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Abstract
Background—Epidemiological data indi-
cate an increased risk for rectal cancer
following chronic alcohol consumption.
As chronic ethanol ingestion leads to rec-
tal hyperregeneration in experimental
animals, indicating a state of increased
susceptibility to carcinogens, we studied
cell proliferation in alcohol abusers.
Methods—Rectal biopsies were taken
from 44 heavy drinkers and 26 controls.
Cell proliferation, including proliferative
compartment size, was measured by im-
munohistological staining for prolifera-
tive cell nuclear antigen (PCNA) and Ki67,
and by in situ hybridisation for histone
H3. Quantification of cell proliferation
using PCNA staining was evaluated in 27
alcohol abusers and 12 controls. In addi-
tion, immunohistology was performed for
cytokeratins and gene products of Rb1,
bcl-2, and p53.
Results—Heavy drinking resulted in
increased cell proliferation of the rectal
mucosa, as shown by increased detection of
diVerent proliferation markers. However,
cell diVerentiation regarding cytokeratin
expression patterns was unchanged as well
as regulatory factors involved in carcino-
genesis and/or apoptosis.
Conclusion—Chronic alcohol abuse leads
to rectal mucosal hyperproliferation in
humans, a condition associated with an
increased cancer risk.
(Gut 2001;49:418–422)
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Colorectal cancer is a leading cause of death in
industrial countries.1 2 Epidemiological studies
have shown that among other factors, chronic
alcohol consumption, even in moderate doses,
increases the risk of rectal cancer3–6 and colo-
rectal polyps.6–9 Various experimental studies
have been performed to elucidate the mech-
anism of the cancer stimulating eVect of
chronic ethanol ingestion. In rats, it has been
shown that concomitant administration of
ethanol in a liquid diet promotes rectal
carcinogenesis induced by 1,2-
dimethylhydrazine,10 azoxymethane,11 and
azoxymethylmethylnitrosamine (AMMN).12

As AMMN induced rectal carcinogenesis was
stimulated by ethanol and as AMMN does not
need metabolic activation to become carcino-
genic, it was believed that local rather than sys-
temic eVects of ethanol may contribute to the
cocarcinogenic eVect of ethanol in the rectum.

Indeed, in a variety of experimental studies it
was shown that chronic ethanol consumption
increased mucosal cell regeneration in the rec-
tum, possibly due to acetaldehyde mediated
toxicity leading primarily to mucosal cell injury
followed by enhanced cell renewal.12–15 It is well
known from studies in experimental ani-
mals16 17 and humans18 19 that such mucosal cell
hyperregeneration, regardless of its underlying
cause, predisposes to the development of
colorectal cancer. As no data are available on
the eVect of chronic ethanol consumption on
rectal cellular behaviour in humans, we investi-
gated rectal mucosal cell proliferation, cell dif-
ferentiation, and tumour suppressor gene/
oncogene expression in chronic alcohol
abusers and control subjects.

Materials and methods
PATIENTS

Twenty seven heavy drinkers (23 males, four
females) admitted to the Department of Medi-
cine, Salem Medical Centre, Heidelberg, for
alcohol detoxification treatment were included
in this study. Mean age was 50.7 (11.8) years
(range 29–71). Rectal biopsies (15–20 cm
above the anal ring) were taken between the
first and fourth day after admission during
flexible rectoscopy using a standard colono-
scope and biopsy forceps (Olympus Co.
Europe, Hamburg, Germany). Alcohol con-
sumption prior to hospitalisation was recorded
by face to face interview and exceeded 11 units
of alcohol or 100 g of ethanol per day (1 unit
corresponds to 9 g) in all cases. Mean ethanol
consumption was 15.5 units or 140 g per day.
All patients consumed alcohol up to the day of
admission to hospital.

In addition, 12 control patients (five males,
seven females) were included in the study.
None had gastrointestinal disease or was
receiving any medication. All were coloscopied
for screening reasons to exclude colorectal
pathology during the time period of inclusion
of the study patients. Mean age was 46.5 (16.6)
years (range 25–74). Alcohol consumption was
determined by face to face interview and was
less than 3.3 units or 30 g per day. Smoking was
recorded in all but one subject.

IMMUNOHISTOLOGY

Following formalin fixation, routine histologi-
cal sections of all patients and controls were
immunostained for proliferating cell nuclear

Abbreviations used in this paper: ALDH,
acetaldehyde dehydrogenase; AMMN,
azoxymethylmethylnitrosamine; ck, cytokeratin; PC,
proliferative compartment; PCNA, proliferative cell
nuclear antigen; PI, proliferation index.
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antigen (PCNA) using the PC10 mouse
antibody (Dianova, Hamburg, Germany) and
the biotin-avidin detection system, according
to Weisgerber and colleagues.20 In longitudi-
nally sectioned crypts, crypt height (cells per
crypt column) as well as the number and loca-
tion of intensely stained nuclei were recorded.
For quantitative analysis the proliferation index
(PI) (percentage of stained cells) was calcu-
lated for the whole crypt cell column and for
five equal crypt compartments, with compart-
ment 1 being at the crypt base and compart-
ment 5 at the crypt-luminar junction, as previ-
ously described.20 Crypt cell columns evaluated
were 28.8 (13.3) in heavy drinkers and 30.3
(17.6) in controls. The number of counted
cells per individual was 2503 (1095) in the
alcohol abusers and 2411 (1484) in controls.
Furthermore, extension of the proliferative
compartment (PC) was estimated using a
graphical method.13 21

In addition, rectal biopsies of 17 alcohol
abusers (10 males, seven females) and 14 age
matched controls (six males, eight females)
with identical inclusion criteria as above were
snap frozen and subjected to an array of diVer-
ent staining procedures: in situ hybridisation
for histone H3 was carried out in three
specimens each of patients and controls, as
published previously.22 The following staining
procedures were performed in tissues from all
17 heavy drinkers and 14 controls: Ki67
(MIB-1), regulatory proteins of Rb1, bcl-2 and
p53, and cytokeratins (ck).4 8 13 19 All antibodies
were commercially available: p53 clone
BP53-11 and ck 19 clone Ks 19.2 (Progen,
Heidelberg, Germany); Ki67 clone MIB-1
(Dianova, Hamburg, Germany); bcl-2 clone
124 and ck 8 clone 35âH11 (Dako, Glostrup,
Denmark); Rb1 clone 1F8 (Medac, Hamburg,
Germany); ck 4 clone M6B10 (Euro-
Diagostics, Arnhem, Netherlands); and ck 13

clone 1C7 (Laboserv, Giessen, Germany). The
detection system used was the alkaline
phosphatase-antialkaline phosphatase method,
in accordance with the manufacturer’s guide-
lines (Dako, Glostrup, Denmark).

STATISTICAL ANALYSIS

All values are given as mean (SD). PI values
were compared using the Students’ t test; p
values <0.05 were considered to be significant.
Study and control patients were of similar age.
However, due to the imbalance of the possible
confounders sex and smoking behaviour,
subsequent multivariate analysis was per-
formed: in a multiple regression model with PI
being the dependent variable, the adjusted
eVect of heavy drinking versus none to moder-
ate drinking was tested, with sex and number of
cigarettes per day being co-variables.

The study was approved by the ethics
committee of the Department of Medicine of
the University of Heidelberg.

Results
Typical staining patterns of PCNA in rectal
crypts of study subjects and controls are shown

Figure 1 Typical staining patterns of proliferative cell
nuclear antigen in nuclei of rectal crypts of controls (A)
and alcohol abusers (B) (magnification ×100).

Table 1 Characteristics of rectal crypts in heavy drinking
and control subjects

Alcoholics
(n=27)

Controls
(n=12) p Value

Crypt height (cells/crypt
collumn)

80.3 (8.3) 77.4 (8.2) >0.05

PI (% PCNA positive
cells)

10.8 (0.4) 8.6 (0.3) <0.001

Values are mean (SD).
PI, proliferation index; PCNA, proliferative cell nuclear antigen.

Figure 2 Proliferative indices (PI) in alcohol abusers and
controls, expressed as a percentage of proliferative cell
nuclear antigen positive cells in a rectal crypt, subdivided
into equal crypt cell compartments, with compartment 1
being at the crypt base and compartment 5 adjacent to the
crypt-luminar junction.
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Figure 3 Graphically estimated proliferative compartment
(PC) size, expressed as the number of crypt cell
compartments, in alcohol abusers and controls. The limit of
PC is 50% of the peak proliferative index (PI).
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in fig 1. No diVerence in the size of rectal crypts
in alcohol abusers compared with controls was
detected (table 1). However, the PI of the
entire crypt column was significantly increased
in patients compared with controls (table 1).
This eVect of alcohol consumption on PI
values was maintained in the multiple
regression analysis (p=0.029). Neither sex
(p=0.47) nor cigarette smoking (p=0.35) had a
significant eVect on PI. PI values of the various
crypt compartments are shown in fig 2. Figure
3 depicts the size of the PC which was enlarged
in the heavy drinkers compared with controls
(2.8 v 2.35 crypt compartments).

In addition, other markers of cellular regen-
eration, such as Ki67 and histone H3, were also
found to be increased in patients compared
with controls. Figure 4 shows examples of
expression of Ki67 using immunohistology.
Histone H3 using in situ hybridisation is shown
in fig 5. Both histone H3 and Ki67 positive
cells were markedly increased in study patients.
In contrast, patterns of ck staining were identi-
cal in both groups: cells were uniformly
positive for ck 8 and 19, and negative for ck 4
and 13. Also, no overall diVerences between
alcoholics and controls were detected in the
staining patterns of Rb1, bcl-2, and p53. Rb1
and bcl-2 exhibited reactivity of few cells in the
basal crypt region, and p53 was not detected.

Discussion
Our results show for the first time that heavy
chronic alcohol consumption, regardless of the
type of alcoholic beverage consumed, results in
significantly increased rectal mucosal regenera-
tion. This significant diVerence in cell regen-
eration was shown with three diVerent prolif-
eration markers. Quantitative analysis with
PCNA staining also yielded information on the
pattern of this alcohol associated rectal hyper-
proliferation. One important determinant to
characterise the significance of crypt cell
hyperproliferation is the extent of expansion of
the PC of the crypt. Under normal conditions
the lower third of the crypt represents the PC,
followed by the functional compartment where
cell division is greatly reduced and cells gener-
ally diVerentiate before they reach the colonic
lumen. Expansion of the PC without crypt
hyperplasia, as in this case, is typical for
reparative cell growth following toxic damage

of the mucosa and resembles the proliferative
changes in the rectum of chronically alcohol
fed experimental animals.12–14 A reduced sur-
vival time of crypt cells probably prevents
hyperplasia as chronic ethanol consumption
obviously leads to toxic cell damage and there-
fore to secondary compensatory hyperprolif-
eration.13 Expansion of the PC is also associ-
ated with an increased risk of colorectal cancer
and may represent a predictive marker for
increased colorectal cancer risk, as shown in
experimental animals16 17 as well as in hu-
mans.18 19

In addition to the quantitative PCNA study
we investigated a second group of alcoholic
patients and controls. In these subjects we
stained rectal biopsy samples for Ki67 and his-
tone H3. Ki67 is a nuclear non-histone protein
which is expressed in cycling cells almost
throughout the entire cell cycle, except early
G-1. Therefore, it characterises approximately
the growth fraction of the tissue under evalua-
tion,23 although at a somewhat lower level.
Reliable staining of S phase cells can be
performed with in situ hybridisation for histone
H3.24 Both proliferation markers Ki67 and his-
tone H3 showed markedly increased staining in
rectal crypts of patients compared with con-
trols. This was associated with expansion of the

Figure 4 Staining for Ki67 in rectal crypts of controls (A)
and alcohol abusers (B) (magnification ×100).

Figure 5 Histone H3 mRNA analysed by in situ
hybridisation in rectal crypts of controls (A, B) and alcohol
abusers (C, D). (B) and (D) are dark field
photomicrographs of (A) and (C), respectively. There was
considerably increased H3 mRNA in the proliferative
regions of rectal crypts of alcoholic subjects (magnification
×80).
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proliferative zone towards the colonic lumen.
The percentage of H3 positive cells was found
to be naturally lower compared with Ki67.
Hence we confirmed increased rectal mucosal
cell proliferation with three diVerent methods
in heavy drinking subjects. As snap frozen
tissue samples yielded the same results for
Ki67 and histone H3 as the PCNA study with
formalin fixed tissues, fixation artefacts can be
ruled out.

In experimental studies a significant correla-
tion between crypt cell production rates and
mucosal acetaldehyde concentrations was re-
ported in the rectal mucosa of chronically
ethanol consuming animals.12 14 The acetalde-
hyde found in the colorectal mucosa and also in
the lumen of the large intestine is predomi-
nantly produced by faecal bacteria.12 25 26 These
bacteria are capable of metabolising ethanol
(which exists in the colonic lumen in similar
concentrations as in blood) to acetaldehyde.
Because of the large number of bacteria
present, it is not surprising that acetaldehyde
concentrations in the large intestine are the
highest found in the body when calculated per
gram of tissue27 and it is well established that
acetaldehyde binds rapidly to protein28 and
even to DNA,29 resulting in cell injury.30

Indeed, the functional compartment of rectal
crypts is smaller and the lifespan of the cells in
the functional compartment is reduced, indi-
cating destruction of mucosal cells when alco-
hol is fed to rats chronically.13 Furthermore,
rectal biopsies of alcoholics revealed altered
histology with inflammatory infiltrates.31 This
histological feature returns to normal following
three weeks of abstinence.31 Also, hyperplastic
and hyperproliferative changes could be in-
duced in the upper gastrointestinal tract of
experimental animals after oral administration
of acetaldehyde.15 Besides the fact that acetal-
dehyde can be produced by faecal bacteria,
mucosal alcohol dehydrogenase is also capable
of generating acetaldehyde.32 If acetaldehyde is
not adequately metabolised further to acetate
by acetaldehyde dehydrogenase (ALDH), it
may accumulate and its toxic eVects may
aggravate. Indeed, a recent study by Yokoyama
et al reported an increased risk of rectal cancer
in individuals who possess a mutant ALDH-2
not capable of removing acetaldehyde ad-
equately, which is another important finding
focusing on the carcinogenic or tumour
promoting eVect of acetaldehyde in humans.33

Another possible mechanism of increased
cell proliferation in heavy drinkers could be
alcohol withdrawal itself, as rectal biopsies
were taken during hospitalisation and absti-
nence. High amounts of alcohol may inhibit
cell proliferation, at least in the liver,34 while
moderate alcohol consumption results in he-
patic hyperproliferation.35

We could not find any eVect of chronic alco-
hol consumption on expression of p53, which
is not surprising as overexpression of p53 is a
late event in carcinogenesis often observed in
neoplastic polyps. In addition, alcohol did not
aVect expression of Rb1. There was weak
activity in a few basal cells but no diVerence
between the two groups. However, it must be

emphasised that the function of Rb1 depends
on its phosphorylation and this cannot be elu-
cidated by the method used.

The bcl-2 protooncogene is involved in the
regulation of programmed cell death where it
opposes induction of apoptosis.36 In normal
colorectal crypts only a few cells at the base of
the crypts are bcl-2 positive, which may repre-
sent putative stem cells.37 As alcohol ingestion
leads to mucosal hyperregeneration and expan-
sion of the PC of rectal crypts without changes
in protooncogene expression, chronic ethanol
consumption seems to aVect early events in
rectal tumorigenesis. The occurrence of mu-
cosal hyperregeneration is indeed such an early
event, according to Fearon and Vogelstein.38

However, folic acid deficiency could be an
additional factor in a situation where mucosal
hyperproliferation occurs.39 40 Indeed there
seems to be a link between high alcohol intake,
folate deficiency, and increased colorectal can-
cer risk.41 42 Most recently, low folate levels
were demonstrated in the rectal mucosa of rats
after chronic alcohol ingestion.43 Due to the
increased folate requirement for cytosine meth-
ylation and thymidine synthesis under hyper-
proliferative conditions, such folate deficiency
may be an additional relevant factor in alcohol
associated rectal carcinogenesis. Indeed, DNA
hypomethylation has recently been reported in
the rat colon following chronic alcohol con-
sumption.44 Furthermore, acetaldehyde may
itself be responsible for local folate deficiency
as acetaldehyde, in concentrations present in
the colon, destroys folate.45

To evaluate epithelial diVerentiation, we
immunostained for diVerent cytokeratins. The
colorectal crypt cells of patients as well as con-
trols exhibited the usual cytokeratin expression
pattern with positive staining for cytokeratins 8
and 19, and no immunoreactivity for cytokerat-
ins 4 and 13, the latter being normally
expressed in squamous epithelia.46

In conclusion, we demonstrated here for the
first time increased mucosal cell proliferation
with expansion of the PC in rectal crypts of
patients with chronic alcohol abuse. This is a
condition associated with an increased risk of
rectal cancer.
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