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of Rectal

Mucosa

in

usually
treated
long-term
with sulfapyridine
(SASP),
a drug
that impairs
the absorption
of folates
(6). A retrospective
casecontrol
study suggests
that the administration
of folic acid can
reverse
or slow the progression
of precancer
in the colorectal
mucosa
of UC patients
(7). To verify the possible
chemoprevention
action
of folic acid on colorectal
cancer
in UC we
carried
out a prospective
study
on patients
affected
by this
disease
for more than 7 years. The intermediate
endpoint
of the
study has been the regression
of cell proliferation
abnormalities
usually
observed
in rectal mucosa
affected
by UC (8).

Abstract
It has been suggested
that colon cancer
risk in ulcerative
colitis
(UC) is correlated
to a reduced
bioavailabffity
of
folate.
We studied
the effects
of folate supplementation
on
the pattern
of rectal
cell proliferation
in patients
affected
by long-standing
UC. In the rectal
mucosa
of these
patients,
an expansion
of proliferating
cells to the crypt
surface
is found
frequently.
This abnormality
is
considered
an intermediate
biomarker
in
chemoprevention
trials.
Twenty-four
patients
(13 males;
age, 26-70
years;
UC duration,
7-34 years)
with UC in
remission
for 1 month
at least were assigned
randomly
to
one of the following
treatments:
(a) folinic
acid (15 mg/
day) or (b) placebo.
Cell proliferation
was analyzed
through
inununohistochemistry
on sections
of rectal
biopsies
incubated
for 1 hour in a culture
medium
containing
bromodeoxyuridine.
Fragments
were taken
at
admission
to the study and after 3 months
of treatment.
As compared
to the baseline
values,
after 3 months
of
therapy
in patients
treated
with folimc
acid, a significant
reduction
of the frequency
of occurrence
of labeled
cells
in the upper
40% of the crypts
(4th value)
was observed
(0.1836 ± 0.0278
versus
0.1023
± 0.0255;
P < 0.01). On
the contrary,
no significant
proliferative
changes
were
observed
in the placebo
group.
These
results
suggest
that
folate supplementation
contributes
to regulating
rectal
cell proliferation
in patients
with long-standing
UC.
These
findings
may be significant
for chemoprevention
of
colon cancer
in these patients.
Introduction
UC3 is a disease
colorectal
cancer

that
(1-5).

predisposes
Patients

one to the development
affected
by this disease

of
are
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Materials

and

Methods

Study Design.
The study was double-blind
double-dummy
study
comparing
the effects of folinic acid versus
placebo
in patients
affected
by long-standing
UC for more than 7 years.
Before
admission
to the study, patients
underwent
proctoscopy
and biopsies to evaluate
histology
and cell proliferation
of the rectal mucosa (see below).
After endoscopy,
they were randomly
assigned
to one of the following
treatments:
(a) folimc
acid (as calcium
folate: Citofolin,
Bracco
S.p.A, Milano,
Italy), 15 mg once a day
p.0,
and (b) undistinguishable
placebo once a day p.o. The duration
of the treatment
was 3 months.
Patients were invited not to change
their lifestyle
and dietary habits during this period.
Patients.
Thirty patients affected
by long-standing
(more than 7
years) disease
were invited
to take part in the study. Informed
consent
was obtained
from all of the patients.
Exclusion
criteria
were previous
or in-course
treatment
with folic acid, detection
of
precancer
in colorectal
mucosa,
pregnancy,
and relapse
of the
disease.
All eligible
patients
were in remission
for more than 1
month. During the study, six patients
had an acute relapse of the
disease;
they were excluded
and not replaced.
Table 1 shows the
clinical
features
of the 24 patients
who concluded
the study.
Thirteen
patients
were randomly
assigned
to the active arm of the
folinic acid of the treatment
and 11 to the placebo
treatment.
Endoscopy
and Biopsies.
Proctoscopy
was carried out without
any bowel-cleaning
preparation.
During
endoscopy,
six biopsies
were taken from flat mucosa
10-15 cm from the anal verge using
biopsy miniforceps.
Two biopsies
were immediately
fixed in 10%
buffered
formalin
for routine histological
examination.
The histological activity of ulcerative
colitis was evaluated
according
to the
classification
of Truelove
and Richards
(9).
Cell Kinetics.
The remaining
four specimens
were cut in 1
mm-thick
fragments
and oriented
mucosal
side up on filter
paper in small Petri dishes.
The culture
medium
was Eagle’s
basic solution
supplemented
by 10% FCS plus (BrdUrd)
in a
concentration
of 320 ,isi/l. The dishes
were placed
in a rolling
chamber
at 37#{176}C
for 1 h with an atmosphere
of 95% 02 and 5%
CO2. After the incubation,
the specimens
were fixed in ethanol
70#{176},
dehydrated,
and embedded
in paraffin
according
to routine
histologic
procedures.
Nonconsecutive
3-pm sections
were cut
and mounted
on the slides to obtain samples
of different
crypts.
The slides
were processed
with the avidin-biotin
peroxidase
complex
technique
(Vectastain
ABC kit; Vector
Laboratories)
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Table

1

Clinical

features

of patients

under
Folate

Mean

age

(range)

40.5

Sex

S males,

Extension

of colitis

7 total,

Mean

duration

of colitis

in months

Mean

duration

of SASP

use

Mean

duration

of remission

(range)

in months
of colitis

(range)
in months

Table

2

Cell

Folate
Base
Number

of crypts

Number

of cells

Labeling

index

17.9

examined
per crypt

48.72

Overall

0.0931

b
C

p
p

<
<

8 males,
6 total,

(84-216)

190.5

(24-216)

134.1

groups

(1-60)

of patients

13.1

under

14.6
55.02

±

17.2

3.83

51.71

±

group
After

1.0

± 1.66

58.02

±

1.7

± 2.58

±

0.0107

± 0.016

0.095

± 0.012

0.097

±

0.016

Compartment

2

0.156

± 0.01 1

0.136

±

0.016

0.191

±

0.020

0.152

±

0.020

Compartment

3

0.131

± 0.01 1

0.093

± 0.015

0.164

±

0.019

0.108

±

0015b

Compartment

4

0.079

±

0.014

0.036

±

0.071

±

0.014

0.038

±

0.010

Compartment

5

0.014

± 0.005

0.003

± 0.002”

0.014

± 0.005

0.012

± 0.006

0.1023

± 0.0255

0.1502

1 10.77

± 24.82c

0.1836
(serum,

ng/ml)

Folate

level

(RBCs,

ng/ml)

are expressed
as mean
0.05 versus
base.
0.01 versus
base.

6.12
591.31

±

0.0278

± 1.25
± 59.23

4845.79

731.81

±

0.0243

±

2.05

± 120.04

0.1087
10.60
1064.29

±

0.0285

± 1.92
± 235.56

± SE.

using an anti-BrdUrd
monoclonal
antibody
(Becton-Dickinson)
at a 1:100 dilution
in PBS. Denaturation
ofDNA
was done prior
to immunohistochemical
procedure
with 2N HC1 for 20 mm at
37#{176}C.
Finally,
slides were stained
with diaminobenzidine
solution
(Sigma
Chemical
Co.) and weakly
counterstained
with
hematoxylin.
For cell kinetics
evaluation,
each crypt was divided
into
five compartments
of equal size. The compartments
were referred to by ordinal
numbers
from 1 (bottom)
to 5 (surface).
For
each case, the BrdUrd
Labeling
Index (LI), both overall
and for
each compartment,
and the BrdUrd-labeled
cell frequency
in
the upper 40% of the crypts (“4h”
value) were evaluated.
This
zone, corresponding
to compartments
4 and 5, represents
the
area in which the greatest
differences
in proliferating
cell distribution
between
population
groups
at low and high risk for
colon cancer
have been observed
(10).
Folate
Assay.
A fasting
venous
blood sample
was drawn in the
morning
at the admission
and at the end of the study. Plasma
and RBC folate
concentration
were measured
according
to a
previously
described
method
(1 1). Briefly,
blood samples
were
collected
into tubes containing
EDTA.
Plasma
was separated
by
centrifugation.
For RBC folate
evaluation,
100 p.1 of EDTA
whole
blood
was mixed
with 2.0 ml of freshly
prepared
1%
ascorbic
acid solution
to lyse the cells. Both plasma
and hemolysate
were protected
from light by a black paper and immediately
stored
at -20#{176}Cuntil assays
were performed
using
the radioimmunoassay
method
(Solid Phase No Boil Folic acid
kit, Diagnostic
Products
Corp.,
Los Angeles,
CA). RBC folic
acid concentration
was calculated
by the equation:

I
RBC=21XTF-

± 649.04’

7.82

0.0813

3 months

0.095

l

± 0.0109

13.8

± 0.009

0.01

0.1071

(24-348)
(1-37)

0.086

level

± 0.0077

(86-408)

study”

Base

± 1.5

S females

1

Folate

0.0728

3 months

group
(3 1-70)
7 left-sided

141.3

Placebo

± 0.7

± 0.0066

6 females

group
After

± 2.28

50.4

Compartment

4Is

a Data

in the two

Placebo

4 left-sided

19.9

parameters

group
(26-61)

105.4
(range)

kinetics

study

PFX

lOO-Ht\
100

100

where
TF = total blood
folate
concentration,
PF = plasma
folate concentrations,
Ht = hematocrit,
and 21 is the dilution
factor.
Normal
values
were 3-17 ng/ml for plasma
folate and
150-600
ng/ml for RBC folate.
Statistical
Analysis.
The Mann-Whitney
U
and Student’s
tests were carried out to compare
cell kinetics
data in the folinic
acid and placebo
groups.
Overall
LI and the 4h value
were
compared
in each
group
before
and after
treatments.
Age,
duration
of the disease,
and duration
of SASP assumption
were
compared
for the two arms of the study by means of ANOVA.

Results
No differences
were found
in age, duration
of the disease,
duration
of the remission,
and period
of SASP
assumption
in
the two arms. Acute inflammation
of the mucosa
was absent in
all rectal biopsies
before and after the treatment.
No differences
were found
at the baseline
between
the folic acid and the
placebo
group in the number
of the crypts examined,
the overall
LI, and the 4h value (Table 2). The mean baseline
values of the
red cell folate was also similar
in both groups.
After the treatments,
no significant
variations
of the overall LI were observed
in comparison
to basal
values.
On the
contrary,
a significant
reduction
of both LIs in compartments
4
and 5 (P < 0.05) and 4th values
(P < 0.01) in comparison
to
basal data were observed
after treatment
in patients
who received
folic acid. Changes
in this parameter
were not observed
after placebo
administration.
After 3 months
of folic acid supplementation,
the levels
of both RBC and serum
folate
were
increased
significantly
in the active
treatment
arm, whereas
they were only slightly
changed
in the placebo
group.
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Discussion
Some evidence
in the literature
supports
the hypothesis
of a protective role of folate toward
cancer.
Experimental
studies
show
that the supplemntation
of folic acid stabilizes
the DNA in rats
treated with methylazoxymethanol
(12), whereas
folate deficiency
facilitates
the development
of cancer after exposure
to chemical
carcinogens
(13). Epidemiological
reports
indicate
an inverse
relationship
between
dietary folate intake and colorectal
cancer (14,
15). In humans,
oral supplementation
of folic acid, 10 mg once a
day for 3 months,
can reverse
cervical
dysplasia
(16). Moreover,
bronchial
squamous
metaplasia
improves
in smokers
treated with
folate (17), nd the development
of colorectal
adenomas
seems to
be inhibited
by folate assumption
(18).
In a retrospective
study,
Lashner
et a!. indicate
that UC
patients
with colorectal
precancer
or cancer
showed
lower
serum
folate
levels than UC patients
without
malignancy
(7).
These observations
suggest
that folic acid supplementation
may
be useful to control
the risk of colorectal
cancer in the disease.
Our results
are consistent
with this hypothesis.
The statistically
significant
decre4se
in the frequency
of occurrence
of
proliferating
cells in the upper 40% of the crypt (4h) suggests
that folate supplementation
is effective
in reducing
cell proliferation
abnormalities
in the rectal mucosa
of patients
with UC.
An expansion
of the proliferative
compartment
is one of the
earliest
changes
occurring
during
induction
of colonic
adenocarcinomas
in mice by l,2-dimethylhydrazine
(19). This abnormality
is also observed
in flat mucosa
of patients
with
colorectal
neoplasias,
suggesting
that it is a step on a common
pathway
that leads to increasing
cellular
atypia
and malignant
transformation
(20). Thus, this abnormality
has been regarded
as an intermediate
biomarker
for determination
of the effectiveness
of nutritional
intervention
therapy
(21).
Other substances,
such as calcium,
vitamins,
and w-3 fatty
acids are all able to normalize
the cell proliferation
pattern in the
rectal mucosa of patients at high risk of colorectal
cancer (22-24).
These substances
are considered
to have a “protective”
action, and
they are proposed
for Phase ifi chemoprevention
trials.
Folic acid is an important
coenzyme
in purine and pyrimidine synthesis
as well as in aminoacid
metabolism,
methylation of biogenic
amines
and the initiation
of protein
synthesis
(25, 26). These
properties
are related
to DNA
synthesis
and
may, at least in part, explain
our results.
SASP
administration
can affect
the absorption
of folate
(6). Some suggest
that this may be pathogenetic
pathway
contributing
to colorectal
carcinogenesis
in UC (7). In our patients,
the duration
of assumption
of SASP
was extremely
variable.
Moreover,
some patients
ceased
the assumption
of SASP 5everal years before
admission
to the study, so the possible
implications
of SASP
intake on the our results
is questionable.
We believe
that this observation
does not change
the rulevance of the obtained
data. Intrinsic
properties
of folic acid may
control cell proliferation.
We believe that our results, derived from
a prospective
study, could be useful for the development
of strutegies for the control of colorectal
cancer in UC.
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