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Relationship between nutritional habits adopted by ulcerative colitis
relevant to cancer development patients at clinical remission stages
and molecular-genetic parameters
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UC (ulcerative colitis) patients have an increased risk of developing colorectal cancer compared with the normal population. The cause underlying
this higher risk is not fully defined but includes nutritional and environmental factors concomitant with genetic alterations. We aimed to evaluate
genetic stability in the colonic tissue of UC patients in clinical remission compared with the healthy population, and to establish a possible cor-
relation between nutritional habits and these molecular assessments. UC patients (n 42) and healthy controls (n 37) participated in the study. All
participants were histopathologically and medically diagnosed. Participants completed five separate 7 d dietary records, food-frequency question-
naires and validated 24 h recalls for nutritional assessment. The extent of chromosome 17 loss and the calculated chromosome index was deter-
mined in colon tissue biopsies by fluorescence in sifu hybridisation. Correlations between the molecular and nutritional assessments were
performed using Pearson’s correlation coefficients. Significant differences in the nutritional intake of total fat (65 (sp 15) v. 89 (sp 25) g), choles-
terol (330 (sp 168) v. 464 (sp 177) mg), dietary fibre (32 (SD 4-7) v. 9 (SD 4) g), vitamin A (1009 (sp 209) v. 506 (sD 204) wg), vitamin C (308 (sD
108) v. 72 (sD 53) mg) and folic acid (412 (sp 89 wg) v. 187 (sp 107)) were recorded for UC patients compared with controls. Significant cor-
relations were found for the consumption of different food groups and the chromosome index for chromosome 17. The results of our study suggest
that the nutritional habits adopted by UC patients during clinical remission may affect key cellular components of the colonic tissue, inducing

a high degree of aneuploidy and genetic instability, and probably affecting the development of colon cancer.

Inflammatory bowel disease: Ulcerative colitis: Nutritional habits: Fluorescence ir situ hybridization

Ulcerative colitis (UC) is characterised by a constant inflam-
matory process of mostly unknown aetiology. Several studies
indicate that environmental factors such as nutrition are
associated with either the pathogenesis or, alternatively, the
treatment of UC (Podolsky, 1991a,b; Fergus, 1993; Han
et al. 1999; Hugot et al. 1999). Nutrient deficiencies in
patients with UC occur via several mechanisms and may com-
plicate the course of the disease (Han et al. 1999). Chronic
long-standing inflammatory bowel disease (IBD) is well estab-
lished as a predisposing condition for the development of col-
orectal adenocarcinoma (Potter ef al. 1993). Whether nutrition
plays a role in this predisposition remains to be investigated.
A parallel sequence of events exists between the develop-
ment of sporadic colorectal carcinoma and the progression
of IBD. In both, histological progression is a multistep process
that includes genetic instability, clonal expansion, the devel-
opment of dysplasia and finally carcinoma (Arends, 2000).
DNA aneuploidy and loss of the p53 tumour suppressor
allele are found in both diseases. An abnormal aneuploid
DNA pattern has been shown in sporadic colorectal cancer
as well as in mucosal biopsies from premalignant conditions

in the colon, such as adenoma and long-standing UC (Lofberg
et al. 1989; 1992; Porschen et al. 1992; Rubin et al. 1992;
Befrits et al. 1994; Lindberg et al. 1999; Pohl et al. 2000).
Nonetheless, differences are also evident and indicate that
loss of the p53 allele may occur earlier during neoplastic pro-
gression in UC than in sporadic colorectal cancer, in which it
usually occurs late in the progression from adenoma to carci-
noma (Hussain er al. 2000). In this regard, we have recently
demonstrated (Rosman-Urbach er al. 2004) that there are, in
UC patients, significant changes in chromosome 17 and p53
copy number, lower levels of serum p53 protein, and signifi-
cant direct correlations for the duration of UC, levels of p53
in the serum and extent of aneuploidy, all measurements
directly correlated with risk factors for colorectal cancer.

A plethora of experimental and epidemiological data
demonstrates the potentially key role of nutritional factors in
the aetiology of colorectal cancer (Lipkin et al. 1999).
These studies indicate that the risk of developing colorectal
neoplasia is strongly affected by the intake of fat, red meat,
dietary fibre (Willett et al. 1990; Howe et al. 1992; Giovan-
nucci et al. 1994; Lubin et al. 1997), sugars (Slatterry et al.
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1997a), folate (Brentnall et al. 1994), fruits and vegetables
(Steinmetz & Potter, 1991), as well as of other dietary factors
(Potter et al. 1993). Do, then, nutritional factors affect the pre-
disposition of UC patients to develop preneoplastic and neo-
plastic stages?

The present study was designed to evaluate the nutrient con-
sumption and nutritional habits of UC patients in clinical
remission and to correlate these assessments to molecular par-
ameters that indicate genetic instability, such as the extent of
cellular colonic aneuploidy and the state of chromosome 17.

Methods
Subjects

For the present study, subjects were selected from patients of
the Gastroenterology Department, Rabin Medical Center, Bei-
linson Campus, Petah Tikva, Israel. The study was reviewed
and approved by the Helsinki committee of the Rabin Medical
Center, and informed written consent was obtained from each
subject. Before entry into the study, all subjects were screened
by medical history, physical examination and blood tests.

The study group consisted of forty-two patients (seventeen
women and twenty-five men) with UC. The average age of
the UC group was 55 years, with a range of 29-68 years.
Their mean known disease duration was 20-6 (SD 8) years
(range 11-35 years). The diagnosis of colitis was established
by colonoscopy, histopathology and bowel X-ray study
according to Morson’s criteria (Morson, 1995). In twenty-six
patients, pancolitis was diagnosed, and six had left-sided coli-
tis. Six of the patients with UC were diagnosed with primary
sclerosing cholangitis by cholangiographical and histological
criteria. Four of the patients with UC exhibited dysplasia-
associated lesions and masses (3—5cm) with high-grade dys-
plasia in the distal colon and rectum. All patients with UC
had been in clinical remission from the acute phase of their
disease (post-relapse stage) for less than 1 year but had suf-
fered at least two acute attacks of UC in their medical history
and were receiving preventive maintenance therapy with
5-aminosalicylic acid. Specifically excluded were those who
were thought to require intestinal surgery up to 3 months
after study entry, patients with an ileostomy, colostomy or
ileal pouch, patients with laboratory-confirmed intestinal
infection and pregnant women.

The control group consisted of thirty-seven healthy volun-
teers (eighteen women and nineteen men) who had undergone
colonoscopy at the gastroenterology department of the Rabin
Medical Center as part of a general screening programme
for colorectal cancer (CRC) and who had been diagnosed as
clinically healthy. The average age of the control group was
58 years, with a range of 31-72 years. The control group
was elected in order to match the age and gender distribution
of the study group.

Histopathological analysis of biopsy samples

Between six and eight biopsy specimens from each UC patient
and one or two biopsy specimens from each control were
obtained from the colonic mucosa at colonoscopy, fixed in
buffered formaldehyde and embedded in paraffin. Representa-
tive sections of each biopsy were first stained with haematoxy-

lin and eosin and evaluated histopathologically. For each
biopsy sample, the histopathological lesions of interest were
first identified on routinely stained slides. Serial sections of
lesions of interest for each biopsy were used for fluorescence
in situ hybridization (FISH) analysis.

Fluorescence in situ hybridization analysis in biopsy samples

Paraffin sections from the subjects were processed for FISH
analysis. We have recently described in detail methods for
proteolysis, hybridisation and signal detection in FISH ana-
lyses of colonic sections (Rosman-Urbach et al. 2004).

Dietary assessments

The nutritional assessments were conducted over a period of
6 months. Three different methods of calculating daily food
intake were used for each volunteer: a food-frequency ques-
tionnaire at initial screening, a 7d food diary and 24h
recall. A trained registered dietician (M. R.-U.) performed
all the dietary assessments.

The subjects attending the clinic answered the food-
frequency questionnaire and concomitantly received a packet
of forms and instructions that enabled them to record a 7d
food diary. The packet included ‘Food Diary Instructions’,
a complete sample day and seven blank forms. The instruc-
tions included statements on how to complete each item on
the form and definitions of possible responses. The forms
had a blank space for the subject’s name at the top and for
the date, month and year of the day being recorded. There
were forty-eight lines on which to record the foods consumed
each day. The first column for each line identified the meal at
which the food was consumed (breakfast, lunch, dinner,
snack), and the second column provided space for the specific
food item. The ensuing columns provided spaces for the
number of servings of each item, the place of preparation
(home, work, restaurant, store) and the method of preparation
(fried, sautéed, baked, broiled, microwaved, steamed, boiled,
raw, uncooked, other), and to indicate whether fat was
added (e.g. margarine on bread). A check box was included
at the bottom of each form to indicate whether another form
was needed to record the foods for that day. The subjects
filled the forms on five different occasions during the
6 months of the study.

Nutritional analysis of all the data was based on food com-
position tables provided by the Israeli Health Administration
(1996a), and specific software was developed to transform
the frequencies of consumption of food items into nutrient
intake data. In addition, the data were evaluated from food
exchange lists for normal diets (Israeli Health Administration,
1996b). Instead of a detailed computation of the diets, these
calculations evaluated consumption using an appropriate
food-grouping system, which implicated grouping together
foods of similar nutritive value. The use of food groups is
based on the assumption that eating appropriate amounts of
foods in each group will provide proper amounts of protein,
minerals and vitamins. The dietary assessment was based on
standard methodological formulas for pooling dietary data
and analyses (Zeman & Ney, 1988; Baeton, 1994; Frieden-
reich, 1994).
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Anthropometric measurements

The BMI was calculated for each subject. Total daily energy
expenditure was calculated using the Harris and Benedict
equations (Zeman & Ney, 1988).

Statistical analysis

Reporting accuracy of the three intake methods was analysed
by multivariate repeated-measures ANOVA. The various par-
ameters were compared across the three subject groups by
ANOVA. Associations between the extent of diploidy and
other parameters were calculated and expressed by the Pear-
son correlation coefficient method. Statistical analyses were
conducted using SAS software (version 6; SAS Institute,
Cary, NC, USA).

Results

There were no statistical differences between the two
groups, in terms of either age or anthropometrical parameters
(Table 1).

All participants completed the data for all dietary question-
naires provided. In the present study, there was no significant
difference between the three dietary assessment method-
ologies used (data not shown). Analyses of daily consumption
of nutritional elements indicated statistically significant differ-
ences between UC and controls (Table 2). UC patients con-
sumed significantly less dietary fibre, Ca, vitamin A, vitamin
C and folic acid than controls (P=0-0001) but more fat
(P=0-0002) and cholesterol (P = 0-018); nonetheless, energy
consumption (kcal) was similar for both groups.

To assess potential differences in the consumption of cer-
tain foods between UC patients and the healthy control
group, the nutritional data were analysed using food exchange
groups. Fig. 1 summarises the daily intake results calculated
according to the exchange groups and shows statistically sig-
nificant differences between UC and controls for vegetable
protein (legumes), animal protein, vegetables, fruits, milk,
fats, extras (P=0-0001) and cereals (P=0-002). Daily fluid
intake is illustrated in Fig. 2. Whereas UC patients consumed
less water and other non-caffeine-containing liquids than con-
trols, they consumed more coffee and tea (P=0-0001).

One experienced pathologist (S. M.) diagnosed each of the
sections obtained from the different biopsies. To check for inter-
observer reproducibility, two to four adjacent serial sections
were blindly and independently evaluated by two histopatholo-
gists for different grades of dysplasia according to standard cri-
teria for comparison (Riddell et al. 1983), with a value of 0-64,
i.e. substantial agreement (Riddell et al. 1983). Intraobserver

agreement (S. M.) after 6 months was similar to the first evalu-
ation (0-82).

FISH analyses were performed as previously described
(Rosman-Urbach et al. 2004). Briefly, the number of signals
seen as fluorescent spots on a minimum of 100 non-overlapping
interphase nuclei with intact morphology in a given area was
counted using previously described criteria (Dhingra et al.
1994). A minimum of five randomly chosen areas was counted
on each slide from each cell block. We calculated the polysomy
index, which represented the fraction of cells showing more than
two signals per cell, the monosomy index, representing the frac-
tion of cells showing one signal per cell, and the chromosome
index (CI), the value obtained from the total number of signal
spots per number of nuclei counted (including nuclei with no
signal spots). Polysomy index, monosomy index and CI were
evaluated by FISH analysis of the centromere of chromosome
17. The analyses did not consider cells exhibiting no fluor-
escence spots. Normal human lymphocytes stimulated with phy-
tohaemagglutinin for 72h were used as controls to test the
probe’s intrinsic hybridisation efficacy. CI has previously been
demonstrated to accurately reflect the average copy number of
chromosomes in intact nuclei (Dhingra et al. 1994). The CI
in UC patients (0-95 sp 0-07) was significantly lower than in
controls (1-23 sp 0-08; P<0-01).

To examine whether there was a correlation between
specific nutritional intake and genomic instability, a corre-
lation analysis with the Pearson correlation coefficients for
dependent variables was performed (the described variable
elected being CI). Table 3 emphasises a strong negative corre-
lation between daily dietary fat intake and CI; i.e. as fat intake
increased, CI decreased. A similar negative correlation was
observed between percentage energy from fat and CL
A strong positive correlation was observed for dietary fibre,
Ca, vitamin A, vitamin C, folic acid and legume intake
when compared with CI. Table 4 shows the correlation
between food exchange groups and CI. The strongest positive
correlations were found for vegetable, fruit and legume
(vegetable protein) consumption.

Discussion

The study described here attempts to establish a correlation
between loss of DNA patterns, precarcinogenic stages and
the nutritional habits adopted by UC patients at post-relapse
stages. We selected UC patients who had been suffering
from the disease for a long time (> 10 years) and who were
all diagnosed as having stages of colitis with a relatively
high risk of colon cancer (Rosman-Urbach er al. 2004). We
chose UC patients with long-standing disease not only for

Table 1. Anthropometric characteristics of the subjects participating in the research

(Results analysed by contrast t test)

Age (years) Weight (kg) Height (cm) BMI
Group n Mean SD Mean SD Mean SD Mean SD
Ulcerative colitis 42 55-0 132 70-3 16-9 1671 8-4 253 6-2
Control (healthy volunteers) 37 58-1 121 737 16-2 165-8 84 26-7 51

No statistically significant differences were obtained for any parameter.
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Table 2. Mean daily energy and nutrient consumption T
(Based on 24 h recall, food diaries and personal interviews) " 10
o Sl
Control Ulcerative colitist o
3]
Energy and nutrients Mean sD Mean sSD g 6 -T-
*
Energy (kJ) 517-4 58-8 537 113.0 § 4r %
Protein (g) 90 13 81 21 Z <
Protein (% energy) 133 6:9 127 51 2r
Fat (g) 65 15 89 25 o , |
Fat (% energy) 27 01 35 0.1 . L
SFA (% energy) 9.9 0-8 1.3 2.99 Non-caffeine-containing liquids Coffee and tea
1'\_/'LfFIAPS/;_zn;rQY) 182 (2)3 1;:13 :g Fig. 2. Mean daily fluid and coffee consumption. Summary of daily fluid
OGaPUFA 0/( > energy) 5'4 0.6 6.6 0'7 intake (means and their standard errors). Non-caffeine-containing liquids
n-3 PUFA (°/° energy) 1'4 0'1 0.8 0'09 include water, juices, herb tea and some soft drinks. A statistically significant
?'—t | carb (h° den?rgy) 191' 41' 225' 44' difference (P=0-0001) was found for controls compared with patients with
otal carbohydrates (g) ulcerative colitis. [J, Control; &, ulcerative colitis.
Carbohydrates (% energy) 50-6 91 59-8 129
Fructose (g) 25 11 29 14
Lactose (g) 12 8 14 9
Sucrose 61 9 91 14 . .
Cho|este£g|)(mg) 330 168 464 177 screening and haq had a r}orrpal colonoscopy. The medical
Dietary fibre (g) 32 4.7 9 4 and histopathological examinations confirmed that the control
Ca (mg) 775 223 469 225 group did not suffer from bowel-related disorders.
\F/ieta(rT%)A( " 10(132 202 52)2 20:71 Our first aim was to perform extensive food- and nutrient-
W . . .
Vitamin E (mg) 136 6 13.4 4 consumptlon_assessments in the UC patient group and t(? com-
Vitamin C (mg) 308 108 72 53 pare these with those of a healthy control group. To this end,
Legumes (g) 21.9 6-9 11.2 6-6 nutrient-consumption and food-intake habits were obtained
Folic acid (1g) 412 89 182 107 and calculated from records and interviews according to

Energy consumption was similar for both study groups. There are significant differ-
ences between the ulcerative colitis and control groups in terms of the daily con-
sumption of nutritional elements. Patients with ulcerative colitis consumed less
dietary fibre, Ca, vitamin A, vitamin C, folic acid and legumes (P=0-0001) but more
fat (P=0-0002) and cholesterol (P=0-018).

the cancer risk factor, but also to deal with a population who
had for a long time adopted a diet that they thought would
relieve the symptoms of their disease. To obtain a reliable pro-
spective FISH evaluation of specimens from UC patients, the
tissues utilised in the present study were obtained from
patients in clinical remission from the disease with no signs
of active inflammation. In the present study, we elected to
use as the control group an asymptomatic population who
had come to the gastroenterology clinic for colorectal cancer

Animal protein
Vegetable protein

Cereals [

Vegetables —nmr

Food groups

Number of servings

Fig. 1. Food consumption evaluated by food-exchange groups. The graph
illustrates daily intake calculations (means with their standard errors) based
on food-exchange lists for a normal diet. Statistically significant differences
between the study groups were obtained for all food groups analysed: Animal
protein (meat, poultry, fish, eggs), Vegetable protein (legumes, soya pro-
ducts), Vegetables, Fruits, Milk, Fats and Extras (sugars and simple carbo-
hydrates found in jams, biscuits, cakes, chocolate, etc.) (P=0-0001), and
Cereals (P=0-002). [J, Control; @, ulcerative colitis.

well-established methods.

Nutrient-consumption —assessments revealed that UC
patients at post-relapse stages consume less dietary fibre, Ca,
vitamin A, vitamin C and folic acid than their control counter-
parts. These findings are at odds with previous studies report-
ing nutritional deficiencies in UC patients, mainly owing to
decreased consumption (Han ef al. 1999). These parameters
were further evaluated according to the exchange-list method-
ology in relation to a normal diet. These analyses clearly
demonstrated significant differences between UC patients
and controls in the intake of all food groups. UC patients con-
sumed fewer legumes, vegetables, fruit and milk products, but
more meat, cereals, fat and simple carbohydrates (‘Extras’).
Our findings agree with previous reports that carbohydrate
consumption is significantly higher in UC patients than in
healthy controls, and that UC patients also consume more
total protein and less fruit than controls (Tragnone et al.
1995).

Based on the food-intake analyses, nutrient consumption by
the UC group exemplifies a characteristic high-risk diet for the
development of colon cancer. For example, the increased con-
sumption of meat in the UC group is believed to be one of the
risk factors for the development of colon cancer (Geraldine
et al. 1988; Lipkin et al. 1999). In addition, UC patients
consume small amounts of foods from the vegetable protein
group, and legume consumption, especially of soya and
its derivatives, has been found to be cancer-preventive
(Ritenbaugh, 2000).

Ryder et al. (1998) have proposed that the common
expression of galactose 3 1,3-N-acetyl galactosamine o
(Thomsen-Friedenreich antigen) by hyperplastic and neoplas-
tic epithelia may be functionally important because it allows
an interaction with mitogenic dietary lectins. Legumes contain
high concentration of lectins, and the question arises of
whether the lower legume consumption measured in UC

ssaud Aissaaun abpliquied Aq auluo paysliand #2915002N(d/6£01°01/610"10p//:sdny


https://doi.org/10.1079/BJN20051624

192 M. Rosman-Urbach et al.

Table 3. Correlation between nutritional elements and calculated chromosome index in the

group with ulcerative colitis

Nutritional element Pearson correlation coefficients (r) Significance from zero (P)
Dietary fibre (g) 0-79 0-0001
Vitamin C (mg) 0-62 0-0001
Folic acid (mg) 0.72 0-0001
Legumes (g) 0-60 0-0001
Vitamin A (mg) 0.57 0-0001
% Fat of calories —0-54 0-0001
Ca (mg) 0-42 0-0032
Fat (g) —0-51 0-0039

A negative correlation was found for percentage fat of calories (r= —0-54, P=0-0001) and fat (r= —-0-51,
P=0-0039). All other elements show strong positive correlations with highly statistical significance

(P=0-0001).

Table 4. Correlation between food groups (calculated by food
exchanges) and chromosome index

Pearson correlation Significance
Food groups coefficients (r) from zero (P)
Fruits 0-77 0-0001
Vegetables 0-76 0-0001
Vegetable protein 0-66 0-0001
Extras -0-57 0-0001
Fat —0-56 0-0001
Milk 0-49 0-0005
Animal protein —0-45 0-0014
Cereals -0-39 0-007

Half of the food groups’ analyses (Fruits, Vegetables, Vegetable protein, Milk)
show statistically significant positive correlations and half statistically significant
negative correlations.

patients, which is translated into lower lectin levels, might
protect these patients from CRC. The answer is not straight-
forward as previous studies by Yu ef al. (2001) indicate that
two dietary Thomsen-Friedenreich antigen-binding lectins
induce opposite effects on the proliferation of human colon
cancer cells. Whereas peanut (Arachis hypogea) and edible
mushroom (Agaricus bisporus) produced marked stimulatory
effects on human intestinal epithelial cell proliferation, two
other known dietary Thomsen-Friedenreich antigen-binding
lectins — jacalin (Artocarpus integrifolia) and amaranth
lectin (Amaranthus caudatus) — produced a dose-dependent
inhibition of proliferation in HT29 human colon cancer
cells. Therefore, the types of lectin consumed may determine
the proliferation of colonic cells.

Our dietary assessments showed that UC patients consumed
low amounts of fibre, vegetables and fruits, behaviour that is
directly related to an increased risk of colorectal cancer in
the general population (Howe e al. 1992; Adlercreutz et al.
1995; Morson, 1995; Giovannucci, 1999; Lubin et al. 1997).
The control group ingested 32 (sD 4-7) g fibre daily, whereas
the UC group consumed significantly less fibre (9 (sD 4) g
daily). The intake of dietary fibre in the normal Israeli popu-
lation is relatively high and ranges from 27-4 (sp 11.9) g to
34-4 (sp 14-8) g daily depending on the ethnic group of
country of origin (Lubin et al. 2003). The control group
tended to consume fibre within the higher range since they
had a family history of colon cancer and might be consuming
a relatively healthy diet. In contrast, UC patients tended to

avoid fibre in order to reduce their symptoms, and this trans-
lated into the ingestion of significantly lower quantities of
fibre daily.

Various studies suggest that a high consumption of fat and
meat is an important dietary risk factor for the development of
colorectal cancer (Slattery er al. 1997b; Singh & Fraser,
1998), even in low-risk populations (Slattery et al. 1997b).
These foods are thought to be ‘aggressive’ factors, which
may trigger the pathogenesis of UC itself and concomitantly
increase the risk of developing or aggravating UC (Reif et al.
1997). We showed that UC patients consumed high amounts
of sugars and simple carbohydrates, which are also associated
with an increased risk of colorectal cancer among younger
men (Giovanna et al. 1998). The most significant carbohydrate
consumed was sucrose, supporting previous findings for Israeli
IBD patients (Reif et al. 1997).

The low intake of Ca in the UC group is probably associ-
ated with their low consumption of dairy products during all
phases of the disease. This nutritional deficiency is one of
the risk factors in the development of osteoporosis, and the
prevalence of low bone mass in patients with UC has been
reported to be more than 50 % (Andreassen et al. 1997). UC
patients suffer from an increased degradation of type I col-
lagen (Silvennoinen et al. 1996) and altered bone metabolism
(Bischoff et al. 1997). Other risk factors for the development
of low bone mass in patients with UC include the general risk
factors for osteoporosis, the presence of inflammation and the
use of corticosteroids and other pharmaceuticals (Cowan et al.
1997; Valentine & Sninsky, 1999). Furthermore, the low con-
sumption of Ca has been found to be associated with an
increased risk of developing colon tumours (Singh & Fraser,
1998).

A low consumption of vitamin A, as found in the present
study (Table 2), is typical of UC patients (Bousvaros et al.
1998) and is also considered to be a high-risk factor for devel-
oping colorectal cancer, owing to the antioxidant role played
by this vitamin (Niles, 2000). We found the folic acid intake
of UC patients to be lower than the RDA and lower than
that of controls. There is growing evidence that folic acid
deficiency is associated with a variety of human malignancies,
including colorectal cancer. Populations consuming a diet low
in folic acid have a high incidence of adenomatous polyps in
the colon (Giovannuci et al. 1993), and daily supplementation
with folic acid may protect against the development of neo-
plasia in UC.
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The intake of total fat was higher in the UC population than
the control population, supporting previous findings in Israeli
IBD patients (Reif et al. 1997). Notably, the consumption of
n-6 PUFA was higher, but the consumption of n-3 PUFA
was lower, in IBD. Diets with a specific fat composition
may influence inflammatory and immunological events (Gas-
sull et al. 2005). The consumption of n-6 PUFA greatly
exceeds that of n-3 PUFA. The n-6 PUFA arachidonic acid
gives rise to the eicosanoid family of inflammatory mediators
(prostaglandins, leukotrienes and related metabolites) and
through these regulates the activities of inflammatory cells,
the production of cytokines and the various balances within
the immune system. Vegetable oils such as safflower, soya,
corn and sunflower oil contain high levels of the n-6 PUFA
linoleic acid. The consumption of long-chain n-3 PUFA
decreases the amount of arachidonic acid in cell membranes
and therefore available for eicosanoid production. Thus, n-3
PUFA act as arachidonic acid antagonists.

Calder & Grimble (2002) have proposed the likely mechan-
isms by which inflammatory responses can be modulated
through differing ratios of n-3 and n-6 PUFA. Human inflam-
matory cells typically contain high proportions of arachidonic
acid and low proportions of n-3 PUFA. The primary effect of
n-3 PUFA is likely to be through a modulation of the amounts
and types of eicosanoid made. Feeding sources of n-3 fatty
acids results in a partial replacement of arachidonic acid in
inflammatory cell membranes by EPA. This change leads to
a decreased production of arachidonic acid-derived mediators
that regulate the activities of inflammatory cells and the pro-
duction of cytokines. n-3 fatty acids thereby act as arachidonic
acid antagonists, decreasing the amount of arachidonic acid in
cell membranes that is available for eicosanoid production.

As well as this direct mechanism for anti-inflammatory
effects, there is increasing evidence that n-3 PUFA may
have an indirect action mediated through TNF-a and NF-kB
production (Babcock et al. 2002). A direct link between NF-
kB production, inflammation and cancer has been demon-
strated by Greten et al. (2004). Proinflammatory cytokines
trigger NF-kB activation via the IkB kinase (IKK) complex.
In an elegant work, Greten et al. (2004), using a colitis-associ-
ated cancer model, demonstrated that the deletion of IKKf in
intestinal epithelial cells led to a dramatic decrease in tumour
incidence. Deleting IKKf in myeloid cells, however, also
resulted in a significant decrease in tumour size. They there-
fore concluded that specific inactivation of the IKK/NF-kB
pathway in two different cell types attenuated the formation
of inflammation-associated tumours and directly linked
inflammation to cancer. We can thus conclude that a nutri-
tional control of inflammation status may directly affect coli-
tis-associated cancer.

In the present study, UC patients consumed less water than
healthy controls but more coffee, tea and other caffeine-con-
taining liquids. In this regard, Lubin et al. (1997) have
reported that a high water intake is significantly and nega-
tively associated with the development of colorectal adenoma.
Furthermore, high coffee consumption has been correlated
with an increased risk of colorectal cancer in some studies
(Potter et al. 1993, Terryl et al. 1998).

Cumulatively, the nutritional evidence provided in this
study confirms previous findings in that the dietary habits

adopted by UC patients concur with those of populations
who are at high risk of developing colorectal cancer.

We hypothesised that if the nutritional intake of UC patients
correlated to a higher risk of colorectal tumorigenesis, the
molecular features typical of pre-cancer or proper neoplastic
stages might be evident. We therefore performed molecular
analyses in these populations and correlated them to the nutri-
tional assessments of their food intake.

The calculated CI of chromosomel7 was significantly lower
in the colonic tissues of UC patients than in healthy controls,
confirming a greater degree of aneuploidy in tissues from
patients with UC. Aneuploidy has been described in mucosal
biopsies from premalignant conditions in the colon, such as
UC dysplasia (Ahnen, 1992; Markowitz et al. 1997), and
long-standing UC (Levins et al. 1991). A 10-year follow-up
study (Befrits et al. 1994) revealed that DNA aneuploidy in
chronic UC appeared to be stable and might precede histologi-
cal dysplasia by many years. It also appeared to be an
additional marker for detecting neoplastic transformation in
UC patients (Levins ef al. 1991; Lofberg et al. 1992; Porshen
et al. 1992; Rubin et al. 1992; Lindberg et al. 1999) that cor-
relates with histological studies.

To our knowledge, this is the first time that nutritional and
molecular assessments have been correlated. Our results show
a strong correlation between daily nutrient intake and CI level.
We found a strong negative correlation between fat intake and
CI, whereas a strong positive correlation was observed with
the intake of dietary fibre, Ca, vitamin A, vitamin C and folic
acid. Food consumption evaluated by food-exchange lists also
showed a statistically significant correlation with respect to the
intake of all food groups. A positive correlation was found
between CI and the consumption of fruits, vegetables, legumes,
vegetable protein and milk. Negative correlations between
diploidy and food groups included the consumption of sugars
and simple carbohydrates (‘Extras’), meat and cereals.

In conclusion, the results of our study suggest that the food
intake of UC patients at all disease stages may affect key cel-
lular components in the colonic tissue, cause genomic instabil-
ity and aneuploidy, and enhance the predisposition of these
patients to colon cancer. The phenomenon described of a
closed cycle in which the disease dictates a diet that aggra-
vates the disease should be addressed in future studies.
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