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ABSTRACT

Foci of aberrant crypts (ACF) have been observed on the unsectioned,
mÃ©thylÃ¨neblue-stained mucosa! surface of the human colon. Experimental

evidence and the histolÃ³gica! features of the lesions suggest that they might
be early events in colon cancer development. The main objective of the
present study was to evaluate cell kinetic properties of ACF in the human
colon. Five samples of colon mucosa were collected immediately after
operation following the administration of 500 mg of 5'-bromo-2'-deoxy-

uridine prior to surgery. ACF were then identified on the fixed, unsec
tioned, mÃ©thylÃ¨neblue-stained mucosa! surface under a light microscope.
Some specimens containing ACF*were serially sectioned perpendicular to

the luminal surface of the intestine, along with specimens of normal-
appearing mucosa. Several sections were prepared for the immunohis-
tochemical identification of 5'-bromo-2'-deoxyuridine-incorporating cells

(in the S phase of the cell cycle). The results of this study demonstrated
that aberrant crypts have more cells per crypt than normal glands. Total
labeling index and labeling index values in each of the five longitudinal
compartments in which each crypt was divided showed an increased total
proliferative activity in all ACF examined, although limited to the lower
crypt compartments in almost all aberrant crypts evaluated. These find
ings are in keeping with previous cell kinetic studies and observations in
experimental animals and provide evidence of the involvement of human
aberrant crypts in the stepwise process leading from normal mucosa to
colon cancer.

INTRODUCTION

Clusters of abnormal glands, referred to as ACF,4 have recently

been identified on the fixed, unsectioned, mÃ©thylÃ¨neblue-stained

mucosal surface of rodents 2 or more weeks after exposure to colon
carcinogens (1). Several lines of evidence suggest that ACF are in
volved in the stepwise development of chemically induced colon
cancer (2-5). In addition, the induction and/or growth of ACF have

been used as methods for testing the effects of dietary components on
experimental colon tumorigenesis (6-8) with the aim of detecting

colon carcinogens (9). Following these experimental observations,
foci that closely resemble those of rodents have also been observed
and quantificated on the mucosal surface of the human colon (10, 11).
Many of these crypts sectioned parallel to the mucosal surface showed
histolÃ³gica! features of microadenoma, i.e., microscopic focus of dys-
plasia, suggesting their involvement as an early step in human colo-

rectal cancer development.
Epithelial cell kinetic alterations occur as early premorphological

events in human normal-appearing colorcctal mucosa (12). In partic

ular overall hyperproliferation and expansion toward the intestinal
lumen of the normal proliferative compartment in the colonie crypts
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(the so-called "high crypt region") are frequently observed in normal

flat mucosa of subjects with or at risk for tumors of the large intestine
(13-19). Thus, the kinetic evaluation of the colonie mucosa has been

proposed as an intermediate end point for colon cancer prevention
studies (20).

Although well known on histolÃ³gica! grounds, to our knowledge
cell replication has not yet been investigated in ACF; therefore the
main purpose of the present study was to evaluate the cell kinetic-

profile of aberrant crypts as compared to normal crypts in the human
colonie mucosa of patients operated on for colorectal cancer after in
vivo administration of bromodeoxyuridine, a thymidine analogue
which is incorporated into S-phase cycling cells. We have identified

cell kinetic alterations in aberrant crypts of potential relevance in
human colon carcinogenesis.

MATERIALS AND METHODS

Patients. As part of a larger study in which cell kinetics was investigated
in colonie tumors (21). 5 patients with colorectal cancer (3 men, 2 women; age
range. 50-81 years) were given 500 mg i.v. of BrdUrd (Sigma Chemical Co.,

St. Louis. MO.; sterilized by filtration) dissolved in l(K) ml of isotonic solution
before surgery. Time elapsed between the beginning of BrdUrd infusion and
binding of main large bowel vessels during operation ranged from 2 h and 45
min to 5 h and 30 min. In the 5 investigated patients, 6 tumors were found. One
patient had 2 synchronous colon cancers (in the hepatic flexure and sigmoid
colon). In the other subjects, 1 tumor was located in the sigmoid colon and 3
in the rectum. Immediately after operation an area of normal mucosa IO or
more cm apart from the tumor was excised and fixed in ethanol 70Â°Cfor at

least 24 h. These samples of normal mucosa were always collected in the left
colon (i.e., distal from the splenic flexure).

For each colon several approximately 1-cm- samples of mucosa were pre

pared after removing the underlying layers of the large bowel wall with
scissors. Samples were then dipped in 0.2% mÃ©thylÃ¨neblue in isotonic solution
for 10 min, placed on a glass slide with the mucosal side up, and observed
under a light microscope at a magnification of X 25-40. The area of each

mucosal sample was measured; when an aberrant crypt focus was identified,
the number of crypts was counted, the pattern of the luminal outline of the
aberrant crypts was recorded (22), and when possible, the focus was excised
along with some normal surrounding crypts. Some specimens of normal mu
cosa containing no ACF were also taken for each colon, except for colon 1. The
protocol of the study was approved by the Ethical Committee of the University
of Modena, and each patient was informed of the aim of the investigation. No
BrdUrd-rclated side effect was observed either during or after the administra

tion of the compound.
Immunohistochemistry. A total of 13 specimens containing ACF and 10

containing only normal mucosa were embedded in paraffin and serial 4-/xm

sections were cut perpendicular to the mucosal surface. Only sections from the
central parts of the specimen containing ACF were suitable for the analysis,
because they usually included full-length, well-oriented aberrant crypts. Some

of these sections were stained with hematoxvlin and eosin in order to choose
the best slides for the immunohistochemical identification of BrdUrd-incorpo-
rating cells using anti-BrdUrd monoclonal antibodies (Dakopatts. Glostrup.
Denmark) (23) and an avidin-biotin complex (Vcctastain ABC kit PK-4002;

Vector, Burlingame, CA) (21, 24). Aberrant and normal crypts were scored for
the following parameters: (a) total number of epithelial cells lining each side
of the crypt (hemicrypt); (h) total LI. i.e., percentage ratio of BrdUrd-labeled

cells to total cells in each hemicrypt; (c) labeling index in each of 5 longitu
dinal compartments in which hemicrypts were divided, from the base (extend
ing from the muscularis mucosa, compartment I) to the surface (compartment
5). The latter analysis was carried out in order to evaluate the distribution of the
proliferalive cells along the longitudinal axis of the crypt.
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Statistical Methods. The average number of cells per hemicrypt and over
all LI in aberrant and normal crypts were compared between groups using
Student's ( tests for unpaired data. Since average Lis in the 4th and 5th

compartments were not normally distributed in all 5 cases. Mann-Whitney U

tests were preferred when comparing Lis per crypt compartment between
aberrant and normal crypts. The null hypothesis was refused when the prob
ability of a difference by chance was less than 5%.

RESULTS

Aberrant crypts were identified on the mucosal surface because
they were darker, larger, and slightly elevated as compared with
normal surrounding crypts (11). The absolute numbers of ACF ob
served and examined in each colon using BrdUrd Â¡mmunostaining are
shown in Table 1. In each colon at least one focus of aberrant crypt
was observed, although the area of normal mucosa examined was
rather small (Table 1, Column 2). The relative frequency of ACF
ranged from 0.3 to 1.I/cm2 (Table 1, Column 3). A total of 13 ACF of

25 were examined for the identification of BrdUrd-labeled cells (Table

1, Column 4). The number of ACF studied was rather small: however,
the results obtained were sufficiently homogeneous to exclude further
investigation. At topology all aberrant crypts showed serrated or round
lumens (22), and the histological examination revealed features of
hyperplasia in all of them. At histology the mucosa containing aber
rant epithelium was usually thicker than normal and the muscularis
mucosa layer was frequently pulled toward the lumen of the intestine
(Fig. 1). Thus a slight elevation of the whole lesion was evident on the
mucosal surface at topology. Furthermore, in longitudinal sections an
enlargement of the mouth of aberrant crypt was often present (Fig. 2).
This was another feature which allowed the identification of aberrant
crypts at topology. The number of cells per hemicrypt and overall LI
were not significantly different in normal crypts surrounding ACF and
in normal crypts distant from ACF (data not shown); thus, in colon 1,
we considered normal control crypts those surrounding ACF. In the
other colons, normal crypts were on separate mucosal specimens.
Table 2 shows the average number of cells per hemicrypt in normal

Table 1 Number and [requencv of ACF in each colon examined

Colon
No. of
ACF

Area of mucosa
examined

(cm2)
No. of

ACF/cm2

No. of ACF
evaluated with

BrdUrd

13.19
7.39
5.30
7.36
6.52

0.53
0.27
1.13
0.81
0.61

,.
Fig. 1. Example of a focus of aberrant crypts from colon 1 sectioned perpendicular to

the luminal surface. The muscularis mucosa below aberrant crypts is pulled toward the
lumen. Hematoxylin. X 25.

Fig. 2. Examples of aberrant crypts in a focus from colon 1 sectioned perpendicular to
the muscularis mucosa. BrdUrd-labeled cells are evident, especially in lower portions of
the crypts. The mouth of aberran! crypts often widens, allowing their identification at
topology. Hemaloxylin, X 200.

Table 2 Number of hi'mitrypls unti {Â¡ventrenumber of cells per licrnicryftl in normal

(NC) ami aberrant crypts (AC) of each ctilon examined

Hemicrpyts scored
Av. no. of

cells/hemicrypt (SEM)

Colon12345NC84241069664AC10636706494NC63.52(0.80)62.58(1.08)69.25(0.90)60.03(1.05)77.17(1.13)AC77.65-(1.24)79.78"(1.17)97.38"(1.38)79.41"(1.28)86.09"(0.95)

" P < 0.001 versus normal erypls.

and aberrant crypts. In all 5 cases the average number of cells/
hemicrypt was significantly higher in aberrant than in normal crypts.

Overall LI was higher in aberrant than in normal crypts in each of
the 5 cases examined (Fig. 3). LI values in the 5 crypt compartments
in each case are shown in Fig. 4. A significant increase in labeling was
observed in the lower compartments of aberrant crypts compared to
normal crypts, with the exception of colon 2, where the sample size
was probably too small to give any significant result (i.e., type 2
statistical error). On the other hand, apart from colons 1 and 4 where
differences were in opposite directions, Lis in the 4th and 5th crypt
compartments were similar in aberrant and normal crypts, suggesting
no further expansion of the proliferative zone in aberrant crypts.

DISCUSSION

The present study investigated the kinetic pattern of human aberrant
crypts in patients with colorectal cancer after in vivo administration of
bromodeoxyuridine. This is a nonradioactive thymidine analogue
which is incorporated into DNA of cells during the S phase of the
replicative cycle. In the colonie mucosa labeled cells arc normally
limited to the lower three-fifths of the crypt.

The main finding of the present study is the demonstration of the
presence of a hyperproliferative epithelium in human colonie aberrant
crypts in patients with colorectal cancer, but no appreciable expansion
of the proliferative zone to the upper portions of the crypt.

Cell kinetics alterations have been reported in the normal colonie
mucosa of patients with colorectal tumors, using autoradiographic
(13, 16-18) or immunohistochemical (25) techniques. In these sub
jects two different cytokinetic abnormalities were observed: (a) hy-

perproliferation of cells lining the crypts (reflected in an increased
3727
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Fig. 3. Overall labeling index in normal (NC) and aberrant crypls (AC) in the 5 cases
examined. Each column represents the average value of labeling obtained from the total
number of normal and aberrant crypts reported for each colon in Table 2, Columns I
and 2.

total labeling index); and (b) expansion and/or shift of the prolifera-

tive compartment of crypts toward the surface epithelium of the in
testine. In the aberrant crypts examined in the present study the total
labeling index was higher than that of histologically normal crypts in
all 5 patients with colorectal cancer. However, the expansion of the

proliferative zone toward the upper portions of the crypt was partly
observed only in aberrant crypts of colon 1 (Fig. 4/4). A possible rea
son of this lack of expansion of the proliferative compartment in ab
errant as compared with normal crypts is that BrdUrd, provided via
blood vessels, could easily reach the base of the crypt, but its con
centration could be rather low in the upper portions. However, this
seems improbable because some DNA-synthesizing cells were ob

served also in the upper compartments of both aberrant and normal
crypts, as has been reported previously in patients with colonie tu
mors (12, 16, 18, 25). Since the expansion of the proliferative zone
was already present in some normal crypts of the investigated pa
tients, a further expansion would have been difficult to demonstrate
in aberrant crypts. Set in other words normal crypts of colon cancer
patients were not the best "control" group.

In animal models McLellan has shown that aberrant crypts sec
tioned parallel to the mucosal surface contain more cells per crypt and
have a higher labeling index as compared with normal crypts. How
ever, she failed to demonstrate any expansion or upward shift of the
proliferative compartment toward the high crypt region of the gland.
In fact the labeling index per crypt section was significantly higher
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Fig. 4. Labeling index values per crypt compartment from the base (compartment 1) to the top (compartment 5) of normal (NC) and aberrant crypts (AC) in each of the 5 cases
examined. A, colon 1; B, colon 2; C. colon 3; D. colon 4; E, colon 5.
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only in the bottom third of aberrant crypts than of normal surrounding
crypts (26). In humans with colon cancer the proliferative character
istics of aberrant crypts were rather similar.

In conclusion, taken together these observations showed an in
creased overall proliferation in aberrant crypts. This enhanced cell
production rate supports the contention that these glands are precursor
lesions in the stepwise process leading from normal mucosa to colon
cancer (27). Moreover it is worth noting that ACF had a higher
number of branching figures than normal crypts (Fig. 5). Putative
carcinogens coming through blood vessels might reach cells at the
base of the crypt and produce a wave of increased cell proliferation.
As a result crypts arc stimulated to divide at a higher rate than occurs
in normal crypts (28), giving rise to an adenoma when some key genes
become mutated in epithelial cells. Indeed, recently well-defined ge

netic alterations underlying colon cancer development have been re
ported (29). In particular some of them have been observed at the early
stages of this process. For example the inactivation of the adenoma-

tous polyposis coli gene on the long arm of chromosome 5 may cause
uncontrolled colonie cell proliferation (30). Furthermore, DNA hy-
pomethylation and ras gene mutations seem to be linked with ade-
nomatous growth (30-32). These alterations might be present also in
aberrant crypts. As a matter of fact K-ra.v point mutations in codon 12
have been observed in about one-third of aberrant crypts in rats (33),

giving more strength to the hypothesis that they arc preneoplastic
lesions in rodents. Future research should deal with this topic in
humans with the aim of providing more insight into the natural history
of aberrant crypts.
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