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mucosa of an adenocarcinoma,

Fig. 5. Transitional

Crypts are much longer than in Fig. 1, and goblet

cells are taller and distended with mucin. (H&E

stain, = 100)

Fig. 6. Transitional mucosa of an adenocarcinoma show-

ing marked widening of crypts. (H & E stain,

x 100)

Fig. 7. Transitional mucosa of a cloacogenic carcinoma

showing irregular widening and branching of

crypts. (H & E stain, x 100)

_lm —



—ubabal 2] 29l @ by o hete] ke B =3 A5 % 2RI oA -

Table 6. Histochemical changes of the transitional mucosa in various colonic diseases

Histological No. of
diagnosis Cases
Adenocarcinoma 66
Cloacogenic carcinoma 2
Squamous cell carcinoma 6
Metastatic carcinoma 4
Leiomyosarcoma 2
Malignant lymphoma 2
Lymphoid hyperplasia 1
Tuberculosiz 1
Nonspecific inflammation B

Histochemical changes

Mucin character

Mucin amount

Increased Nonsulfated
Increased Nonsulfated
Normal Sulfated
Normal Sulfated
Normal Sulfated
Decrease Sulfated
Normal sSulfated
Focal decrease Sulfated
Decrease Sulfated

DISCUSSION

The mucosa of normal colon has a histologic pattern of
regular corrugation which is composed of parallel crypts.
The central ones are tallest and vertical to the musculans
mucosa, whilst their flanking fellows curve slightly out-
ward and are shorter. There are seldom branching. Most
of the surface epithelium is composed of absorptive ones,
whereas the crypt epithelium is mostly of goblet cells0)
Both the goblets and absorptive cells originate in the
deeper part of the crypts, where nearly all the mitoses are
seen, and migrate from there toward the luminal surface.
The mucin is mixed sulfated and nonsulfated acd
mucopolysaccharides, although the sulfated one is
predominant especially at the deeper half of the crypt®,

Burdette proposed that the mucosa adjacent to a tumor
could be histologically normal but still have undergone
“premalignant” changes acquiring an increased potential
for malignant transformation!®, Filipe and his col-
league? ~ 10. 13. 18) have reported that when a primary car-
cinoma develops, there are alterations in the nearby
mucosa at least in the chemical composition of the mucin.
Nearer the turmor, goblet cells along the crypt and of sur-
face epithelium contain mainly nonsulfated acid mucins
usually accompanied by a decrease or absence of
sulfomucing, which are predominant in the normal mucosa
of the human large intestine” ~ 10, In the present study, it

was confirmed that sulfated mucin was decreased at the
transitional mucosa adjacent to primary adéenocarcinoma,
hEingrsuhstituted by sialomucin.

In addition to the histochemical alteration, im-
munoflucrescent studies have also shown that modifica-
tions occur in areas around the tumor in carcinoma of the
colon? ~8, as have studies with *H-thymidine20 ~ 25

By histology, however, widely accepted had been the
opinion that a sharp line of demarcation existed between
cancers and nearby mucosa without an intervening transi-
tional zonel~2 until Filipe and Branfoot reported in-
creased depth of crypts with branching and larger goblet
cells in the so called transitional mucosa of human colonic
carcinomal?, and experimental studies with
dimethylhydrazine (DMH]) a known colorectal carcinogen
revealed various stages in the process of colorectal car-
cinogenesisl? ~15. 26 ~30), We have review the report by
Dawson and Filipe, in which they demonstrated an in-
creased number of goblet cells in the crypts of the transi-
tional mucosa accompanied by a decrease in the number
of absorptive cells without cytologic atypia®. They also
noted that the goblet cells were taller and distended with
mucin as compared with the normal mucosa. Saffos and
Rhatigan described nonpolypoid mucosal changes adja-
cent to randomly selected carcinoma of the colon and
discussed the possible significance!ll, We found the col-
onic crypts of peritumor area deeper and the number of
goblet cells per crypt increased, confirming the previous
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reports. [rregular widening and branching of the crypts
seen in the transitional mucosa were the other configura-
tional changes which were constantly present although
variable in degree. The present study demonstrated that
the number of goblet cells per unit lengh of crypt was in-
creased accompanying over-production of
mucosubstances, predominantly sialomucin, in primary
adenocarcinoma and cloacogenic carcinoma, and that
when the increase of crypt depth was less marked, bran-
ching or widening was more profound. These findings in-
dicate that the increases in depth, width and/or branching
of crypts reflect goblet cell hyperplasia with initial over-
production of mucosubstances, which may in turn pro-
gress to dj.rsplﬁ.sia.

Still controversial iz whether the histological and
histochemical changes of the transitional mucosa is at-
tributable to a response to a stimulus from which colonic
carcinoma may develop, or to a response of the colonic
mucosa to any irritating influence mcluding the presence
of a carcinoma. Regarding the change of mucin character,
‘there iz evidence that it may be primary rather than secon-
dary. Filipe and Branfoot noted that similar qualitative
changes of the epithelial glycoproteins had been found in
human large intestine not only in the mucosa around the
carcinoma but also in patches of normal mucosa at varous
distances from the tumorl®. Studies on experimental
animals in which colorectal carcinoma was induced by
DMH further support this. The areas of mild or moderate
dysplasia, which were induced by DMH administration
before frank malgnant lesion developed, showed marked
changes in the composition of the goblet cell mucin, which
were characterized by the predominance of sialomucing
and accompanied by a decrease or absence of sulfated
material'® 15, It can be concluded that DMH car-
1:inngelncai.s may involve two steps: 1) an initial increase in
the number of goblet cells leading to an enlarged popula-
tion in which sulfomucin still predominate, 2} an eventual
transformation of at least some of the cells of the enlarged
population accompanied by progressive predominance of
sialomucinld. 3, Studies with 355, in fact, showed
decreased isotope uptake in the nonneoplastic mucosa of
rats treated with DMH32) and also in the mucosa adjacent
to colorectal carcinoma in human®3, The predominance of
sialomucin and reduction of sulfated mucin which have

been demonstrated in the goblet cells of mucosa around
carcinoma, resembles the mucus secretion pattern of
human fetal gut34.35). There have been many descriptions
of tumor cells possessing features of fetal cells or capable
of producing fetal proteins which can be detected in sera
of cancer patients®436—%, The production of these em-
bryonic antigen in adult cells following malignant
transformation may represent a loss of suppressor genes
and a regression of the cell to a more embryonic
statedt. a0,

Of the various colonic lesions included in this study, all
the histological and histochemical changes described
above were found only in primary colorectal adenocar-
cinoma and anorectal cloacogenic carcinoma. This result
is quite to the contrary to the opinion that colon mucosa
responds to various forms of extrinsic injury in a uniform
mannerdl), even supporting the view that mucosal
changes of transitional zone is primary and not secondary
to carcinoma.

The significance that the left colonic control mucosa
have deeper and wider crypts and less goblet cells per unit
crypt then the right colon is vet to be detemined.
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INTRODUCTION

Studies on the peritumor area in carcinoma of the colon
had been neglected until the early 1960's and it had been
known that there was no singnificant or predictable
change in mucosa adjacent Lo colon cancerl.2l). Never-
theless several workers have continued investigations in
this field with immunofluorescenced~® and with
histochemical methods? 8, providing that some maodifica-
tions in mucin composition occur in areas around the
tumor in carcinoma of the colon.

In fact, it was shown that the histologically normal
mucosa nearby the tumor of large intestine is often
histochemically abnormal, i.e. the transitional mucosa, as
t had been named by Filipe, is characterized by an in-
crease of sialomucins, usually accompanied by a decrease
or ahsence of sulfomucins, which are predominant in the
normal mucesa of the large intestined.10,

Recently Saffos and Rhatigan revealed light
microscopic alterations in the number of goblet cells and
the depth and shape of the crypts of the transitional
mucosall), The light microscopic changes found in ex-
perimental animals following administration of known
carcinogen are similar to those reported by Saffos and
Rhatigan!?—15), giving further morphological evidence
that the alterations of the transitional mucosa might be an
early stage of colonic carcinogenesis. However the
possibility that the light microscopical and histochemical

H o4 1982 119 274
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changes may be secondary to the tumaor growth still can
not be discarded with certainty.

The present study is to clarify this issue and give aid
for the early diagnosis of carcinoma of the large intestine.

MATERIALS AND METHODS

The materials consisted of 92 specimens of large in-
Lesti}:e, which were surgically resected due to various
large bowel diseases during the period from April 1978 to
March 1980.

The large bowels were opened immediately, cleaned
and fixed for 24 hours in 10% neutral formalin containing
21, calcium acetate. After fixation, sections were made to
include part of the lesion and the wall of proximal 5cm
from the lesion with a width of 0.5¢m. Strips of mucosa
and muscularis mucosa were coiled up in “gwiss-roll”
which were dehydrated with graded alcohol and embed-
ded in paraffin. Sections were made in 5 micron thickness
and were stained with hematoxylin-eosin for routine
histologic and morphometric studies, and with aldehyde
fuchsin-alcian blue (pH 2.507 and high iron diamine-
alcian blue (pH 2.5)18), with which sulfomucins can be dif-
ferentiated from sialomucins and neutral mucopolysac-
charides.

The histological diagnoses of the colorectal lesions
were primary adenocarcinoma in 66 cases, cloacogenic
carcinoma in 2, primary anorectal squamous cell car-
cinoma in 6, metastatic squamous cell carcinoma from the
uterine cervix in 4, sarcomas in 4 and benign conditions in
10 (Table 1).

The mucosa within 2em from the edge of the lesion was
considered as transitional mucosa, and that more than
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4cm apart as control mucosa.
Examinations were performed concerning the
followings:
1) Morphometric changes of the transitional mucosa
(1) measurement of the crypt depth
(2) measurement of the crypt width
(3) branching of the crypts
(4) changes of the number of goblet cells
2) Histochemical changes of the transitional mucosa

Measurement of the crypt depth was made only on
those cut through their whole length and showing the
lumen throughout; in most sections 5 such crypts could be
measured and the mean value calculated. The same
crypts were used for the goblet cell (the number of goblet
cells per 100u).

RESULTS

1) Morphometric changes of the transitional mucosa

(a) Measurement of the erypt depth

In primary adenocarcinoma the transitional mucosa
showed an apparent increase in depth of the crypts. It was
540-1,440 v in comparison with that of control mucosa,

Table 1. Histological diagnoses of the materials

Adenocarcinoma 66
of the left colon 50
of the right colon 16

Cloacogenic carcinoma
Squamous cell carcinoma
Metastatic carcinoma
Leiomyosarcoma
Malignant lymphoma
Lymphoid hyperplasia
Tuberculosis

Nonspecific inflammation

GO = = b b = I RS

where it was 400-720 u. None of the control mucosa had
crypts deeper than 720 u and crypts of the transitional
mucosa were shorter than 720 u in only five cases, The
ratio of crypt depth of transitional mucosa to that of con-
trol (TM/CM) was 1.71, which proved to be significant
(p <0.005) (Table 2).

In cloacogenic carcinoma arising at anorectal mucosa,
the TM/CM of crypt depth was 2,12 (p ¢ 0.005).

The transitional mucosa of squamous cell carcinoma
primary at the anorectal area was not different from con-
trol mucosa, Mural lesions such as leiomyosarcoma,

Table 2. The crypt depth of transitional mucosa in various colonic diseases{u)

Histological No. of Crypt depth
diagnosis cases CM ) ™ TM/ICM
Adenocarcinoma 66 539419 9213444 1.71+0.09°
of the left colon 50 5614+ 18 941 + 46 1.6840.07
of the right colon 16 472417 859 + 22 1.8240.05
Cloacogenic carcinoma 2 520411 1100 + 99 2.121021°
Squamous cell carcinoma 6 507 £20 467 + 17 0.92 + 0.05
Metastatic carcinoma 4 523 + 16 636 + 56 1.22+0.12
Leiomyosarcoma 2 490 + 21 490+11 1.00 4 0.05
Malignant lymphoma 2 470+ 7 505 £ 19 . 1.0740.08
Lymphoid h i 1 ~ 470 £ 11 -
Tuberculosis 1 490419 400+ 6 0.82+0.04
Nonspecific inflammation B — 517+29 -
+ standard error
* p{0.005
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malignant lymphoma, lymphoid hyperplasia and
metastatic carcinoma, as well as nonspecific inflam matory
bowel diseases did not induce significant changes in the
depth of crypts. In tuberculosis the transitional mucosa
was rather compressed resulting in reversed TM/CM,

The depth of crypt in control mucosa of the left colon
was different from the right one. In adenocarcinoma, they
were 561 and 472 u respectively {p< 0.,025). In lei-
omyosarcoma, malignant lymphoma, lymphoid hyper-
plasia and tuberculpsis, all of which involved the right col-
om, the crypt depths of control mucosae were 470-490 u,
whereas in lesions involving the left colon they were
507-523 u.

(b} Measurement of the crypt width

When measured from one basement membrane of a
crypt to the opposite, the crypt diameter of transitional
mucosa was remarkably increased in primary adenocar-
cinoma and cloacogenic carcinoma (p € 0.005), sometimes
as much as three folds wider as in the cases of cloacogenic
carcinoma ({Table 3). When the increase of crypt depth
was less marked, this type of configurational change tend-
ed to be more prominent. There was no remarkable dif:
ference in the crypt width between control and transi-
tiomal mucosa of various diseases other than those of
primary adenocarcinoma and cloacogenic carcinoma.

Table 3. Crypt width of transitional mucosa in various colonic diseases(u)

— -

Histological No. of Crypt width | -
diagnosis cases ™ CM TM/CM
Adenocarcinoma 66 T2+16 156 + 39 217+ 0.14*
Cloacogenic carcinoma 2 58+ 11 173+ 57 2.99+0.23*
Squamous cell carcinoma 6 61+ 4 59+ 4 0.94 4+ 0,05
Metastatic carcinoma 4 o8B+ 9 73+ 6 1.2640.13
Leiomyosarcoma 2 66+ 12 66+ 11 1.00 + 0.06
Malignant lymphoma 2 o8+ 4 6511 1.1240.10
Lymphoid hyperplasia 1 — 35+ 4 -
Tuberculosis 1 53+ 2 51+ 4 0.96 4+ 0.03
Nonspecific inflammation B - 66 + 16 -
+ standard error
* p{0.005
Table 4. Branching of the crypts of transitional mucosa in various colonic diseases

istological No. of De of
i o2 Do Remar
Adenocarcinoma 66 + — o+ - in 4/66
Cloacogenic carcinoma 2 + 4+
Squamous cell carcinoma 6 -
Metastatic carcinoma 4 + focal
Leiomyosarcoma 2 -
Malignant lymphoma 2 -
Lymphoid hyperplasia 1 -
Tuberculosis 1 -
Nonspecific inflammation 8 - ++ in 1/8

I
r=]
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(¢) Branching of the crypts

Although variable in degree, branching of the crypts
was found in most of primary adenocarcinoma and
cloacogenic carcinoma, At transitional mucosa the crypts
frequently branched into one, two or occasionally more
tributaries (Table 4). This type of crypt change was also
found in metastatic carcinoma and in some nonspecific in-
flammatory diseases, but was focal and mild.

(d) Changes of the number of goblet cells

The total number of-cells lining the crypts of transi-
tional mucosa increased, but cytological atypia and
pseudostratification were found in only a few cases,
especially at the mucosa very closely approximate to the
tumor. Rather universal cellular change of the transitional
mucesa happened to the goblet cells. In cases of primary
adenocarcinomas the goblet cell number of transitional
and control mucosa was counted.

In control mucosa, the appearance of goblet cells at the
deeper parts of the crypts was quite different from that of
the upper parts. Those of the deeper third had basal oval
nuclei and only a very small spherical collection of mucin
in the apical parts of the cytoplasms. At about the mid third
of the crypts, the mucin content of the cells increased
markedly and they assumed the classical goblet forms,
although the number of goblets tended to decrease.
Nearer the opening of the crypts the goblets became fur-
ther reduced in number, and in the surface epithelium
they were very few. The goblet cell distribution of the
transitional mucosa was roughly similar to that seen in the
control mucosa. The size of goblet cells, however, seemed
taller, and when compared with the control mucosa, more
numerous goblets were found at mid portion of the crypts.
The average number of goblet cells of the crypt was 21.2
per 100 u crypt in the transitional mucosa, which was
comparable with that of control mucosa (14.9/100 u). The

Table 5. Changes of the number of goblet cells in adenocarcinoma (goblet cells per 100 u crypt)

increase of goblet cell number was proved significant by
the t-test (p ¢ 0.005) (Table 5). The difference in number
of goblet cells between mucosa of the left and the right
colon was not statistically significant. The goblet cell
number tended to increase accompanied by the widening
rather than the deepending of the crypt.

2 Histochemical changes of the transitional mucosa

There were two main types of mucosubstances in the
goblet cells along the crypt, the sulfomucin and the
sialomucin. Their histochemical characteristics could be
briefly summarized as follows.

Sulfomucin stained purple to violet with aldehyde
fuchsin-alcian blue (pH 2.5), and deep brown with high
iron diamine-alcian blue (pH 2.5). Nonsulfated acid
mucopolysaccharide (sialomucin) had an affinity to alcian
blue at pH 2.5.

In the control mucosa the goblets of the lower two
thirds of crypt contained mainly sulfomucins, whereas in
the upper crypt and surface epithelium, sialomucins might
be present.

The mucus pattern found in the mucosa adjacent to
primary adenocarcinoma and cloacogenic carcinoma of
the large intestine was distinctly differ from that of con-
trol mucosa (Table 6). There was a decrease of
sulfomucins with a corresponding increase of sialomucins
in about 70% of the cases., The decrease of sulfomucin in
transitional mucosa was nearly complete in some cases,
leaving only a few crypts which were lined by goblet cells
still containg sulfomucin. The pattern desenbed was
roughly similar in the transitional mucosa of carcinomas
arising at the left and the right colon.

In large bowel diseases other than primary adenocar-
cinoma and cleacogenic carcinoma, transitional mucosa
showed no conspicuous histochemical alterations of

mucin.

Control

Transitional

Location Na. of TM/ICM
of tumaor cases mucosa mucosa

Left colon 60 145+ 0.6 204 +0.7 1.41+0.08
Right colon 16 16.1+1.6 239+1.1 1.48 +0.10
Total 66 149406 212406 1.42 4+ 0.08*
+ standard error, * p{0.005
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Fig. 1. Normal rectal mucosa stained deep blue by high  Fig. 2. Transitional mucosa of an adenocarcinoma. High

iron diamine-alcian blue (pH 2.5) to show iron diamine-alcian blue (pH 2.5) to show
predominance of sulfomuocin in goblet cells. basophilia with alcian blue due to sialomucin.
{» 100) , (= 40)

Fig. 3. Normal rectal mucosa showing predominant Fig. 4. Transitional mucosa of a cloacogenic carcinoma
sulfomucin stained purple to violet by aldehyde showing basophilia by aldehyde fuchsin-alcian
fuchsin-alcian blue (pH 2.5) method. (x 100) blue (pH 2.5) due to sialomucin. Note the increas-

ed number of goblet cells in elongated and bran-
ching crypts. (x 100)
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