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Patterns of Proliferative Changes in Crypts Bordering Colonic Tumors:
Zonal Histology and Cell Cycle Marker Expression
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Proliferative crypt changes have been noted in ing (p<0.005). Weak expression of p53 only appeared
mucosa bordering colonic carcinomas, but their bio- in rare cells. Crypt elongation with mucosal thickenlogical significance is disputed. We anticipated that ing (1.9x normal, p<0.001) in the Proximate and Midzonal patterning of histological changes and cell dle zones distinguished carcinomas from border
cycle marker expression would provide clues to the changes in all benign lesions, except flat adenomas.
pathogenesis of these border changes. 81 specimens Since this change occurs in all cases of carcinoma,
were examined including carcinomas, adenomatours there is no correlation with tumor stage or grade.
polyps, adenomas with early carcinoma, flat adeno- Also in carcinomas, elaborate complexes of attached
mas and aberrant crypt foci. The spatial distribution crypts (connected crypt structures) were characteristic
and frequency of micro-architectural features, and of the Middle zone, so that proximate zone was
mucosal thickness were determined in a border always architecturally simpler. We conclude, that
domain of 150–300 sequential crypts/specimen. despite continuous carcinoma growth, the invaded
Immunocytochemical expression of Ki67 and p53 border mucosa maintains a prototypical zonal orgaantigens in crypts also was semi-quantitatively nization of molecular and histological crypt changes.
examined. We found that in 100% of carcinomas two This spatially organized reaction pattern is likely to
histologically abnormal zones (Proximate and Mid- reflect an interplay between regulated growth and
dle) separated tumor from normal mucosa. Differ- destructive processes in response to advancing carciences in the feature frequency between zones were noma. Compared to the edges of benign colonic
statistically significant (p<0.05). Both zones showed tumors, the edges of carcinomas are distinctive and
mild increases in crypt cell expression of Ki67, with a consistent enough to be diagnostically useful. (Pathostatistically significant relationship to zonal pattern- logy Oncology Research Vol 5, No 4, 297– 303, 1999)
Keywords: colorectal carcinoma, colonic polyps, aberrant crypt foci, crypt replication cycles

Introduction
The progressive invasion by colorectal carcinoma of its
bordering mucosa produces a laterally advancing wave of
crypt destruction and reaction. Indications of abnormal
crypt proliferation in this edge mucosa have been noted
both histologically and immunocytochemically, but there
is still no consensus regarding the biological interpretations of these changes. Aside from a remnant of the precursor lesion,1,2 they could presage independent growth
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potential indicative of early neoplastic events3-8 due to
oncogenic mutations.9 Alternatively, these changes may
merely represent regulated, growth responses to the progressively advancing tumor.10-13 The latter could be mediated by a number of factors including mechanical, vascular,12 inflammatory11 and humoral processes.13
Our approach to this problem was twofold. First, to
examine the edge mucosa for zonal patterning of both histologic and molecular proliferative features. Second, to
compare these changes to benign mucosal tumors, representing a possible progressive sequence leading to malignancy,13 such as adenomatous polyps and aberrant crypt
foci. The latter are putative pre-neoplastic lesions that
often result in small elevations of the mucosa focally.14-18
The rationale for this design is that zonal patterning often
provides an indication of the pathogenetic sequence
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involved in pathological changes. A further implication of
highly consistent zonal patterning across cases is that the
proliferative changes would be unlikely to reflect oncogenic mutations, which are rare events.19 A comparison of
benign lesions was expected to highlight features unique
to carcinomas, and perhaps detect the stages in the progression towards carcinoma when the changes appear.
In examining the molecular manifestations of altered
proliferation we used Ki67, an antigen expressed in nuclei
during all phases of the cell cycle except G0, and is a widely used marker for proliferating cells.20 In normal crypts the
proliferating cell population is topologically restricted to
the lower third of the crypt long axis.21,22 Neoplasia is often
reflected in loss of this topological organization with diffuse expression, accompanied by a substantially increased
frequency of proliferating cells.4,20 In colonic carcinomas,
p53 is often mutated leading to readily detectable intracellular accumulation.21 It may also be up-regulated in normal
tissues following local DNA damage.21

Among the controls, one was a case of intra-abdominal fat
necrosis following abdominal trauma in a 40 year old,
while the other two were remote margins in a carcinoma
resection.
For the zonal examinations, one block from each specimen was used which included the lesion in continuity with
adjacent mucosa. The criteria for selection of a block were
as follows: mostly perpendicular orientation of crypts bordering the lesion; viable tumor adjacent to border crypts;
identifiable tumor-mucosal interface, i.e. the beginning of
an uninterrupted series of crypts extending away from the
tumor. All carcinoma edge blocks included approximately
0.5 cm of adjacent mucosa, containing at least 150 crypts;
usually over 300.
Fresh tissue is routinely fixed in 10% buffered formalin,
embedded in paraffin, cut at 5µ and stained with hematoxylin and eosin.

Materials and Methods

Mouse anti-human monoclonal antibodies (IgG1) against
Ki67 (clone MIB1, Zymed Laboratories, So. San Francisco,
CA was utilized undiluted, according to suppliers recommendations. Following antigen retrieval,32 slides were incubated for one hour at room temperature with the primary
antibody. A mouse anti-human antibody to cellular phosphoprotein p53 (Zymed) was also utilized. Detection utilized
an ABC system according to suppliers instructions (Zymed),
with AEC as the chromogen, and Mayer’s hematoxylin as
counterstain. An irrelevant antibody of the same isotype
served as a negative control, and intrinsic tissue elements,
e.g. tumor and lymphoid aggregates, were the positive controls. Replications of several lesions gave consistent results.

Tissue samples
Eighty one specimens were obtained from archival
blocks or fixed gross specimens of the Department of
Pathology, Hasharon Hospital, Rabin Medical CenterGolda Campus, Petach Tikvah, Israel. They were selected
based on the microscopic suitability for zonal analysis, as
described below. The material included adenocarcinomas
(35), adenomatous polyps (20), aberrant crypt foci, ACF
(15), polyps with minimally invasive carcinoma (3), flat
adenomas (5), and controls without a lesion (3). Patients
with carcinoma represented both sexes, aged 51 to 84, and
had flat, exo- and endophytic lesions from all regions of
the colon. Representative tumors from all histopathological grades and clinical stages Duke’s B–D were esamined.
Remote metastases were identified with radioisotopic
imaging performed on all patients. Polyps were tubular,
villous or mixed adenomas, and represented a range of
dysplastic changes from mild to severe. The examples
with focally invasive (early) carcinoma, contained small
zones extending into the stalk, submucosa or muscularis
propria, but not involving the lateral margins. Flat adenomas were non-polypoid zones of tubular-type (adenomatous) glandular elements with moderate to severe dysplasia, focally extending through the depth of the mucosa
and laterally through the superficial depth compartment;
one case was focally invasive. The ACF were sampled
from archived formalin fixed gross resection specimens.
They were identified by methylene blue staining of the
unembedded mucosal surface, and marked with India ink
under the microscope to enable blocking;27 four ACF
were incidental findings in blocks of resection margins.
Both dysplastic and non-dysplastic ACF were examined.

Immunocytochemistry

Examination
The border mucosa, as defined above, was examined
microscopically for zonal patterns of crypt changes. All
slides were scored for the presence or absence of the histological changes noted in Table 1, and their zonal distribution. In addition, crypts were scored for the presence, and
degree of dysplasia, based on previously established criteria.33 Using a 14 x 14 ocular grid, calibrated with a Zeiss
stage micrometer, the thickness of the proximate zone and
distant zones were measured at points of approximate vertical sectioning of the mucosa in 10 cases.
Immunocytochemical preparations of carcinomas stained
for Ki67 were examined in two ways. In the first, for each
case, all histological zones were globally rated for the presence or absence (+/-) of “expanded topology” of immunoreactive cells. In normal mucosa, it is extremely uncommon
for more than a rare Ki67 immunoreactive cell to occur within the superficial half of the mucosa, and crypts normally
contain very few (<10%) immunoreactive cells. Internal
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controls were provided by the
Table 1. Zonal histological changes in border crypts of colonic tumors
distant zone, and external con% Cases Showing Change
trols derived from mucosa
remote from tumor or from
APa
ACFa
MIAa
CTL
Zone Histology
CRCa
patients without known tumor.
(20)
(15)
(8)
(3)
(35b)
For the second method, 10 well
Long curved crypts
77*
0
0
88*
–
Pa
stained cases were randomly
CCS
23*
100
66
100
–
selected. For this group freMucosal
atrophy
0*
45
0
13
–
quency of immunoreactive
23
0
0
0
–
Mild dysplasiac
cells was scored in each of
a
a
Elongated
CCS
100*
–
–
–
M
three depth compartments for
Da
NL/occasional
CCS
73
100
60
100
100
each zone. A scale of 1+ to 3+
was used, standardized as fola – CRC – colorectal carcinoma, AP – adenomatous (tubular or villous) polyp; ACF –
lows: 1+, <10%; 2+, 20–40%;
aberrant crypt foci; MIA – minimally invasive or infiltrative adenomas (flat and poly3+>50%. Approximately 20
poid); CCS – complex crypt structures; P – proximate zone; M – middle zone; D – distant
zone; NL – normal; CTL – control.
consecutive proximate crypts
b – ( ) = total number of samples; c – mild in all cases; * – statistically significant differper zone were scored, except
ence compared to same feature in AP, Chi-square, p<0.05.
for the zone immediately adjacent to tumor, which often contained fewer crypts. Because of minimal expression, p53 erally or inferiorly. This zone was also recognizable because
antigen was qualitatively assessed in relation to zones and the tumor had destroyed the muscularis mucosa in most
instances. Zone P crypts were elongated, usually nondepth compartments.
branched, and arranged as oval profiles (Figure 3). The
mucosa in zone P was thickened and measured 1356 ± 208
Statistical analysis
µ, compared to 716 ± 112 µ in the distant zone (p<.001,
The Chi-square test was used to examine the following Mann–Whitney U test, n1n2 = 10). Qualitatively, the areal
data sets from carcinomas for statistical significance: the density of crypts was lower than in more lateral mucosa.
frequency of expanded topology versus the four immunoThe next more lateral area was the middle zone (M), and
cytochemically defined zones (DF=3); the frequency of in all cases was the most distinctive. It featured thickened
expanded topology for each pair of zones (DF=1). The mucosa due to elongated, crowded crypts that often formed
results of the semi-quantitative analysis of the frequency of elaborate complexes of interconnected crypts, referred to
stained cells (n 1n2 = 10) were examined with the non-para- hereafter as connected crypt structures or CCSs. Frequentmetric Mann-Whitney U test with regard to zonal differ- ly, the epithelium showed mild hyperplasia, and a marked
ences for Ki67, and depth compartmental differences/zone. increase in goblet cells superficially (Figures 2, 4,5). The
Comparison of mucosal thickness between zones also utiTable 2. Frequency of expanded topology for Ki67 in carlized the U test.
cinoma per Zonea

Results
Zonally distributed histological alterations characterized
the crypts bordering each type of lesion. Although certain
crypt changes appeared in all lesion types, distinguishing
features also were observed (Table 1). Enhanced Ki67
immunocytochemical expression, in the crypt long axis, was
zonally patterned in carcinomas as well (Tables 2,3). For carcinomas, the principal changes were universally observed,
and consequently were independent of tumor grade or stage.
Histological Findings
Carcinoma – The mucosa at the lateral margin of carcinomas could be divided into three zones (Table 1, Figures 1,2)
based on histological features. The most proximate zone (P),
was defined as crypts in direct contact with tumor either latVol 5, No 4, 1999

Zone

P
Mp
Md
D

%Cases

94
87
73
11

Statistical Analysis

Zone Pb

Zone Mp

Zone Md

Zone D

–
ns
ns
<0.001

ns
–
ns
<0.001

ns
ns
–
<0.001

<0.001c
<0.001
<0.001
–

a – Percent of cases showing expanded topology of Ki67
expression above the normal basal compartment for each
zone. Statistical comparisons of each pair of zones is given in
the four rightmost rows. Each statistical data cell represents
the significance of one pair of zones defined by its x-axis and
y-axis labels. Chi-square, DF=1, n=18.
b – P-proximate to tumor; Mp- middle zone, proximate portion; Md-middle zone, distant portion; D-distant zone;
c – p value: statistically significant; ns, differences were
non-significant.
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Table 3. Frequency of Ki67 stained cells as a function
of depth and Zonea
Depth
Compartment
Upper
Mid
Lower

Zone Pb
0.4 ± 0.5
1.6 ± 0.7
2.8 ± 0.8cd

Zone M
0
0.8 ± 0.8
1.6 ± 0.4c

Zone D
0
0.4 ± 0.5
1.3 ± 0.5d

a – To analyze frequency of stained cells in relation to crypt
topology, each depth compartment was semi-quantitatively
assessed as a function of zone. A sample of 10 well stained
cases were utilized, using a +1 to +3 scale (see Methods).
b – P-proximate to tumor; M- middle zone, proximate portion; D-distant zone; c – P/L vs. M/L, Mann-Whitney U-test,
1-tailed, non-significant, p>.1; d – P/L vs. D/L, p<.01

remote portion of this zone exhibited a gradual transition to
the distant zone, D. The latter was characterized by mucosa
of normal thickness, with only an isolated CCS. In 27% of
cases, no Zone D was noted, in some instances even after
250–300 crypts from the tumor’s edge. Only zone P exhibited an occasional crypt with mucin depletion and nuclear
atypia consistent with mild dysplasia (Table 1).
Adenomatous polyps – Only two centrifugal zones were
present (Table 1). The abnormal proximate zone – which had
an intact muscularis mucosa – featured non-elongated CCSs
in all specimens. The abnormal zone usually consisted of
less than 25 crypts, as compared to carcinomas. In 45%, the
adjacent mucosa was flattened and somewhat atrophic.
Aberrant crypt foci – The periphery of these small (<1.0
cm), slightly elevated mucosal lesions was characterized
by two patterns (Table 1): CCS-rich mucosa (66%), and
relatively normal morphology (60%). However, ACF differed from polyps because the majority of lesions (73%)
exhibited only one of these morphological patterns. In this
monophasic group 88% were non-dysplastic.
Flat adenomas and early carcinoma – These include 3
polyps with focally invasive (early) carcinoma and 5 flat
adenomas; the latter exhibited moderate/severe dysplasia
to focal (early) invasion. The malignant phases of these
lesions did not extend to the tumor border. They are
grouped together because of similar effects on the edge
mucosa. Despite structural similarities to benign adenomatous polyps and ACF, respectively, the zonal changes
were more similar to carcinomas then the latter lesions. In
particular, the proximate zone mucosa was thickened with
substantial crypt elongation in 88% of this group, similar
to changes in zone M of carcinomas.
Immunocytochemical findings
Mild alterations in nuclear Ki67 expression occurred
within crypts (vertical dimension) and between crypts
(horizontal dimension). Only a rare crypt cell in Zone M

expressed nuclear p53, so this marker was not further
analyzed.
To capture these trends, two independent analyses of
patterned Ki67 immunoreactivity were undertaken, as
detailed in Methods. In the assessment of expanded topology each zone/case was scored for presence or absence of
this change (Table 2). Since qualitatively, there was an
impression that a preferential increase in frequency of
stained cells was occurring in zone P, 10 cases were randomly selected for a second type of analysis. For that, frequency of stained crypt cells was semi-quantitatively analyzed in relation to each depth compartment as a function
of zone (Table 3).
In zones P and M bordering carcinomas, mild to moderate expansion of the topological distribution of stained
cells – towards the surface – occurred in almost all cases
(Table 2). Zone M was divided into a proximate and distant part for this analysis.

D

P
M

Figure 1. Panoramic view of the zonal organization at the edge
of a carcinoma. Individual features of the zones are seen at higher magnification in other photographs. The proximate zone (P),
is seen at the bottom left (cf. Figure 2,3). Area in bottom right,
middle zone (M), shows crypt lengthening, increased complexity and density of crypts with connected crypt structures (cf. Figure 4,5). Transition between middle and distant zones, D, is seen
in top strip, where the mucosa is of normal thickness and several straight crypts can be observed adjacent to “D”. H&E, x28.
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Staining in the proximate zone of carcinoma was significantly more frequent than in the distant zone (Chi-square,
p<0.005). No significant difference in expression was seen
between zone P and M for Ki67. The semi-quantitative
analysis of frequency as a function of depth compartment
showed statistically comparable results (Table 3). However, there was a non-significant trend for zone P to exhibit
increased frequency of stained cells and expanded topology in both modes of analysis.
For comparison we also examined 5 cases of adenoma
peripheries (not shown in Table 2). Just as the histological
changes were milder than that in carcinoma, so too was
the extent of immunocytochemical expression. In 60% of
proximate zones, Ki67 was mildly upregulated (vs. 94%
in carcinoma).
Figure 2. Proximate and middle zones to carcinoma. The middle zone, left, is characterized by markedly increased complexity and density of crypt architecture with connected crypt structures. The proximate zone, right contains fewer crypt profiles,
which are elongated, and tortuously bent as evidenced by the
series of linear, disconnected crypt profiles. H&E, x33.

T
Figure 3. Proximate zone to carcinoma, stained for nuclear
Ki67. An increase in immunoreactive nuclei is seen which is
restricted to the basal and middle depth compartments. Tumor
(T) is at lower right. Mayer’s hematoxylin, x160.
Vol 5, No 4, 1999

Discussion
In this paper we document a consistent pattern of spatially ordered changes among crypts at the edge of colorectal
carcinomas. This finding has two main implications, namely, pathogenesis and relationship to early neoplasia.
Previous investigations of immunocytochemical and histological changes in mucosa bordering a carcinoma, allow
for a range of interpretations. Increased expression of proliferative cell markers and cytological atypia would be consistent with independent growth potential indicative of
early neoplastic events.3-8 The latter could reflect oncogenic mutations in bordering crypts.9 Alternatively, these
changes may merely represent regulated, growth responses
to the progressively advancing tumor.10-13
One of the differences between malignant tumors, even
of the same type, is their rate of growth into surrounding
tissues.20 Nevertheless, as the edge is remodeled by tumor
invasion, zonal spatial relationships persist, as seen in
almost all tumors in our series. There are several possibilities for maintaining this patterning, suggested by our data.
In general terms, our findings can be accounted for by the
concurrent activity of three pathogenetic processes involving crypts: trophic growth effects, destructive effects, and
impaired crypt duplication manifested by complexes of
connected crypts, connected crypt structures (CCSs).16
In carcinomas, crypts in the two adjacent zones always
exhibited crypt elongation, associated with substantial
mucosal thickening. The effect was not seen in borders of
adenomatous polyps or ACF. Ki67 expression was also
mildly augmented in the same territory. Consequently, this
phenomenon could reflect a trophic influence of the carcinoma.13 Although we are not aware of a specific trophic
factor with this effect, crypt epithelial maturation is normally under humoral control,25 and adenocarcinomas are
well recognized as aberrant sources of growth factors for
epithelial cells.13 The finding of mucosal thickening with
crypt elongation among early carcinomas and flat adeno-
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and even control mucosa, further supports the reactive
pathogenesis of these changes.
Another likely pathogenetic factor is the destructive
effects attributable to the carcinoma, most keenly manifest
in the immediately adjacent proximate crypts. We found a
lower crypt density there, with fewer connected crypts, but
Ki67 expression statistically comparable to that in the
Middle zone. Since such a picture is only seen in the
region between the tumor and the middle zone, we surmise
that invasion of the middle zone at its boundary with the
tumor produces an evanescent domain that we recognize
histologically as the Proximate zone. The simplification of
crypt architecture in zone P compared to zone M is therefore attributed to loss of crypt elements. Since dysplasia
was never observed in the middle zone, this cytological
alteration probably indicates another cellular reaction to
the destructive intrusion of the neighboring malignancy.
On the other hand, the patterning at the edge is unlikely
to be due to major oncogenic mutational events.9,16 Since
such occurrences are rare,19 we would anticipate a random
distribution of alterations on this basis without consistent
patterning between cases. Instead, the statistically signifi-

Figure 4. Normal expression of nuclear Ki67 in basal compartment of crypts from transition area between middle and distant
zones. This nearly full thickness example shows a connected
crypt structure, formed from crypts incompletely fissioned in
the upper compartment. The star marks a shared wall between
two daughter crypts, where their lumens enter a common cavity; the latter opens onto the mucosal surface at top of picture.
The attachment points between daughter crypt are non-reactive. Mayer’s hematoxylin, x154.

mas would also be consistent with a humoral trophic phenomenon. The latter were structurally quite similar to their
more indolent counterparts, viz. adenomatous polyps and
aberrant crypt foci, which lacked trophic manifestations.
A role for impaired crypt replicative cycling in the formation of CCSs is based on two findings. First, Ki67
expression did not occur at branch points in the superficial
half of the mucosa, i.e. above the normal proliferative
zone.22 This suggests that CCSs are not a true proliferative
budding process. On the other hand, crypts normally
duplicate in a basal-to superficial splitting of a parent crypt
into two daughter crypts,26,27 which is a process distinct
from epithelial renewal.14 In diseases of the colon,10,28 the
crypts may remain attached, apparently as a result of failure of crypt replicative fissioning.16,26 No known oncogenic mutation has been associated with similar changes.29
Our finding of CCSs at the border of non-malignant
lesions such as adenomatous polyps, aberrant crypt foci

Figure 5. Middle zone, near carcinoma (Mp) stained for nuclear
Ki67. Mildly expanded topology of immunoreactive nuclei,
extending throughout basal and mid depth compartments, reaches the superficial compartment of these elongated crypts. Compare Figure 4. Mayer’s hematoxylin, x77.
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cant consistency of these findings across cases suggests
they are not random occurrences, nor do they represent a
simple proximal-distal gradient of change. Although in
situ genetic analysis would be necessary to conclusively
examine this issue, expression of p53 at the border showed
no indication of mutated phenotype in any case, and Ki67
was always topologically restricted. This is in contrast to
carcinomas where Ki67 looses its topological localization,20 and p53 is commonly expressed at high levels.21
We conclude that the typical pattern of morphological and
molecular changes at the tumor’s edge most likely represent
a comples physiological response to the adjacent malignancy, rather than an independent process of neoplastic transformation. These spatially organized reaction patters appear
to reflect an interplay betwen regulatedgrowth and destructive processes in response to adrancing carcinoma. Regardless of pathogenesis, the features of carcinomas’ edge
mucosa are so distinctive that they may be useful diagnostically. A biopsy with these changes alone should raise the
suspicion that a nearby carcinoma was not sampled.
Acknowledgments
The authors thank Hanah Gertzman, and Yossi Sadovnik for technical assistance, and Dr. Jacqueline Sulcus for statistical advice.

References
1.²Eide TJ: Remnants of adenomas in colorectal carcinomas. Cancer 51:1866-1872, 1983.
2.²Muto T, Bussey H, Morson B: The evolution of cancer of the
colon and rectum. Cancer 36:2251-2270, 1975.
3.²Katada N, Hinder RA, Smyrk TC, et al: Apoptosis is inhibited
early in the dysplasia-carcinoma sequence of Barrett esophagus. Arch Surg 132:728-733, 1997.
4.²Bronner MP, Culin C, Reed JC, et al: The bcl-2 proto-oncogene
and the gastrointestinal epithelial tumor progression model. Am
J Pathol 146:20-26, 1995.
5.²Fenoglio C, Lane N: The anatomical precursor of colorectal
carcinoma. Cancer 34:819-827, 1974.
6.²Madara J, Harte P, Deasy J: Evidence for an adenoma-carcinoma sequence in dimethylhydrazine-induced neoplasms of rat
intestinal epithelium. Am J Pathol 110:230-235, 1983.
7.²Shimoda T, Ikegami M, Fujisaki J, et al: Early colorectal carcinoma with special reference to its development de novo. Cancer 64:1138-1146, 1989.
8.²Spratt JS Jr., Ackerman LV: Small primary adenocarcinomas of
the colon and rectum. JAMA 179: 337-346, 1962.
9.²Hamilton SR: The molecular genetics of colorectal neoplasia.
Gastroenterology 105:3-7, 1993.
10.²Saffos RO, Rhatigan RM: Benign (nonpolypoid) mucosal
changes adjacent to carcinomas of the colon. Hum Pathol
8:441-449, 1977.
11.²Dansky-Ullmann C, Salgaller M, Adams S, et al: Synergistic
effects of IL-6 and IFN-gamma on cacinoembryonic antigen

Vol 5, No 4, 1999

303

and HLA expression by human colorectal carcinoma cells: role
for endogenous IFN-beta. Cytokine 7:118-129, 1995.
12.²Brown LF, Berse B, Jackman RW, et al: Expression of vascular
permeability factor (vascular endothelial growth factor) and it
receptors in adenocarcinomas of the gastrointestinal tract. Cancer Res 53:4727-4735, 1993.
13.²Heldin C-H, Westermark B: Autocrine stimulation of growth of
normal and transformed cells.In: Habenicht A, ed. Growth factors, differentiation factors and cytokines. Berlin, GDR:
Springer-Verlag; 1990:267-278.
14.²Bird RP: Observations and quantification of aberrant crypts in
the murine colon treated with a colon carcinogen. Cancer Lett
37:147-151, 1987.
15.²Roncucci L, Stamp D, Medline A, et al: Identification and quantification of aberrant crypt foci and microadenomas in the
human colon. Hum Pathol 22:287-294, 1991.
16.²Kristt D, Kingsley B, Cal R: Colonic aberrant crypts may originate from imparied fisstoning: relevance to increased risk of
neoplasia. Human Pathol 30:1450-1462, 1999.
17.²Pretlow TP, Barrow BJ, Scott, et al: Aberrant crypt foci: Putative preneoplastic foci in human colonic mucosa. Cancer Res
51:1564-1567, 1991.
18.²Shpitz B, Bomstein Y, Mekori Y, et al: Aberrant Crypt foci in
human colons: distribution and histomorphologic characteristics. Hum Pathol 29:469-475, 1998.
19.²Gruber SB, Petersen GM, Kinzler KW, et al: Cancer, crash sites,
and the new genetics of neoplasia. Gastroenterol 116:210-212,
1999.
20.²Dervan PA, Magee HM, Carney DN: Proliferating cell nuclear
antigen counts in formalin-fixed paraffin-embedded tissue correlate with Ki-67 in fresh tissue. Pathology Patterns. Am J Clin
Pathol 97:S21-S25, 1992.
21.²El-Deiry WS, Tokina T, Waldman T, et al: Topological control of
p21WAF1/CIP1 expression in normal and neoplastic tissues. Cancer
Res 55:2910-2919, 1995
22.²Polyak K, Hamilton SR, Vogelstein B, et al: Early alteration of
cell-cycle-regulated gene expression in colorectal neoplasia.
Am J Pathol 149:381-387, 1996
23.²Shi, SR:Antigen retrieval in formalin-fixed, paraffin-embedded
tissues: an enhancement method for immunohistochemical
staining based on microwave oven heating of tissue sections. J
Histochem Cytochem 39:741-743, 1991
24.²Riddel RH, Goldman H, Ransohoff DF, et al: Dysplasia in inflammatory bowel disease: standardized classification with provisional clinical applications. Hum Pathol 14:931-966, 1983.
25.²Wong MH, Stappenbeck TS, Gordon JI: Living and commuting
in intestinal crypts. Gastroenterol 116:208-210, 1999
26.²Cheng H, Bjerknes M, Amar J, et al: Crypt production in normal and diseased human colonic epithelium. Anat Rec 216:4448, 1986.
27.²Park H-S, Goodlad RA, Wright NA: Crypt fission in the small
intestine and colon: a mechanism for the emergence of G6PD
locus-mutated crypts after treatment with mutagens. Am J
Pathol 147:1416-1427, 1995.
28.²Yardley JH, Donovitz M: Colorectal biopsy in inflammatory
bowel disease. In: Yardley JH, Morson BC, eds. The gastrointestinal tract. International Academy of Pathology Monograph,
No. 18. Baltimore, Md: Williams and Wilkins; 50-94, 1977.
29.²Bjerknes M, Cheng H, Hay K, et al: APC mutation and crypt
cycle in murine and human intestine. Amer J Pathol 150:833839, 1997.

