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Leuchtenberger Bodies in Flat Adenomas of the Colorectal Mucosa: A Comparison

between Japanese and Swedish Patients
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The dysplastic epithelium of flat colorectal adenomas was found to contain DNA inclusion granules,
known as Leuchtenberger bodies (1.B). Hematoxylin and eosin-stained sections of 263 colorectal flat
neoplastic lesions (i.e., flat adenomas and flat adenocarcinomas) collected in Japan and Sweden were
scrutinized for the presence of such intraepithelial inclusions. LB were recorded in 87.1%% of the 263
flat colorectal neoplastic lesions. The frequency of flat eolorectal lesions having LB was similar in
Japan (160 of 178 or 89.8%) to that in Sweden (69 of 85 flat lesions or 81.2%), suggesting that the
occurrence of LB may not be influnenced by race or environment. Direct immuneoperoxidase detection
of nuclear DNA fragmentation and transmission electron microscopy studies indicated that the
inclusions contained apoptotic material. The semiquantitative assessment of histochemically labeled
apoptotic granules indicated that the number of lesions having moderate to large numbers of apoptotic
granules (++/+4++) was higher in flat adenomas with high-grade dysplasia, suggesting that the
occurrence of these granules may be related to the degree of severity of the dysplastic process. A
better knowledge of LB may improve our understanding of the possible relationship between

apoptosis, host immune response and carcinogenesis in flat colorectal adenomas,
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Forty years ago, Leuchtenberger reported the occur-
rence of inclusion bodies in solitary polyps of the rectal
mucosa.” Subsequently similar epithelial inclusions were
found in rectal polypoid tumors of familial hereditary
type.”? Leuchtenberger et al. demonstrated that the
bodies contained DNA and speculated that they repre-
sented intracytoplasmatic virus particles.” Other authors
later suggested that Leuchtenberger bodies (LB) were
derived from dead lymphocytes.** In a previous study,”
we investigated the occurrence of LB in exophytic colo-
rectal adenomas in hematoxylin and eosin (HE)-stained
sections, in Feulgen-stained sections (specific for DNA)
and by transmission electron microscopy (TEM). The
LB were more frequently present in exophytic adenomas
from patients with familial adenomatous polyposis
(FAP) than in those from patients with a non-familial
trait. We concluded” that LB were not karyorrhectic
nuclear fragments from necrotic cells, but nuclear-
cytoplasmic granules sequestered into membrane-bound
apoptotic bodies® in the cytoplasm of dysplastic cells and
of interspersed macrophages.

Earlier studies in Swedish patients had indicated that
the frequency of LB increased with increasing degree of
epithelial dysplasia.*’ Since the proportion of flat adeno-
mas with high-grade dysplasia and carcinoma is higher in
Japanese patients than in Swedish patients,” it was con-
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sidered of interest to investigate the frequency of LB in
flat colorectal neoplasias in patients from both countries.

MATERIALS AND METHODS

The materials were 263 consecutive strip biopsies car-
rying a flat adenoma of the colorectal mucosa: 137 were
collected at Tokyo Medical and Dental University
(TMDU), 41 at the Cancer Institute (CI), Tokyo and
the remaining 85 at the Karolinska Institute (KI), Stock-
holm. The presence of LB and of lymphoid follicle aggre-
gates underneath the adenoma, usually in the subjacent
submucosa, was recorded. Ten flat adenomas were
stained with Feulgen stain to identify DNA.

Definitions All adencmas reviewed in this survey had
been diagnosed as flat mucosal lesions by endoscopists.
All colonoscopically excised lesions which had been
clinically described as pedunculated or exophytic polyps
were excluded, regardless of the histological features.
Adenomas were classified as flat following the criteria of
Muto et al.® and Wolber and Owen.” Histologically, the
lesions lacked an exophytic polypoid configuration and
consisted of slightly elevated dysplastic mucosal plaques
never greater than two times the thickness of the adjacent
non-dysplastic mucosal segment (Fig. 1). The lesions
showed, at least at the periphery, radial extension of the
dysplastic epithelium in the superficial lumenal portion of
the mucosa without vertical extension of the dysplastic



epithelium to the base of the crypts. The histologic grade
of epithelial dysplasia was determined by the following
criteria™:

Low-grade dysplasia (LGD): when the dysplastic cells
were present in the deeper half of the epithelium.
High-grade dysplasie (HGD): when the dysplastic cells
were found in the superficial half of the epithelium in at
least three tubules or crypts, the normal configuration of
the crypts of Lieberkhun being retained.

Intramucosal carcinoma; had the same dysplastic altera-
tions as HGD but the crypts were no longer parallel:
there was a distortion of the structure of the mucosa with
molding and budding of the crypts.

Invasive adenocarcinoma: when neoplastic cells were
found in the submucosal tissues.

Fig. 1. Flat adenoma of the human colon (hematoxylin and
eosin, X25).

Leuchtenberger Bodies in Flat Adenomas

Apoptosis: HE- (Fig. 2) or Feulgen-positive granules
(Fig. 3) or granules revealed by direct immunoperoxi-
dase detection of DNA nick-end extension® (Fig. 4). The
granules were usually found in the basal aspect of the
cytoplasm of dysplastic cells or in interspersed macro-
phages. Some of the granules had a hematoxylin- or
Feulgen-stained core surrounded by an eosinophilic
cytoplasmic rim. The latter structures could be readily
discerned at TEM (Fig. 5).

Specific labeling of nuclear DNA fragmentation Sections
from 20 flat adenomas were tested for apoptotic material.
For this purpose, the immunoperoxidase detection of
digoxigenin-labeled genomic DNA was assessed in thin
sections of formalin-fixed tissues using the ApopTag in
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Fig. 3. Feulgen-stained flat adenoma of the colon demonstrat-
ing that the granules are Feulgen-positive (le, DNA)
(hematoxylin and eosin, X 180).

Fig. 2. Detail of a flat adenoma showing mtraeplthehal
Leuchtenberger bodies at the basal aspect of the dysplastic
epitheliom (hematoxylin and eosin, X300).

Immunohlstochemlcal demonstrate

Fig. 4.
apoptosis-positive granules (ApopTag in situ without counter-
stain, X 300).

staining to
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situ Apoptosis Detection Kit (Oncor, Gaithersburg,
MD). Reactions were checked in the entire lesion using a
X 10 ocular and a X 40 objective.

Semiquantitative assessment of apoptotic granules The
presence of occasional apoptotic (i.e., ApopTag-positive)
granules was subjectively graded as (+), (++) or
(+++). Absence of such bodies was recorded as 0.

Fig. 5. Transmission electron microscopy of a flat adenoma
of the colon. Note intraepithelial granules at the basal aspect
of the epithelium and macrophages with cellular debris (trans-
mission electron microscopy, X3000).

Table I.

Other technigques Two flat adenomas (from a Swedish
patient showing LB in HE-stained sections) were pro-
cessed for TEM, as described elsewhere for exophytic
colonic adenomas.” Adjacent sections were challenged
with epithelial immunohistochemical markers (cytokera-
tin MNF 116 and epithelial membrane antigen EMA).
Statistical amalysis Differences were measured using
Fisher’s exact test. Probability values of P<<0.05 were
regarded as statistically significant.

RESULTS

Histologic findings The results recorded in 263 flat
neoplasia of the colorectal mucosa are shown in Table I,
Of the 178 flat neoplastic lesions reviewed in Japan, 57
(32.0%}) had LGD, 101 (56.7%) had HGD, 5 (2.8%)
were intramucosal carcinomas and the remaining 15
(8.4%) were invasive carcinomas. Of the 85 flat neo-
plastic lesions in Sweden, 50 (58.8%) were flat adenomas
with LGD, 32 (37.6%) showed HGD and the remaining
3 were invasive carcinomas (3.5%).

LB in flat adenomas The results in Table I show that of
the 263 flat neoplasias investigated, 229 or 87.1% had
LB. The percent of flat lesions with LB was somewhat
lower in the KI material, but the difference from the
Japanese material was non-significant (P<0.6). Table I
also shows that the percent of flat adenomas with LGD
and with HGD having LB was similar at the 3 institu-
tions. The difference between the occurrence of LB in
LGD on the one hand and of HGD-carcinoma on the
other was significant (P<<0.01). The percent of flat ade-
nomas with intramucosal carcinoma having LB was sim-
ilar at the 2 Japanese centers. The difference between the
occurrence of those granules in LGD and in invasive
carcinoma was, however, non-significant. Of the cases

The Percent of Lesions with Leuchtenberger Bodies (LB) in 263 Flat Colorectal
Neoplasias : in 178 Japanese and 85 Swedish Patients

No. of lesions with LB bodies

Histology

TDMU CI KI Total
Low-grade 41/50 6/7 38/50 85/107
dysplasia (79.45%)
High-grade 73/78 23/23 29/32 125/133*
dysplasia (93.9%)
Intramucosal 3/3 2/2 — 5/5
carcinoma (100.0%)
Invasive 6/6 6/9 2/3 14/18
adenocarcinoma (77.8%)
All 123/137 37/41 69/85 229/263
(89.8%) (80.2%) (81.2%) (87.1%)

620

TDMU, Tokyo Medical and Dental University; CI, Cancer Institute; K1, Karolinska Institute.
% The number of flat lesions with high-grade dysplasia and LB was significantly higher (P<0.01)
than that of flat lesions with low-grade dysplasia and LB. )



Fig. 6. Flat adenoma of the colon. Note central, subjacent
lymphoid aggregates (hematoxylin and eosin, X 18).

with invasive carcinoma, the percent of cases having LB
was similar at CI and KI. At TMDU the percent of cases
having invasive carcinoma and LB was significantly
higher (P<0.01) than at the other 2 institutions.
Detection of DNA nick-end labeling This method
demonstrated the occurrence of apoptotic granules (Fig.
4) in the basal aspect of the dysplastic epithelium, in the
extracellular tissue surrounding the basal aspect of the
dysplastic epithelium and in interspersed macrophages.
The nuclear envelope in some cells also appeared labeled
(Fig. 6). The number of apoptotic granules was semi-
guantitatively estimated in the 20 flat neoplastic lesions
from Swedish patients (Table II). From the 12 flat
adenomas without (0) or with only occagional ()
apoptotic granules, 3 (25.0%) had HGD. From the 8 flat
adenomas with moderate (++) or with high numbers
(+++) of apoptotic granules, 6 (75.09%) had HGD. The
difference was significant (£ <0.001).

Subjacent lymphoid follicle satellites. Of the 178 flat
neoplastic lesions in Japanese, 70 (39.39%:) demonstrated
subjacent discrete lymph follicle aggregates (Fig. 6).
Similar subjacent lymphoid structures were found in 39
(45.9%) of the 85 flat neoplastic lesions in Swedish
patients. In Japanese patients, discrete lymph follicle
aggregates were present in 56 (45.59) of the 123 flat
neoplastic colorectal lesions having LB. On the other
hand, lymph follicle aggregates were also present in 14
(19.2%) of the 73 lesions lacking L.B. In Swedish pa-
tients, discrete lymph follicle aggregates were found in 37
(53.6%) of the 69 flat neoplastic colorectal lesions
having LB. On the other hand, lymph follicle aggregates
were also present in 2 (12.5%) of the 16 lesions lacking
LB. The difference between the lymphoid follicle aggre-
gates-LB combination and the lymphoid follicle aggre-
gates-absence of LB combination was significant (P<
0.01).

Leuchtenberger Bodies in Flat Adenomas

Table II. Semiquantitative Assessment of Immunochistochem-
ically (ApopTag) Stained Apoptotic Granules in 20 Flat
Colorectal Neoplasias in Swedish Patients with Either Low-
grade Dysplasia (I.GD) or High-grade Dysplasia (HGD)

Apoptotic granules

Histology
0 + ++ ++ Total
LGD 3 6 1 1 11
HGD 1 2 2 4 9
Total 4 8 3 5 20
DISCUSSION

We found that 87.19% of the flat colorectal adenomas
from Japanese and Swedish patients contained LB. The
frequency of flat neoplastic lesions with such granules
was similar in both ethnic groups. Consequently, the
occurrence of that phenomenon appears not to be in-
fluenced by race or environment in the two disparate
geographic regions investigated.

All the morphologic prerequisites of apoptosis were
present in the epithelium of many flat adenomas, such as
hematoxylin- and Feulgen-positive granules and specific
labeling of nuclear DNA fragments (apoptotic granules)
of various sizes, as well as membrane-bound (TEM)
cytoplasmic remnants in interspersed macrophages.” The
presence of labeling in the nuclear envelope in some
adenomatous cells was considered as an indication that
those cells were engaged in the process of apoptosis.'®

It is the general concensus that LGD in exophytic
adenomas antedates HGD.'" Assuming that the same
pathway is followed in flat adenomas, it would appear
that the apoptotic granules increased in frequency with
increasing “biological age” (i.e., degree of epithelial dys-
plasia) of the flat adenomas, since flat adenomas with
HGD contained more apoptotic granules than flat adeno-
mas with LGD. These results are consistent with those
reported by Arai and Kine' in exophytic colorectal
adenomas; they found that apoptosis was more frequent
in adenomas with severe atypia than in those with mild
atypia.

Yamagata er ¢l.'" and Minamoto et al.'® have re-
ported that the lower expression of K-ras mutation in flat
colorectal adenomas correlated poorly with the degree of
cellular atypia. Thus, the genetic alterations reported by
those authors'™ ¥ appear to be unrelated to the phenom-
enon of apoptosis reported here.

The origin of the apoptotic granules remains enig-
matic. Recent studies on cell proliferation in flat
adenomas'™ '® have shown the absence of karyorrhexis in
dysplastic cells in flat adenomas. Though LB were nega-
tive for immunohistochemical epithelial markers, an epi-
thelial origin of the apoptotic granules can not be totally
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rejected. Interestingly, the apoptotic granules (LB) ac-
cumulated in the cytoplasm of dysplastic cells, usually in
the basal aspect of the nuclei. If those granules had
originated in epithelial cells, a more haphazard distribu-
tion within the cytoplasm might be expected.

It has been suggested that the LB derive from in-
traepithelial lymphocytes.>” In this respect it should be
mentioned that intraepithelial lymphocytes were found in
some adenomas lacking apoptotic granules. Moreover,
the positive correlation between the occurrence of LB
and satellite lymphoid tissues in many flat tubular adeno-
mas appears to substantiate that possibility. Nevertheless,
subjacent lymphoid aggregates may only mirror a reac-
tion to the apoptotic events occurring in the dysplastic
epithelium higher up. Thus, we can not say whether the
apoptotic granules were derived from dysplastic ad-
enomatous cells or from intraepithelial lymphocytes.
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Recently, Pasricha et al.'” found that treatment with
Sulindac induced the regression of exophytic adenomas
in patients with familial adenomatous polyposis. The
regression was a consequence of increased apoptosis and
not reduced cell proliferation. These results in exophytic
adenomas indicate that apoptosis may be an important
biclogic phenomenon in colorectal neoplasias. Increased
knowledge on LB should improve our understanding of
the possible relationship between apoptosis, host immune
response and carcinogenesis in flat colorectal adenomas.
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