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the midpoint of the descending portion of the curve is used
instead of the 50% label point, the S phase in hyperplasia
was approximately 12 hr long. This would actually be an
underestimate. The total of each of these intervals was
subtracted from the cell cycle time to obtain G, phase
lengths of approximately 10 hr in controls and 13 hr in
hyperplasia.

The position of labeling during hyperplasia differed mark-
edly from controls (Table 1). The relative position of cells in
the proliferative zones of control and hyperplastic colons
was calculated from mice sampled 2 hr after [*H]dThd
injection. There was an expansion of the proliferative zone
from the basal one-third of the crypt in controls (Fig. 1) to
the basal one-half in moderate hyperplasia (Fig. 2). Severe
hyperplasia had DNA synthesis and mitotic activity through-
out the crypt column and surface mucosa (Figs. 3 to 5).

Labeling indices of moderate and severe hyperplasia
were significantly elevated above that of controls (Table 2).

Table 1

Proliferative zone height of control and hyperplastic colons 2 hr
after [*H]dThd injection

No. Proliferative

The indices from 1.5 and 2 hr after [*H]dThd injection were
combined for control colons and for moderately and se-
verely hyperplastic colons for comparison. Statistically sig-
nificant differences occurred between each of the groups
(p < 0.001 between controls and moderate or severe
hyperplasia and p < 0.01 between moderate and severe
hyperplasia).

The transit time of cells migrating through the nondivid-
ing segment of the crypt column was markedly decreased
in hyperplasia (Table 3). Only moderately hyperplastic le-
sions could be evaluated since label was already present in
the surface mucosa in severely hyperplastic lesions at 1 to
2 hr. Since the crypt cell column heights of moderately
hyperplastic colons averaged only about twice that of con-
trols, although the migration rate was approximately 9
times faster, cell loss via surface extrusion or death was
apparently accelerated in hyperplasia.

In regressing hyperplasia (28 days), crypt heights were
comparable to moderate lesions at 16 days except that the
labeling index was slightly decreased, the migration rate
was greatly prolonged, and the proliferative zone was
diminished (Table 4). Although the labeling index and the
position of label were evaluated at 1 hr in this study and 2

of  Cryptcolumn zone height Fraction of hr in the previous study, no differences existed between
mice height (cells)  (cells) crypt control groups. The cell column height of the proliferative
Control 10 270 + 2.4° 9.0+09 0.33+0.02 zone in regressing hyperplasia was twice that of controls,
Hyperplastic but it occupied approximately the same relative position.
gec:«:?;ate 2 ggg * ?3 :(7”7’ * gg g'gg * 8'82 Migration rates were identical for controls in both studies.
- - S b The rate in regressing hyperplasia was slower that that
Mean = S.E. found in peak hyperplasia, but it was still accelerated
compared to that in controls.
Table 2
Labeling indices of control and hyperplastic colons 1.5 to 2 hr DISCUSSION
after [*H]dThd injection L . . .
No_of Crvot col Transmissible murine colonic hyperplasia offers an op-
0.0 rypt column . . . .
mice height (cells) Labeling index port.umty to examine thg colqmc mucosa at the Ilmlt's of
< a 7219 benign but marked proliferative response. Data obtained
g;’;;’r‘:'asﬁ c 13 276 24 10.7 £ 1. from this disease can be extrapolated to provide insight
Moderate 12 544+ 3.3 16.8+ 2.8 into diseases with a lesser degree of proliferation. During
Severe 13 90.5 + 12.1 233+ 6.1 hyperplasia, an expansion of the proliferative zone, an
a Mean + S.E. increased labeling index, a prolongation of the cell cycle
® Mean + S.D. time, an increase in variation of DNA synthesis times result-
Table 3
Migration rates of cells through the nondividing segment of the crypt in control and hyperplastic colons
Fraction of crypt Migration
No. of Crypt column (cell posi-
mice height (cells) 1h 12 hr 24 hr tions/hr)
Control 10 25.8 + 2.4% 0.33 = 0.04 0.49 = 0.11 0.18
Hyperplastic 14 54.6 = 3.8 0.46 = 0.07 0.85 = 0.01 1.89
® Mean + S.E.
Table 4
Labeling indices, proliferative zones, and migration rates of control and hyperplastic colons undergoing regression
Fraction of crypt Migration
No. of Crypt column Labeling index Proliferative zone (cell posi-
mice height (cells) (1 hr) height (cells) 1hr 24 hr tions/hr)
Control 6 27.7 +2.0° 95=+1.1° 9.6 +0.27 0.35 + 0.01° 0.50 + 0.01 0.18
Hyperplastic 15 63.3x3.5 14116 205+ 25 0.38 = 0.03 0.56 = 0.05 0.42
% Mean * S.E.
b Mean = S.D.
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ing in prolongation of the S phase, and an accelerated
migration rate were found. Although crypts were elongated,
cell production exceeded retention, resulting in accelerated
cell extrusion and immaturity of the hyperplastic epithe-
lium.

The cytokinetic changes demonstrated during murine
colonic hyperplasia are not unique, and resemble changes
found in colonic and some other types of neoplasia. Avail-
able data on cell cycle parameters of various tumor types
are extremely divergent among laboratories, tumor type,
and conditions that influence tumor growth rate (6, 23, 45,
63). Limited information is available on complete cell cycle
analysis in colonic neoplasia. In patients with colonic vil-
lous papilloma and adenocarcinoma, the proliferative cycle
and S phase are prolonged compared to nonneoplastic
adjacent tissue (34). In other studies, S phase prolongation
was observed in human colonic adenocarcinoma (7, 10,
29). Carcinogen-induced adenocarcinomas of the rodent
colon also have a lengthened cell cycle time (43, 54), S
phase, and possibly G, phase (43). Neoplastic liver cells and
neoplastic epithelium of other tissue sites have similar
cytokinetics. The fraction-labeled mitosis curve in carcino-
gen-induced rat hepatoma cells closely resembies the curve
seen with colonic hyperplasia in the present study, with an
accelerated G, phase, a prolonged S phase resulting in a
more obtuse angle for the descending curve and a pro-
longed G, phase and total cell cycle time (40). Carcinogen-
induced carcinomas of the mouse uterine cervix also have
an accelerated G, phase and a prolonged S phase and cell
cycle time (26). Autoradiographic analysis of human skin
cancer has disclosed identical cytokinetics (24, 27). S phase
prolongation is also present in human laryngeal, tracheo-
bronchial, and esophageal epithelial neoplasms (22). In-
creased labeling indices and surface labeling due to de-
regulation of DNA synthesis are also characteristic of hu-
man and carcinogen-induced rodent colonic neoplasia (7,
16, 33, 35, 38, 42, 43, 51, 52, 55).

Proliferative kinetics similar to some of the changes seen
in the present study also occurs in patients with several
diseases which predispose them to a high risk of colonic
cancer. Increased labeling index, expansion of the prolifer-
ative zone, surface labeling, and accelerated crypt cell
migration rate have been demonstrated in ulcerative colitis
(9, 18, 21). There is displacement of the proliferative zone
to the surface mucosa in mucosal and adenomatous polyps,
villous papillomas, the flat mucosa between existing polyps
or tumors, and the mucosa prior to polyp formation (7, 8,
10, 14, 15, 18, 33). Surface labeling also occurs in the
epithelium of intestinalized gastric mucosa, a lesion which
predisposes to gastric carcinoma (56). The colonic mucosa
of rodents treated with carcinogens prior to tumor forma-
tion or between existing tumors also has elongation of the
crypt cell column, widening of the proliferative zone, sur-
face labeling, and increased labeling index (15, 35, 38, 42,
47, 49, 51, 52, 55). Cell cycle time has not been examined
under these circumstances, but the S phase has not been
found to be prolonged in patients with ulcerative colitis,
familial polyposis, or prior to tumor formation in rodents
treated with carcinogen (8, 9, 47). It is prolonged in prema-
lignant lesions of human skin and carcinogen-treated
mouse uterine cervix (26, 28).
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It is tempting to consider these cytokinetic changes,
particularly atypical labeling pattern, as characteristic of
neoplasia or impending neoplasia. The present study indi-
cates that they occur in severe hyperplasia and probably
more minor proliferative states. Clearly, intestinal cell re-
newal is modified by numerous factors, including establish-
ment of microflora, bile acids, hormones such as pentagas-
trin and growth hormone, partial surgical resection, starva-
tion, lactation, age, and general state of health (1, 11, 12,
19, 30-32, 37, 46, 50). Mucosal injury results in a more
zealous compensatory proliferative response. The labeling
index increases, the proliferative zone expands, and crypts
become hypercellular following irradiation, acute 1,2-di-
methylhydrazine toxicity, induction of enteritis in mice by
Salmonella typhimurium, and nonspecific injury to the
cecal mucosa by foreign body implantation (2, 13, 25, 36,
41). Therefore, the intestinal mucosa appears to respond
similarly to various stimuli that induce proliferation. When
the need demands, the pool of dividing cells enlarges by
expansion of the proliferative zone from the crypt base to
higher levels along the crypt column. The number of cells
synthesizing DNA (and dividing) increase with acceleration
of the migration rate. Extra cells are retained and crypts
elongate. When stimulation is more intense, the prolifera-
tive zone is capable of expanding to include the entire
length of the crypt and surface mucosa. Under these cir-
cumstances, a prolonged S phase and cell cycle time occur
and resemble the kinetics seen in neoplasia. Despite pro-
longation of the cell cycle time, the expanding population
of dividing cells results in an increase in migration rate and
retention of immature cells. If human colonic mucosa
responds in the same way, interpretation of atypical cytoki-
netic changes must be performed with caution. The high
correlation of hyperplasia with eventual neoplasia and the
known promoting effect of hyperplasia on experimental
colon carcinogenesis (5, 20, 39) imply that the finding of
atypical cytokinetics is highly significant.
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columns are 25 to 30 cells high. H & E, x 125.

lower half of crypts, and crypt cell columns are 50 to 60 cells high. H & E, x 125.

Fig. 1. Autoradiograph of the descending colon from a control mouse, 1 hr after [*H}dThd injection. Labeling is present in the crypt base, and crypt cell
Fig. 2. Autoradiograph of the descending colon from a mouse with moderate mucosal hyperplasia, 1 hr after [*H]dThd injection. Labeling is present in the

Fig. 3. Autoradiograph of the descending colon from a mouse with severe mucosal hyperplasia, 1 hr after [*H]JdThd injection. Labeling is present

throughout the crypts, and crypt cell columns are greater than 70 cells high. H & E, x 125.

crypt neck and surface mucosa (arrows). H & E, x 400.
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Fig. 4. Autoradiograph of the descending colon from a mouse with severe mucosal hyperplasia, 1 hr after [*H]dThd injection. Labeling is present in the

Fig. 5. Descending colon from a mouse with severe hyperplasia. A mitotic figure is present in the surface epithelium (arrow). H & E, x 340.
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