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Qualitative DNA Differences between Two Structurally
Different Lesions: High-grade Dysplasia and
Carcinoma In Situ in Colorectal Adenomas
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Abstract. Background: Despite the fact that the Vienna
classification of neoplasias in the gastrointestinal (GI) tract
acknowledged low-grade dysplasia (LGD), high-grade dysplasia
(HGD) and carcinoma in situ (CIS) and that most Western
pathologists recognize CIS in many organs, both CIS and HGD
are still used synonymously in colorectal adenomas. Differences
between CIS and HGD in colorectal adenomas are reported.
Materials and Methods: Five large colorectal adenomas
(measuring =20 mm) having areas of both HGD and CIS were
stained with hematoxylin and eosin (H&E) and with Feulgen
stains. Results: The HGD areas showed tightly packed, spindle
shaped, hyperchromatic cells with slight to moderate pleomorphic
nuclei having coarse chromatin. In contrast, the CIS cells
displayed marked pleomorphism, large vesicular nuclei and a
prominent nucleolus. In H&E stain the hyperchromasia found in
HGD nuclei was much less evident in CIS nuclei. The HGD
nuclei were intensively stained (+++) with the DNA-specific
Feulgen reaction but the CIS nuclei were not. Conclusion: It
would appear that following the completion of chromosomal
mutations in the nuclei of HGD-cells, their DNA, carrying the
new genetic information, is transcribed into RNA in the nuclei of
CIS. Thus, through messenger-RNA, the production of mutated
cytoplasmic proteins, required for the ultimate invasion of the
lamina propria mucosa (and beyond), would be triggered.

Based on the degree of cellular aberration most Western
pathologists classify colorectal adenomas into those with
low-grade dysplasia (LGD) or with high-grade dysplasia
(HGD) (1,2), despite the fact that carcinoma in situ (CIS)
is recognized by most Western pathologists as an
intraepithelial carcinoma in other organs such as the skin,
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breast, pancreas, uterine cervix, vulva, vagina, anus and the
urinary bladder (3-10), CIS and HGD in colorectal
adenomas are considered as synonymous.

In 1998 a group of Western and Asian pathologists
gathered in Vienna (11) to discuss the nomenclature for
gastrointestinal epithelial neoplasias showing no submucosal
invasion. The final consensus reached in Vienna was that in
the GI tract, non-invasive (i.e. intraepithelial) neoplasias
should be classified into LGD, HGD and CIS.

Despite both schools reaching a consensus on these various
categories, the histological criteria necessary to diagnose each
one of these lesions were not clearly defined, thus postponing
the opportunity for its worldwide acceptance.

Recently, the histological criteria for the various
categories proposed in Vienna, applied to colorectal
adenomas have been described and illustrated (12).

The purpose of the present work is to report additional
findings in colorectal adenomas that substantiate the
distinction between HGD and CIS.

Materials and Methods

Five large colorectal adenomas (measuring =20 mm) showing at
histology areas of both HGD and CIS according to the Vienna
classification (12) were investigated. Sections were stained with
hematoxilin and eosin (H&E) and by the DNA-specific Feulgen
reaction(13).

The sections stained with Feulgen were analyzed on a
microspectrophotometer, particular attention being paid to the
HGD and CIS areas.

The intensity of the Feulgen reaction was semi-quantitatively
assessed in 200 consecutive HGD cells and in 200 consecutive CIS
cells, as follows: marked (+++), moderate (++), slight (+) or
negative (0) stain.

Results

Four of the five adenomas were localized in the colon and
the fifth in the rectum. The H&E stained histological sections
showed villous configurations having a group of glands with
HGD and a group of glands with CIS in all five adenomas.
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Figure 1. High-grade dysplasia. Detail from a colonic adenoma with high-grade dysplasia. Note spindle-shaped dysplastic cells with hyperchromatic
nuclei even in the upper half of the epithelium (H&E. 40x, original magnification).

H&E stained sections. The HGD area was lined with tightly
packed cells having spindle shaped, hyperchromatic,
moderately pleomorfic nuclei (Figure 1) with coarse
chromatin particles. The stratified cells surpassed the
superficial half of the epithelium often reaching the luminal
epithelial border. The nuclear membrane was regular.

The CIS cells (Figure 2) displayed marked pleomorphism
and large vesicular (oval or round-shaped) nuclei. The thin
chromatin bridges of the nucleolus-associated chromatin
reached angular chromatin deposits. The hyperchromasia
seen in HGD was much less evident. The nucleolus was
prominent (=2.5 um in diameter) and irregular. The
nuclear membrane was often notched. The nuclear polarity
was disrupted and atypical mitoses were usually present.

Feulgen-stained sections analyzed in a microspectrophotometer.
In order to analyze the DNA in individual nuclei by
microspectrophotometer, the cells in tissue sections should
be isolated, without contact with adjacent cells.
Unfortunately, attempts to quantify the nuclear DNA
content in areas with HGD and with CIS by this method
failed, as only few isolated, independent cells without contact
with other adjacent cells were present in the sections.

Qualitative observations of the Feulgen reaction. Observation of
the DNA-specific Feulgen stain by conventional microscopy,
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showed an intense reaction (+++) in the 200 nuclei of the
HGD cells in all five adenomas (Figure 3) whereas the
reaction in the 200 nuclei of the CIS cells was weak (+).

Discussion

Differences in nuclear morphology and degree of Feulgen
stain between HGD and CIS in colorectal adenomas, has
been demonstrated in this preliminary report.

It should be mentioned that in the past several authors
had also considered HGD and CIS in the GI tract as two
different entities. In 1978 (15), a WHO Expert Committee
composed of European, American and Japanese
gastrointestinal pathologists met in London to discuss
terminology of precancerous conditions and epithelial
dysplasia of the stomach. The recommendations of the
Expert Committee (chaired by BC Morson) were that
“severe dysplasia is used for the description of changes
which fall short of the full criteria for the diagnosis of
carcinoma in situ. The latter must exist at some stage in the
progression into invasive carcinoma” (15). At his return
from London, Takeo Nagayo (the Japanese participant)
published, in his country(16), the concept of dysplasia (a
term not used in Japan before 1978) and its relation to the
precancerous state. He methodically defined the criteria for
the differential diagnosis between severe dysplasia and
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Figure 2. Carcinoma in situ. Detail from a colonic adenoma with carcinoma in situ. Note pleomorphic, vesicular nuclei having prominent nucleoli. The
nuclei lack the hyperchromasia seen in the nuclei of cells with high-grade dysplasia (H&E, 40x, original magnification).

(B,
Figure 3. DNA-specific Feulgen stain to demonstrate the strong reaction in the nuclei of cells with high-grade dysplasia (lower half of the illustration)

and the weak reaction in the nuclei of cells with carcinoma in situ (upper half of the illustration). (Feulgen stain, 20x, original magnification). The
nucleoli (rich in RNA) are not stained.
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intramucosal cancer of the stomach. Subsequently, a group
of Western pathologists headed by C Fenoglio-Preiser (17)
reported a similar classification, but for colorectal
adenomas. She wrote: “The histologic features of colorectal
adenomas may be defined as low- and high grade dysplasia,
carcinoma in situ, intramucosal carcinoma, and invasive
carcinoma”. “Intraepithelial carcinoma or carcinoma in situ
consists of cytologically malignant cells that remains
confined to the basement membrane of the original crypts
of Lieberhiihn”, and the “extension of the neoplastic cells
though the basement membrane of the crypts into the
surrounding lamina propria can be designated as
intramucosal carcinoma”. Hence, the criteria used by the
WHO Expert Committee in England (15), by Nagayo in
Japan (16) and by Fenoglio-Preiser in USA (17) should be
regarded as the fundamentals for the consensus reached in
Vienna regarding the identity of the two different lesions,
one being HGD and the other CIS.

Nevertheless, during the 1960’s, the notion emerged
among Western pathologists, that carcinoma in situ should
be banned from the diagnostic terminology as it could lead
to misinterpretation by surgeons and to unnecessary surgical
intervention. That may be the reason why Western
pathologists continue to consider HGD and CIS as
synonymous.

It is of interest to mention that recent molecular studies
of colonic neoplasias in humans (18) and in p53 deficient
mice (19) have validated the Vienna classification. Sugai et
al. (20) found that the frequencies of genetic alterations and
DNA aneuploidy increased with an increasing grade as
assigned by the Vienna classification. To reach this
conclusion Sugai et al. (20) used flow cytometric analysis of
DNA content, polymerase chain reaction microsatellite
assays, single-strand conformational polymorphism assays,
chromosomal allelic loss, K-ras and p53 gene mutations The
combined genetic and DNA ploidy data supported the
conclusion that those analyses may help in the appropriate
categorization of colorectal tumors.

Since it remains unsettled whether HGD progresses to
CIS or whether CIS evolves without any prodromic phase
(such as HGD) (12) it goes without saying that it is crucial
to distinguish between those two morphologically different
lesions, separately.

Thanks to recent improvements in medical technology, it is
possible to laser-microdisect groups of neoplastic glands with
HGD or with CIS for specific molecular analysis. This modern
technology will permit translation of the histological structures
of HGD or of CIS into molecular terms, in the future.

In conclusion, it would appear that following the
completion of chromosomal mutations in the nuclei of
HGD-cells, their DNA, carrying the new genetic
information, is transcribed into RNA (21) in the nuclei of
CIS. The result would be to trigger, through messenger-
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RNA, the production and amplification of mutated
cytoplasmic proteins (22-28), required for the ultimate
invasion of the lamina propria mucosa (and beyond).
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