ing suggests that MSl-positive adenomas represent a
specific subtype of sporadic colorectal adenomas. Fur-
thermore, we propose that such MSI-positive tumors
should not be included in a modified Vienna classification
scheme, given that this classification is based on the
hypothesis that genetic alterations are correlated with
histological tumor grade.

Recently, pathologists have referred to serrated ade-
noma, which is described as a rare entity among colo-
rectal tumors.®"3? This rare neoplasm shares the archi-
tectural features of a hyperplastic polyp, but it shows
distinct cytological atypia.®’ In addition, frequent Ki-ras
mutations, MSI, and 1p allelic loss have been observed in
serrated adenoma.®'3® Therefore, serrated adenoma
has been proposed to be a distinct entity in colorectal
neoplasia. It is characterized by a new histogenetic path-
way to produce hyperplastic aberrant crypt foci, hyper-
plastic polyps, mixed polyps, and a serrated appear-
ance.®" On the other hand, there are contrasting data
showing no significant differences in genetic alterations
between serrated adenoma and conventional adeno-
ma.3* It therefore may be unlikely that serrated adenoma
represents a truly distinct entity in colorectal neoplasias.
In the present study, we do not include serrated ade-
noma as a separate classification. Whether a given tumor
is included in the modified classification according to spe-
cific genetic alterations is of interest to the pathologist. Fur-
ther investigations regarding serrated adenoma would be
recommended in the near future to investigate its relation-
ship to the modified Vienna classification scheme.

In conclusion, we have demonstrated that allelic losses
at multiple chromosomal loci and mutations of Ki-ras and
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p53 genes are correlated with a proposed modified Vi-
enna classification scheme. In addition, the cumulative
number of genetic changes provides useful information
to predict the potential propensity of colorectal tumors to
transform in progressive steps. We conclude that this
modified classification scheme for colorectal neoplasia,
which is based on genetic data, will help to create a
common consensus between Western and Japanese pa-
thologists.
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