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UEA-1 and CEA Localization and Nuclear DNA Content in

Adenoma and Carinoma Cells of the Human Colorectum

Yoshiki Tabuchi!, Kizuku Imanishi®, Hiroyuki Deguchi® and Yoichi Saitoh?

In order to elucidate the relationship between adenoma and carcinoma, intracellular
localization of UEA-1 and CEA and the quantity of nuclear DNA content were examined
in 54 adenomas and 29 carcinomas of the human colorectum. UEA-1 localization was
confirmed in 77% of the adenoma with mild dysplasia, 84% of the adenomas with
moderate dysplasia and in 100% of the carcinomas; the localized rates increased in
accordance with the advance of cellular dysplasia. CEA was found in 40% and 60%,
respectively, of the adenomas with mild and moderate dysplasias and in all of the
carcinomas. In particular, CEA which was diffusely distributed in the cytoplasm was
found in 9% and 26%, respectively, of the adenomas with mild and moderate dysplasias
and in 79% of the carcinomas. Nuclear DNA content also increased in parallel with the
increase of dysplasia. In all the carcinomas, the proportion of polyploidy cells over 4C
were higher than 8%. However, 10% and 50%, respectively, of the adenomas with mild
and moderate dysplasias also showed the same proportion of polyploidy cells as that of
the cacrinomas. These results suggest that changes of UEA-1 and CEA localization and
of nuclear DNA content occur in adenoma cells preceding any structural malignant
changes and, further, that colorectal adenomas have already acquired malignant potential,

thereby, supporting the “adenoma-carcinoma sequence”.
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INTRODUCTION

The relationship between adenoma and
carcinoma has been gradually clarified
because of increasing information from
recent advances in the diagnosis of co-
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lorectal lesions, and also because of the
recent increase in the occurrence of co-
lorectal adenoma and carcinoma. In
general, the concept presently known as
the “adenoma-carcinoma sequence” has
widely accepted in which colorectal adeno-
ma has malignant potential and the major-
ity of all the carcinomas may originate
from adenomas (1—5), though some inves-
tigators have reported that “de novo carci-
nomas” may play an important role also in
the colorectum as well as the stomach
(6-—8).

On the other hand, changes of rectin
localization specifically binding to glyco-
conjugate and also changes of glycoprotein
localization in neoplastic cells have been
recently demonstrated in many studies
(9—14). It has been also clarified that
nuclear DNA content is different from
non-neoplastic cells and that it generally
increases in neoplastic cells including
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adenoma and carcinoma cells (15-17).
However, few studies in regard to the
changes of neoplastic cells have yet per-
formed simultaneously from the point of
the above 3 factors. Therefore, in order
to elucidate the relationship between ade-
noma and carcinoma in the colorectum, in
the present study the localized pattern of a
rectin (Urex europaeus agglutinin-1,
UEA-1) and a glycoprotein (carcinoem-
bryonic antigen, CEA), and the nuclear
DNA content were simultaneously ex-
amined in the cells of adenomas with
different grades of dysplasia and in carci-
nomas.

MATERIALS AND METHODS

Surgically or endoscopically extirpated
specimens were examined from 54 pa-
tients with adenoma and 27 patients with
carcinoma of the rectum and left-sided
colon. The classification of adenoma au-
thorized by the Japanese Research Society
for Cancer of the Colon and Rectum was
employed as a measure of the dysplasia in
adenoma: mild, moderate and severe dys-
plasias corresponded to the groups 2, 3
and 4—5 respectively. Examined adeno-
mas consisted of 35 mild, 19 moderate and
2 severe dysplasias in this study. Be-
cause adenoma with severe dysplasia was
clinicopathologically treated as “carcino-
ma i sisu” (5), 2 adenomas were also
classified into carcinoma in this study.
The specimens were fixed in 10% formalin
solution and embedded in paraffin. Ev-
ery section with 3—4 ¢ m was stained with
hematoxylin and eosin (HE) in the line
with general procedures. UEA-1 and
CEA localization in the sections and nucle-
ar DNA content were examined by stain-
ing with the following methods.

1. UEA-1 Stanining Method

In every specimen, immunohistochemi-
cal UEA-1 localization was examined in
the same serial as the HE staining sections.
For the immunohistochemical demonstra-
tion, rectin-antirectin PAP technique was
employed (18). Sections were deparaffi-
nized, dehydrated and washed in methanol
with 0.03% H,0, for 30 minutes, in order
to block endogenous peroxidase and to
avoid nonspecific reaction. After being
washed in physiological buffered saline
(PBS, pH 7.2), sections were immersed in
BSA solution (PBS with 1% cow serum,
E—Y Laboratories Inc., San Matro, CA) for
15 minutes, and then they were allowed to
react in BSA solution with UEA-1 (40 ¢
g/ml) for 1 hour at room temperature
followed by washing 3 times PBS. Fur-
ther, the sections were allowed in BSA
solution containing 1% goat anti-rabbit
IgG (Dakopatts, Copenhagen, Denmark) for
30 minutes and then washed 3 times in
PBS. After the reaction on 1% rabbit
PAP complex (Dakopatts) for 30 minutes,
the sections were washed 3 times in PBS
and then stained by AEC (3-amino-9-ethyl
carbazole) solution containing 0.3% H,0,
and stained with hematoxylin for nuclear
stain.

2. CEA Staining Method

The same serial sections as the histo-
pathologic specimens were used also for
CEA stain. To demonstrate CEA, un-
labelled PAP technique was employed.
The staining chemicals and procedures
were the same as those previously de-
scribed precisely by Hamada et al (19) and
us (20). The absorption of primary CEA
antibody (Dakopatts, Copenhagen, Den-
mark) with perchloric acid extracts of the
normal spleen, and tests for the specificity
of the antibody were also performed as
previously reported by Nagura and co-
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workers (14).

3. Feulgen Staining Method and Measure-
ment of Nuclear DNA Content

The diameter of 50 nuclei in 20 adeno-
mas and 10 carcinomas was measured in
the HE staining sections, and then the
sections 1.2 times thicker than the average
diameter were sliced from the portions
just adjacent to the sections used for
histopathologic study. The sections were
stained with Feulgen reaction described
precisely by Naora (21). Using a micro-
spectrophotometer (MSPA, type IV, Olym-
pus Co., Tokyo, Japan) with two-wave
length method (22), nuclear DNA content
was measured in 50 cells of every adeno-
ma and carcinoma. Nuclear DNA content
of 50 stromal lymphocytes was used as the
control for the normal diploid content (2C),
in order to determine variation in the DNA
content of the neoplastic cells. By way of
the measurement, only the whole nuclei
were selected and measured with excep-
tion overlying and/or partially cut nuclei.

UEA-1, CEA and DNA in colorectal neoplasm

4. Statistical Analysis
The data were analyzed by the X ? test
and Student’s ¢ test.

RESULTS

1. UEA-1 Localization

The UEA-1 localized pattern in cells
was classified into 2 types; apical and
diffuse types according to the difference in
the localization within the cytoplasm. In
the former, UEA-1 was localized only in
the supra-nuclear cytoplasm. In the lat-
ter, UEA-1 was found in the supra-
nuclear and also in the infra-nuclear
portion of the cytoplasm (Fig. 1).

UEA-1 localization was seen in all of
the carcinomas, which consisted of 7
(24.1%) apical and 22 (75.9%) diffuse
types. The apical type was found only in
early carcinomas and not observed in
advanced carcinomas. Statistically, the
apical type was found significantly (P<
0.05) more frequently in the former than

Figure 1. UEA-1 localized pattern in the cytoplasm of neoplastic cells.

and/or basolateral membrane.
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In the apical
type (A), UEA-1 is found only in the supranuclear portion of the cytoplasm.
However, in the diffuse type (B), it is diffusely localized in the cytoplasm

UEA-1 stain, X 800.
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Table 1. UEA-1 localized pattern in the cytoplasm of adenoma and carcinoma cells.

Neoplastic lesion No Apical type (%) Diffuse type (%) Total (%)
mild t?
dysplasia 35 23 (65.7) 1 4 (11.4) t2 27 (77.1)
Adenoma 36 (66.7) 7 (13.0) .
moderate
dysplasia 19 13 (68.4) 3 (15.8) 16 (84.2)
2 TB
early 19 7 (36.8) 12 (63.2) 19 (100)
Carcinoma 7 (24.1) 22 (75.9) t
advanced 10 0 10 (100) 10 (100)
t' Significant difference from carcinoma (P < 0.005).

t2 Significant difference from advanced carcinoma (P < 0.05).
t 23 Significant correlation among 4 neoplasms (P < 0.005).

in the latter. In adenomas, UEA-1 was
confirmed in 43 (79.6%) adenomas and not
seen in 11 (20.4%) adenomas; and these
rectin localized adenomas consisted of 36
(66%) apical and 7(13%) diffuse types.
Although no differences in the localized
pattern was found between mild and mod-
erate dysplasias, the apical type was noted
significantly (P<<0.005) more frequently

in adenomas than in carcinomas. On the
contrary, the diffuse type was found signi-
ficantly (P<0.005) more frequently in
carcinomas than in adenomas (Table 1).

2. CEA Localization

The CEA localized pattern in the cells,
as well as the UEA-1 pattern, was also
classified into the apical and diffuse types

Figure 2.

membrane.

68

CEA localized pattern in the cytoplasm of neoplastic cells.
type (A), CEA is shown only in the supranuclear portion.

In the apical
In the diffuse

type (B), CEA is diffusely found in the cytoplasm and/or basolateral

CEA stain, X 800.
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Table 2. CEA localized pattern in the cytoplasm of adenoma and carcinoma cells.

Neoplastic lesion No Apical type (%) Diffuse type (%) Total (%)
. 2 73
mid 35 41 (31.4) 3 ( 86) 14 (40.0)
dysplasia : T
Adenoma 19 (35.2) t2 8 (14.8) s
moderate g g (42.1) 5 (26.3) 13 (68.4)
dysplasia
T2 T3
early 19 4 (21.1) 15 (78.9) 19 (100)
Carcinoma 6 (20.7) te 23 (79.3) 3
advanced 10 2 (20.0) 8 (80.0) 10 (100)

t' Significant difference from carcinoma (P < 0.001).
t 2 Significant correlation among 4 neoplasms (P < 0.005).
t 3 Significant correlation among 4 neoplasms (P < 0.001).

according to the localization in the cyto-
plasm; in the former, CEA was found only
in the supa-nuclear portion and in the
latter, CEA was diffusely observed in the
cytoplasm including the supra-and infa-
nuclear portions (Fig. 2).

CEA localization was found in 14(40%)
adenomas with mild dysplasis, in
13(68.4%) adenomas with moderate dys-
plasia and in all 29 (100%) carcinomas.
The frequency of the occurrence of locali-
zation significantly (P<<0.005) increased
in parallel with the increase of cellular
dysplasia (Table 2). The relationship be-
tween the CEA localized types and cellular
dysplasia is also shown in Table 2. The
diffuse type was found in 3 (8.6%) adeno-
mas with mild dysplasia, 5(26.3%) adeno-
mas with moderate dysplasia and in
23(79.3%) carcinomas. This type of
CEA localization was significantly (P<
0.005) correlated with the cellular dyspla-
sia. On the other hand, the apical type
was observed in 11 (31.4%) adenomas
with mild dysplasia, 8 (42.1%) adenomas
with moderate dysplasia and in 8 (21.1%)

Vol. 5, 1989

early carcinomas and 2 (20.0%) advanced
carcinomas. The apical type was more
frequently found in adenomas than in
carcinomas. However, there was no sig-
nificant difference among adenomas with
mild and moderate dysplasias and carcino-
mas (Table 2).

3. Nuclear DNA Content

Twenty adenomas and 10 carcinomas
were examied according to 3 variables in
the cells which consisted of the main mode,
the average of nuclear DNA content, and
the proportion of cells over 4C. They are
summalized in Table 3. No statistical
difference in the main mode was found
between adenomas with mild and moderate
dysplasias or between early and advanced
carcinomas. However, the main mode
(2.3 = 0.35C) in adenomas with moderate
dysplasia was significantly (P<0.005)
lower than that (3.3 £ 0.84C) in early
carcinomas. The average DNA content
and proportion of the cells over 4C were,
respectively, 2.4 = 0.27C and 1.8 *
247 (range 0.0 — 8.0)% in the adenomas
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Table 3. Nuclear DNA content in adenoma and carcinoma cells.

. . Main mode Average DNA Polyploidy cells over
Neoplastic lesion No " " 4C (%) and range [ ]
mild dysplasia 10 2.2+0.26 2.4 +0.27 1.8 +274 [0.0-8.0]
Adenoma
moderate 10 23+035%T  26+0391° 46+508 [0014011
dysplasia
early 10 3.3%+0.84 3.7+£0.52 32.0 = 14.90 [8.0-42.0]
Carcinoma
advanced 10 3.9+0.82 3.9+ 0.96 38.0 £51.50 [10.0-88.2]

* mean % standard deviation.
t' significant difference from carcinoma (P < 0.005).
t? significant difference from carcinoma (P < 0.0005).

with mild dysplasia, 2.6 = 0.93C and 4.6
+ 5.08 (range 0.0 — 14.0)% in the adeno-
mas with moderate dysplasia, 3.7 £
0.52C and 32.0 £ 149 (range 80 —
42.0)% in the early carcinomas and 3.9 *
0.96C and 38.0 %= 31.5 (range 10.0 —
88.0)% in the advanced carcinomas. The
tendency for increase was noted in para-
llel with the advance in cellular dysplasia,
and the proportion of polyploidy cells over
4C was higher than 8% in all the carcino-
mas. Although the average DNA content
and proportion of the cells over 4C were
not statistically noted between the adeno-
mas with mild and moderate dysplasis or
between the early and advanced carcino-
mas, these were significantly (P<0.005)
higher in carcinomas than in adenomas.
However, 1(10%) of 10 adenomas with
mild dysplasia and 5(50%) of 10 adeno-
mas with moderate dysplasia also showed
the same proportion of polyploidy cells as
that of carcinomas (Table 3).

DISCUSSION

In general, there has been wide accept-
ance of the concept presently known as the
“adenoma-carcinoma sequence” in the hu-
man colorectum (1—5). The causes sup-
porting the sequence are based on indica-
tions such as the presence of microscopic-
al malignant foci in adenomas (1-5), the
increasing malignancy rate in parallel
with the growth of adenomas (1-—3), the
concurrence in adenomas and carcinomas
(3, 4, 23), the common occurrence of
carcinomas in adenomatosis or in muptiple
adenomas (1, 22) et cetra (23). As a
matter of fact, cases have been reported in
which carcinomas have developed from
pre-existing adenomas during the follow-
up of patients (1, 24). In addition to
human studies, experimental evidence also
supports the adenoma-carcinoma sequence
whereby adenomas frequently developed
into carcinomas (25, 26).

On the other hand, changes of glyco-
conjugates in the cell membrane of malig-
nant cells and also changes of glycoprotein
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or protein production in malignant or
neoplastic cells have been recently demon-
strated in many studies (9—14). Nuclear
DNA content, as well as glycoconjugates
or glycoprotein, also has been clarified as
different in the non-neoplastic cells and
generally increase in neoplastic and malig-
nant cells (15-17). However, few stu-
dies on the neoplastic cells including
adenoma and carcinoma cells have been
performed yet simultaneously from the
point of view of the 3 varibbles above.
Thus, in the present study, in order to
elucidate the relationship between adeno-
ma and carcinoma a rectin “UEA-1" spec-
ifically binding to glycoconjugates, CEA
production or localization in the cells and
nuclear DNA content were simultaneously
examined in adenomas with different
grades of dysplasia and in carcinomas of
the human colorectum.

Glycoconjugate binding with UEA-1 is
‘not seen in almost all the non-neoplastic
mucosal cells of the left-sided colon and
rectum (10). However, it is frequently
demonstrated in neoplastic cells including
those of carcinoma and adenoma, because
a neoplastic glycoprotein witha —1-
fucosyl residue may be produced or be-
cause the terminal carbohydrate structure
of glycoprotein present in non-neoplastic
mucosal cells may be altered to bind easily
with UEA-1 after the neoplastic trans-
formation (10). In the present study,
UEA-1 location was confirmed in 77.1%
of the adenomas with mild dysplasia,
84.2% of the adenomas with moderate
dysplasia and in 100% of the carcinomas,
and the positive rates increased in accord-
ance with the advance of cellular dyspla-
sia. Regarding the UEA-1 localized pat-
tern, the diffuse and apical types were
found, respectively, 11.4% and 65.7% in
the adenomas with mild dysplasia, and
15.8% and 68.4% in the adenomas with
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moderate dysplasia; these type were
found, respectively, in 63.2% and 36.8%
of the early carcinomas and 0% and 100%
of the advanced carcinomas. The result
indicates that chemical changes of glyco-
conjugate binding with UEA-1 take place
in carcinomas and even in adenomas as
already reported by some investigators
(10, 18), even though adenomas are not
structurally confirmed to be malignant.
This suggests that adenomas may bio-
chemically have malignant potential, sup-
porting the adenoma-carcinoma sequence.

In general, CEA is widely accepted as
one of the tumor or neoplastic markers.
In non-neoplastic mucosal cells, CEA is
reported to exist only in the microvillus
surface (13, 14). However, in carcinoma
cells it is clarified to be characteristic that
the antigen exists in the cytoplasm and
also in the basolateral membrance (14, 14,
19, 20). Thus, the existence of CEA in
the cytoplasm is thought to indicate carci-
noma cells or cells with the same biological
charateristics as carcinoma cells. There-
fore, in the present study, the relationship
between carcinoma and adenoma was ex-
amined through the CEA localization and
the localized pattern in the cytoplasm.
CEA localization was found in 40% of the
adenomas with mild dysplasia, 68.4% of
the adenomas with moderate dysplasia and
in 100% of the early and advanced carci-
nomas, and the location in the cytoplasm
increased in rate in accordance with the
advance of cellular dysplasia. The apical
and diffuse types were, respectively,
31.4% and 8.6% in adenomas with mild
dysplasia, 42.1% and 26.3% in adenomas
with moderate dysplasia, 21.1% and
78.9% in early carcinomas and 20.0% and
80.0% in advanced carcinomas. No dif-
ference of the CEA localized pattern was
found between early and advanced carci-
nomas. However, significant difference
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was seen in adenomas, and the diffuse type
was significantly higher in adenomas with
moderate dysplasia than in those with
mild dysplasia. The result suggests that
some of colorectal adenomas, even with
mild dysplasia, have already acquired a
biochemical characteristic of carcinoma
preceding the structural carcinomatous
change, as already proposed by some
investigators (1-5, 23).

In human and experimentally induced
neoplasms, analysis of nuclear DNA con-
tent has been frequently used as an
indicator of malignant changes. Further-
more, it has been reported to be also an
indicator of malignant potential in pre-
carcinomatous lesions such as adenomato-
sis and ulcerative colitis, etc (15—17, 27).
When the proportion of polyploidy cells
over 4C is more 5.0% of all the cells, the
lesions are generally thought to be malig-
nant cells (28, 29). Additionally, when
the proportions are between 2.0% and
4.0%, the lesions are reported to be
borderline lesions having malignant poten-
tial (28, 29). In the present study, no
statistical difference of main mode and
average DNA content was found between
early and advanced carcinomas or be-
tween adenomas with mild and moderate
dysplasias, though a tendency to increase
in parallel with the advance in cellular
dysplasia was noted. However, the main
mode and the average content were, re-
spectively, 3.2C and 2.6C in adenomas
with moderate dysplasia and 3.5C and
3.7C in early carcinomas. They were
significantly higher in the latter in the
former. The average proportion of poly-

ploidy cells over 4C were, respectively,
1.8% (range 0—8)% in adenomas with mild
dysplasia, 4.6 (range 0—14)% in adenomas
with moderate dysplasia, 32.0 (range 8—
42)% in early carcinomas and 38.0 (range
10—-88)% in advanced carcinomas. Both
early and advanced carcinomas showed
the characteristic polyploidy of malignant
cells. On the other hand, the proportion
of polyploidy cells over 4C was distrib-
uted between 2% and 8% in 4 of the 10
adenomas with mild dysplasia and be-
tween 2% and 14% in 4 of the 10
adenomas with moderate dysplasia. Ten
percents and 50%, respectively, of adeno-
mas with mild and moderate dysplasias
showed the same proportion of polyploidy
cells as that of carcinomas. Therefore,
from the point of view of nuclear DNA
content in the cells, it is suggested that
some of the adenomas have already ac-
quired a carcinomatous characteristic and
that some of them have been revealed to
hold malignant potential, though they re-
veal no structual malignancy.

In conclusion, although changes of UEA-
1 and CEA localization and nuclear DNA
content in the cells are regarded as repre-
senting only some of the characteristics
among many biological and/or biochemical
changes which may occur in carcinoma
cells, these changes are thought to occur
prior to any structural or histological
malignant changes. Furthermore, it is
also suggested that colorectal adenomas
have already acquired malignancy and/or
a malignant potential, supporting the ade-
noma-caocinoma sequence.

72 Bulletin of Allied Medical Sciences, Kobe



UEA-1, CEA and DNA in colorectal neoplasm

REFERENCES

1. Muto T, Bussey HJR, Morson BC: The evolution of cancer of the colon and rectum. Cancer 36:
2251-2270, 1975

2. Helwig EB: Adenomas and the pathogenesis of cancer of the colon and rectum. Dis Colon
Rectum 2: 5-17, 1959

3. Lane N: The precursor tissue of ordinary large bowel cancer. Cancer Res 36: 2669—-2672,
1976

4. Shinya H, Wolf WI: Morphology, anatomic distribution and cancer potential of colonic polyps.
Ann Surg 190: 679-683, 1980

5. Muto T: Serial section study of colonic adenomas with special reference to minute carcinoma.
Jpn J Cancer Res 80: 356-—359, 1989

6. Castleman B, Krickstein HI: Do adenomatous polyps of the colon become malignat ? N Engl Med

267. 469-475, 1962

7. Spratt JS, Ackerman LV, Moyer CA: Relationships of polyps of the colon to colonic cancer. Ann
Surg 148: 682-698, 1958

8. Oohara T, Ogino A, Saji K, et al: Studies on the difference of background mucosa among single
advanced carcinoma and benign diseases of the large intestine, and familial polyposis coli.
Cancer 45: 1637-1645, 1980

9. Kim YS, Isaacs R: Glycoprotein metabolism in inflammatory and neoplastic disease of the human
colon. Cancer Res 35: 2092-2095, 1975

10. Yonezawa S, Nakamura T, Tanaka S, et al: Glycoconjugate with Urex europaeus agglutinin-1
binding sites in normal mucosa, adenoma and carcinoma of the human large bowel. JNCI 69:
777-785, 1982

11. Boland CR, Montgomery CR, Kim YS: A cancer-associated mucin alternation in benign colonic
polys. Gastroenterol 82: 664—672, 1982

12.  Cooper HS: Peanut lectin-binding sites in large bowel carcinoma. Lab Invest 47: 383—390,
1982

13.  Ahnen D], Nakane PK, Brown WR: Ultrastructural localization of carcinoembryonic antigen in
normal intestine and colon cancer. Abnormal distribution of CEA on the surface of colon
cancer cells. Cancer 49: 2077-2090, 1982

14. Nagura H, Tsutsumi Y, Shioda Y, et al: Immunohistochemistry of gastric carcinomas and
associated diseases. Nobel distribution of carcinoembryonic antigen and secretory component
of the surface of gastric cancer cells. ] Histochem Cytochem 31: 193-198, 1983

15. Stich HF, Florain SF, Emson HE: The DNA content of tumor cells. 1. Polyps and
adenocarcinomas of the large intestine of man. JNCI 24: 471-482, 1960

16.  ColeJW, McKalen A: Observations on the cytochemical composition of adenomas and carcinomas
of the colon. Ann Surg 152: 615-620, 1960

17.  Bohn N, Sandriterr W: DNA in human tumors: A cytophotometric study. Curr Top Pathol 60:
151-219, 1975

18. Nakamura T, Yonezawa S, Tanaka S et al: Lectin staining pattern in adenoma and early
carcinoma of the large bowel. Byori to Rinsho 3: 317-322. 1985 (in Japanese)

19. Hamada Y, Yamamura M, Hioki K, et al: Inmunohistochemical study of carcinoembryonic antigen
in patients with colorectal cancer: Correlation with plasma carcinoembryonic antigen levels.
Cancer 55: 136—141, 1985

20.  Tabuchi Y, Deguchi H, Saitoh Y: Carcinoembryonic antigen and carbohydrate antigen 19-9
levels of peripheral and draining venous blood in colorectal cancer patients: Correlation with
histopathologic and immunohistochemical variables. Cancer 62: 1605-1613, 1988

21. Naora H: Microspectrophotometry of cell nucleus stained by Feulgen reaction. I Microspec-
trophotometric apparatus without Schwarzschild-Villinger effect. Exp Cell Res 8: 269-278,
1955

22.  Mendelsohn ML: The two-wave length method of microspectrophotometry. II. A set of tables to
facilitate the calculations. ] Cell Biol 4: 415-424, 1958

23.  Sugarbaker PH, MacDonald JS, Gunderson LL: Colorectal cancer. In Cancer, Principles and
Practice of Oncology. Edited by VT DeVita, S Hellman, SA Rosenberg. Philadelphia and

Vol. 5, 1989 73



Y. Tabuchi et al.

24.
25.
26.
27.

28.

74

Toronto, JB Lippincott Co, 1982, P. 643-723

Scarborough RA: The relationship between polyps and carcinoma of the colon and rectum. Dis
Colon Rectum 3: 336-—342, 1960

Lipkin M: Biology of large bowel cancer: Present status and research frontiers. Cancer 36:
2319-2324, 1975

Narisawa T: The current status of research on experimental large bowel cancer. Igaku no
Ayumi 103: 203-208, 1977 (in Japanese)

Cary H, Premysl S, Bernbard T: Early detection of malignancy in ulcerative colitis. A
flow-cytometric DNA study. Cancer 291-295, 1984

Hirose S, Iwasa Z: Analysis of the nuclear DNA content. A study on the nuclear DNA contents
of borderline lesions between malignant and benign changes of the stomach. Gan no Rinsho 18:
859-869, 1972 (in Japanese)

Bulletin of Allied Medical Sciences, Kobe



