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Abstract

The role of Fhit protein in the oncogenesis of colorectal cancer is still in debate. Recent studies have revealed that reduced Fhit
protein expression is associated with a deficiency of the mismatch repair protein. One hundred and twenty unselected patients who
underwent curative resection for sporadic colorectal cancer in a three-year period were evaluated for microsatellite instability (MSI)
using six microsatellite markers, and for the presence of Fhit and mismatch repair (MMR) proteins (Mlh1l and Msh2) by means of
immunostaining. The relations between these markers were analysed. Reduced or absent Fhit expression was noted in 18 out of 118
patients. This altered expression was significantly higher in right-sided cancer (P = 0.005), mucinous tumours (P = 0.005) and in
poorly differentiated histological types (P = 0.0001). MSI was found in 22 out of 109 patients, more so in right-sided cancer
(P =0.0001), poorly differentiated histology (P = 0.0001), and mucinous tumours (P = 0.0001). No association was found with
TNM stage. MSI was present in 66.7% of tumours with altered Fhit expression and in only 10% of tumours with preserved or
intermediate Fhit expression (P = 0.0001). Of the tumours with reduced or absent Fhit expression, 72.2% had loss of nuclear Mlh1
or Msh2 expression compared with only 14% of the preserved or intermediate Fhit expression tumours (P = 0.0001). These results
support the hypothesis that deficiency in a MMR gene could be a cause of the high frequency of alterations in Fhit expression, and
they permit the suggestion that FHIT gene alteration may be part of the genetic pathway involving MSI through which some
colorectal cancers arise.
© 2004 Elsevier Ltd. All rights reserved.
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1. Introduction FRA3B site, and is an example of a relatively well-
studied gene located in a constitutively fragile region [3].

The short arm of chromosome 3 has been an im- Fragile sites are chromosomal structures that have

portant topic for many investigators as a potential tu-
mour-suppressor gene site [1,2]. Recently, the FHIT
(fragile histidine triad) gene has been cloned and map-
ped at 3pl4.2 [3]. The FHIT gene is located at the
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been proposed as having a determining role in cancer-
associated chromosomal instability and may affect the
function of genes encoded in those chromosome regions.
Common fragile sites are FRA3B and FRA16D, which
have been found to be the most frequently expressed of
the more than 80 common chromosomal fragile sites
described. Allelic losses and chromosomal fragility affect
the chromosome 16 region spanned by WIWOX, which
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behaves as a potent suppressor of tumour growth, sug-
gesting that abnormalities affecting this gene at the ge-
nomic and transcriptional level may be of relevance in
carcinogenesis [4]. Another common fragile site, FRA7G,
has also been shown to be located within an approxi-
mately 1 Mb region of frequent deletion in breast and
prostate cancer [5], as well as squamous cell carcinomas
of the head and neck, renal cell carcinomas, ovarian ad-
enocarcinomas and colon carcinomas.

Numerous recent studies have strengthened the po-
sition of the FHIT gene as a tumour-suppressor gene,
including the demonstration of inhibition of tumouri-
genicity in nude mice by exogenous Fhit protein ex-
pression [6] and the induction of apoptosis in cancer
cells by over-expression of exogenous Fhit [7-9].

The FHIT gene is composed of 10 exons that span a
1.8 Mb genome region, of which only exons 5-9 are
protein coding. Fhit protein expression is detected in
epithelial cells in most human and mouse tissues [3,10].
In higher eukaryotes, Fhit may reduce the intracellular
content of diadenosine triphosphate by binding to it and
inducing its hydrolysis [11]. A role of diadenosine tri-
phosphate in the growth control of cells has been sug-
gested [11]. Abnormalities in the FHIT gene and/or its
expression have been identified in a variety of human
cancer cell lines and tumour tissues, including lung [12],
breast [13], head-and-neck [14], oesophageal [15], gastric
[16], pancreatic [17], renal [18], and cervical [19] cancer.
The clinicopathological significance of FHIT gene al-
terations in colorectal cancer has yet to be clearly elu-
cidated. Ohta et al. [3] report the presence of initially
aberrant transcripts of the FHIT gene in three out of
eight (38%) colorectal cancer cases. In addition, several
reports have described the important role that the FHIT
gene has in the oncogenesis or the progression of colo-
rectal cancer [20-22]. In contrast, Thiagalingam et al.
[23] concluded that there is no evidence that the FHIT
gene is involved in colorectal carcinogenesis.

Recent data have revealed that reduced Fhit protein
expression is associated with mismatch repair (MMR)
deficiency in human advanced colorectal carcinoma [24].

In this study, we examined the immunohistochemical
expression of Fhit, Msh2, and Mlhl in 120 colorectal
cancers, and we analysed the relation of our results to
clinicopathological data.

2. Patients and methods
2.1. Study population

The study population consisted of 133 unselected
consecutive patients who had undergone curative colo-
rectal resection for sporadic colorectal cancer between
July 1996 and April 1999. All cases were deemed spo-

radic, based on the absence of relevant family history as
recorded prospectively at initial patient interview.

A curative operation was defined as one in which no
macroscopic tumour remained at the end of surgery and
in which histopathological examination of the operative
specimen showed no tumour at the margins of resection.
Distant metastases at the time of resection were ex-
cluded by preoperative liver ultrasonography, chest ra-
diographs and intraoperative exploration. During the
study period, a uniform surgical management protocol
was in place.

13 patients were excluded on the basis of insufficient
tissue for analysis, missing sections or lack of correlation
between histology and section available, leaving 120
patients for study. The ages of the 63 male and 57 female
patients ranged from 33 to 94 years (meanzSD:
71.1 £11.99 years). In accordance with the classification
of tumours by the World Health Organization [25], we
defined 50 tumours as mucinous since 50% or more of
the tumour displayed the specific cell type; the other 70
tumours were classified as ‘adenocarcinoma, not other-
wise specified’. Seventy-seven tumours were described as
well- or moderately differentiated, and 43 as poorly
differentiated. Fifty cases involved right-sided tumours
and 70 cases involved left-sided tumours.

Right-sided lesions were defined as those confined to
the caecum or ascending or transverse colon; left-sided
lesions were defined as those confined to the descending
colon, sigmoid colon or rectum.

Tumours were staged in accordance with the TNM
system [26]: 11 were at stage I, 58 at stage II, 31 at stage
III and 20 at stage IV.

All specimens underwent histopathological review by
a single gastrointestinal pathologist (B.C.), who was
unaware of the results of molecular genetic and immu-
nohistochemical analysis.

Ethical approval for the study was obtained from the
human ethics committee of the University of Parma.

2.2. DNA preparation, loss of heterozygosity and micro-
satellite instability testing

These evaluations had been done previously, for a
study whose results have not yet been published.

Specimens of freshly resected colorectal carcinomas
were snap-frozen in liquid nitrogen and subsequently
stored at —80 °C. In all cases, fresh specimens of normal
colon mucosa were also collected and used as matching
controls.

Only tumour samples containing at least 80% of
neoplastic cells were included in the study. To verify this
condition, one 10 um-thick cryostat section from each
tumour sample was stained with haematoxylin and mi-
croscopically examined by a pathologist. Fifteen to 25
cryostat sections (20 pm-thick) from the tumours in-
cluded in the study and from matching normal samples
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were submitted to DNA extraction by QIAGEN
DNeasy tissue kit (Qiagen, Hilden, Germany).

2.3. Polymerase chain reaction (PCR)

A panel of six polymorphic microsatellite markers
located on chromosomal regions potentially involved in
colon carcinoma development and progression was uti-
lised, comprising D18S58 (18q22-23), D18S61 (18q22)
[27], BAT26 (2p16), BAT40 (1p13) [28], D8S254 (8p22)
[29] and D4S2397(4p14-16) [30].

Primer sequences and amplification conditions were
in accordance with the Genome Database information
(http://www.gdb.org).

The target sequences in normal and tumour DNA
were amplified by PCR in a 25 pl reaction mixture
containing 2 pl DNA sample, 10x buffer (10 mM Tris—
HCI pH 9.0, 50 mM KCl, 0.1% Triton X-100), 1.5 mM
MgCl,, 0.2 mM of each dANTP (Promega, Madison,
WI), 0.4 uM of each primer and 1.25 U Tag polymerase
(Promega, Madison, WI). Each forward primer was
coupled with the fluorescent dye TET (4,7,2/,7 -tetra-
chloro-6-carboxyfluorescein) (Applied Biosystems, Fos-
ter City, CA). Microsatellites were submitted to 35-40
cycles of amplification in a PTC-100™ thermal cycler
(MJ Research Inc., Waltham, MA) at different anneal-
ing temperatures: 61 °C for D18S58, 55 °C for D18S61
and BAT40, 49 °C for BAT26, and 57 °C for D8S254
and D4S2397. The presence and correct size of ampli-
mers were evaluated by 2% agarose gel electrophoresis.

2.4. Fragment analysis

Amplimers were separated in a 6% polyacrylamide
denaturing gel (Long Ranger, BMA, Rockland, ME)
using the GenomyxLR™ DNA sequencer (Beckman
Coulter, Fullerton, CA). A portion (1.5 pul) of each PCR
product was mixed with 1.5 1 of blue dextran loading
solution (Promega). After 5 min of denaturation at 95 °C,
2 ul of the mix were loaded on to the gel and subsequently
run for 2 h at 2750 V, 125 W and 50 °C. At the end of the
electrophoretic run, the fluorescent signals were auto-
matically collected by a GenomyxSC™ scanner and fur-
ther analysed with the ClaritySC™ image-analysis
software (Beckman Coulter), which generates electrop-
heretograms in which alleles appear as peaks. Height and
area of the peaks calculated by the software are propor-
tional to the concentration of the alleles in the sample.

2.5. Loss of heterozygosity (LOH)

The presence of two alleles in normal tissue was the
necessary condition for evaluation of allelic losses.

The following ratio was calculated on the basis of
peak-area data: (lower allele/higher allele)y,,/(lower al-

lele/higher allele)yorm. Values < 0.6 (allelic imbalance
> 40%) were considered as indicative of LOH.

Cases in which the normal DNA sample was homo-
zygous were classified as non-informative. The ratio of
allele peak areas calculated for each tumour sample was
divided by the allele peak-area ratio of the normal
matching control and, if above 1.00, converted to give a
result ranging from 0.00 to 1.00. Ratios below 0.6, in-
dicating at least a 40% reduction of a tumour allele, were
indicative of an allelic loss [31].

2.6. Microsatellite instability (MSI)

The novel appearance in the tumour DNA of one or
more alleles, i.e. new peaks in the electrophoretogram,
not present in its paired normal DNA, was the indicator
of MSI [32].

Tumours were classified as demonstrating high-fre-
quency MSI (MSI-H) when instability was detected in at
least 30% of the interpretable microsatellite markers
investigated, or as low-frequency MSI (MSI-L) when
instability was found in less than 30% of the markers, in
accordance with international criteria [33]. Tumours
without MSI were defined as microsatellite stable (MSS)
[33]. For the purposes of this study, MSS and MSI-L
cases were considered together [32].

2.7. Immunohistochemical staining

The specimens containing tumour and normal glands
were routinely fixed in buffered formalin and embedded
in paraffin. Sections (5 um) were stained with haemat-
oxylin and eosin for histological diagnosis and with the
following primary monoclonal antibodies: anti-hmsh2
(Clone FE11; Oncogene Research Products, Cambridge,
Massachusetts, USA; working dilution: 1/20); anti-
hmlhl (clone G168-728; Pharmingen, San Diego, Cali-
fornia, USA working dilution: 1/75) and with the rabbit
anti-Fhit clone (Polyclonal-ZR44; Zymed Laboratories,
San Francisco, California, USA, working dilution:
1/50). Antibody hmlhl recognises the full-length re-
combinant human hmlhl protein (83 kDa), and hmsh2
antibody (clone FE11) reacts with the carboxyterminal
region of the hmsh2 protein. Anti-Fhit antiserum detects
full length (=17 kDa) Fhit protein in cell and tissue ly-
sates derived from man and rat.

The antibodies, clones, sources, pretreatments,
working dilutions, incubation time and localisation of
the immunostaining are listed in Table 1.

For antigen retrieval, sections were treated with 10
mM citrate at pH 6.0 in a 750 W microwave oven for
three 5-min cycles. The sections were immunostained
with a streptavidin-biotin kit (LSAB2; Dako) in accor-
dance with the manufacturer’s specifications and
counterstained with haematoxylin. Positive internal
controls were the normal glands and the intestinal
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Table 1

Antibodies, clones, pretreatments, working dilutions, incubation time and localisation of the immunostaining
Antibodies Clone Pretreatment Dilution Staining Incubation
hMLHI1 G168-728 Citrate buffer, MW 1:75 Nuclei Overnight
hMSH2 FE11 Citrate buffer, MW 1:20 Nuclei Overnight
FHIT Pab- ZR744 Citrate buffer, MW 1:50 Cytoplasm Overnight

MW, microwave oven.

crypts. Negative controls consisted of substituting nor-
mal mouse serum for the primary antibodies.

2.8. Semiquantitative analysis

Immunostaining for hmsh2 (nuclear) and hmlhl
(nuclear) and Fhit (cytoplasmic) was estimated on a
semiquantitative score according to the number of po-
sitive tumour cells as follows: 0% (0), <10% (1), 10-50%
(2), 51-80% (3), or >80% (4). The intensity of staining
was also evaluated as weak (1+), moderate (2+) or
strong (3+). For each tumour case, the values for the
two variables were multiplied, resulting in scores rang-
ing from 0 to 12 [34]. For the purposes of the study,
staining of tumour nuclei for hmlhl and hmsh2, and
cytoplasm for Fhit, was evaluated as absent (no protein)
or present (any evidence). The 0—6 scores were consid-
ered as altered expression, and 7-12 as preserved
expression.

In addition, among tumours with preserved gene ex-
pression, two groups were distinguished, with low
(<50% of positive cells, or scores of 1-6) and high
(>50%, or scores of 8-12) expression, respectively.

For Fhit, cytoplasmic staining scores of 9—-12 were
defined as a strong staining pattern, since there was little
difference compared with normal mucosa; scores of 68
were defined as an intermediate or heterogeneous
staining pattern, and scores of 0-5 were defined as
markedly reduced or lost expression [35]. In addition,
the scores of 9—12 and 6-8 were analysed together, since
they signify preserved gene expression.

2.9. Statistical analysis

Contingency tables and the y> test were used to
evaluate differences between percentages.

The significance level was set at P = 0.05 and confi-
dence intervals were set at 95%.
3. Results
3.1. Fhit expression

On immunohistochemical staining, all the normal

colonic epithelia showed strong cytoplasmic expression
of the Fhit protein from the basal cells to the luminal

differentiated cells; these served as internal controls.
Smooth muscle cells and inflammatory mononuclear
cells were positive with varying intensity and extension.

In two cases, the immunohistochemical staining of
colorectal cancer cells could not be evaluated. Reduced
or absent Fhit expression was noted in 18 of the re-
maining 118 (15.3%) colorectal cancer cases, preserved
in 81 (68.6%) colorectal cancers, and intermediate in 19
(16.1%).

When the relation between these results and the
clinicopathological data (age and sex of patients, tu-
mour location, histological type, grading, stage) was
analysed, decreased or absent staining for Fhit was de-
tected in 26% of right-sided lesions vs. 7% of left-sided
lesions (P = 0.005), in 26% of mucinous tumours vs. 7%
of not otherwise specified adenocarcinomas (P = 0.005),
and in 38% of poorly differentiated cancers vs. 3% of
well- or moderately differentiated cancers (P = 0.0001)
(Table 2). No significant associations were found be-
tween the Fhit expression and other clinicopathological
variables (Table 2).

3.2. Correlation of FHIT expression with MSI and MMR
gene expression

Of the 109 tumour specimens evaluated for MSI, 22
(20%) showed MSI-H. MSI-L was found in three (3%)
out of 109 cancers, which were categorised as MSS tu-
mours. MSI-H was more likely to be displayed by right-
sided tumours (P = 0.0001), by poorly differentiated
tumours (P = 0.0001), by mucinous aspect tumours
(P =0.0001) (Table 2), and in female patients
(P =0.031). No association was found between micro-
satellite status and the TNM stage of tumours (Table 2).
Among the tumours with reduced or absent Fhit ex-
pression, 66.7% (12 out of 18) had MSI compared with
only 10% (10 out of 100) of the preserved or interme-
diate Fhit expression tumours (P = 0.000).

The immunohistochemical expression of Mlhl by
colorectal cancer cells could not be evaluated in four
cases, and that of Msh2 in four cases. Of the 116 car-
cinomas, 28 (24.1%) had reduced expression of Mlhl
protein, whereas 12 (10.3%) had reduced expression of
Msh2 protein. Reduced expression of both proteins was
observed in 10 of the 114 (8.3%) specimens in which it
was possible to evaluate the expression of both genes
(Table 3). In addition, loss of nuclear Mlhl or Msh2
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Relation between Fhit, microsatellite instability (MSI), and mismatch repair (MMR) protein expression and clinicopathological findings in patients

with colorectal carcinoma

Fhit protein expression (118 tumours)

M1h1/Msh2°Expression
(114 tumours)

MSI (109 tumours)

Preserved® Reduced or absent® P + - P + - P

Sex

Male 55 49 10 7 50

Female 45 11 0.208 34 21 0.011 15 37 0.031
Tumour localisation

Right-sided 37 13 27 22 17 28

Left-sided 63 5 0.005 56 9 0.000 5 59 0.0001
Histological type

Mucinous 37 13 30 19 17 28

ADK 63 5 0.005 53 12 0.016 5 59 0.0001
Grading

Good-moderate 74 2 66 9 4 64

Poor 26 16 0.0001 17 22 0.0001 18 23 0.0001
TNM stage

1 7 3 8 2 2 8

11 49 8 34 20 15 40

111 28 3 27 3 2 24

v 16 4 0417 14 5 0.059 3 15 0.224

2 Preserved: score 12-6; reduced or absent: score 5-0.
°Presence (+) or absence (=) of either one or both Mlhl and Msh2.

Table 3
Relation between Fhit and MMR protein expression, and MSI in 103 cases of colorectal carcinoma in which it was possible to evaluate all three
variables
n MSI Fhit expression
+ - Preserved intermediate Reduced or absent

Mih1 (+), Msh2 (+) 75 2 73 70 5

Mih1 (-), Msh2 (+) 18 13 5 11 7

Mih1 (+), Msh2 (-) 1 1 0 0 1

Mih1 (-), Msh2 (-) 9 6 3 5 4

Reduced Fhit expression is associated with loss of MMR expression: P = 0.0001. Reduced Fhit expression is associated with MSI: P = 0.0001.

Loss of MMR expression is associated with MSI: P = 0.0001.

expression was more frequently associated with poor
differentiation (P = 0.0001), mucinous histology
(P =0.0001) and right-sided location (P = 0.0001)
(Table 2). However, there was no significant difference in
other clinicopathological variables (Table 2). Among the
tumours with reduced or absent Fhit expression, 72.2%
(13 out of 18) had loss of nuclear Mlhl or Msh2 ex-
pression compared with only 14.2% (16 out of 112) of
the preserved or intermediate Fhit expression tumours
(P =0.0001) (Table 3).

4. Discussion
The results of several studies [19,21] have indicated

that FHIT gene alterations can be simply but reliably
detected by immunohistochemical analysis of tumour

specimens. In this study, we observed markedly reduced
expression of Fhit protein in 15% of colorectal cancers,
a frequency lower than that observed by others
[21,22,24]. Significant differences in the frequency of
abnormal Fhit expression have been reported in the
recent literature [21,22,24,36]. Differences in patient se-
lection procedures may account for these discordant
results. In our study, patients affected by sporadic co-
lorectal cancer were selected on the basis of the absence
of relevant family history. In contrast, in the study by
Andachi et al. [24], family history was not an exclusion
criterion, and some cases of hereditary non-polyposis
colorectal cancer (HNPCC) may have been included in
the study population. A higher frequency of Fhit protein
expression loss or reduction in HNPCC compared to
sporadic cases has been observed [37]. In the study by
Hao et al. [21], patients with familiar adenomatosis
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polypi were included. The distribution of clinicopatho-
logical factors (tumour location, histological differenti-
ation, stage) differed in the various studies. On the other
hand, the frequency of abnormal MMR protein ex-
pression in the study of Andachi et al. [24] was higher
than that usually reported in the literature [38].

The results of the present study, in agreement with
those of recent publications [21,22,24], suggest that loss
of FHIT gene expression is associated with decreasing
degrees of differentiation in colorectal cancers. Similar
losses of FHIT function have been associated with grade
in lung cancer [12]. Markedly reduced FHIT expression
was significantly more frequent in the right-sided colo-
rectal cancers and in mucinous tumours. This correla-
tion has not been noted in any of the studies that up to
now have evaluated clinicopathological features and
FHIT gene expression in sporadic colorectal adenocar-
cinoma. In contrast, we found no correlation between
FHIT gene expression and the clinicopathological stage
of the tumour.

Recently, differences have been revealed in molecular
genetic features of cancer cells of the large bowel,
leading to the hypothesis that colorectal cancer arises
through at least two distinct genetic pathways, one in-
volving MSI and the other involving chromosomal in-
stability [39]. Microsatellites are distributed throughout
the genome, predominantly in non-coding regions.
When MSI affects the coding region of genes critical for
cell physiology, it may lead to loss of gene function, thus
contributing to malignant transformation [40]. This ge-
netic pathway has recently been described in hereditary
tumours, where MSI appears to be a good marker for
defects of the MMR genes, but it has also been sug-
gested in sporadic cancer [41]. High-frequency MSI oc-
curs in approximately 15% of sporadic cases of
colorectal cancers [41,42]. In the present study, high
MSI was detected in 20% of the colorectal cancers
studied. The presence of high MSI was closely associ-
ated with reduced Fhit expression (P = 0.0001).

In accordance with previous studies [41,42], colorec-
tal cancers with MSI were more frequent in right-sided,
mucinous adenocarcinomas and in poorly differentiated
tumours. The correlation between high tumour MSI and
reduced expression of Fhit protein may account for the
connections between the clinicopathological features of
tumours with MSI and those with reduced expression of
Fhit.

Among the known MMR genes, germline mutations
of hMLH1 (3p21-23) and hMSH2 (2p21-22) have been
predominantly associated with MSI in the Lynch II
HNPCC syndrome, but also in sporadic colorectal cancer
[43]. Previous studies have demonstrated that immuno-
histochemical analysis of Mlhl and Msh2 expression
could be an accurate and rapid screening procedure for
the identification of MMR gene alterations [44,45]. As
confirmation of this, in the present study, MMR defi-

ciency based on the status of Mlhl and MIh2 protein
expression was significantly associated with high MSI.
MMR deficiency was detected in 19 out of 22 (86%) co-
lorectal cancers with high MSI. Our data also show that
MMR deficiency based on the status of the Mlhl and
MIh2 protein expression is significantly associated with
reduced Fhit protein expression. Interestingly, one out of
two cases with MSI and without altered expression of
Mihl or Msh2 showed markedly reduced Fhit expres-
sion, and two out of eight cases with MMR deficiency
without MSI showed markedly reduced Fhit expression.

It has previously been observed that human pancre-
atic cancers and cell lines with high MSI frequently had
homozygous deletions of FHIT [46]. The Fhit-deficient
mouse tumours do not show MSI, and loss of Fhit ex-
pression plays a part in their Muir-Torre syndrome
(MTYS)-like disease; thus, it is unlikely that the mouse
syndrome involves MMR deficiency. If human and
mouse MTS cases arise through similar mechanisms,
then the FHIT gene may be a target for damage in a
fraction of MMR-deficient tumours, especially those
with MSH?2 deficiency, leading to Fhit protein loss and
clonal expansion of Fhit-negative cells. If Fhit inactiva-
tion is a frequent result of mismatch repair deficiency,
and a frequent pathway to MTS, then Fhit +/— mice
could be considered as being predisposed to MTS [47].

In conclusion, the results of the present study, in
combination with previous reports [48], support the
hypothesis that deficiency in an MMR gene could be a
cause of the high frequency of altered Fhit expression
observed our study, and they allow for the hypothesis
that FHIT gene alterations may be part of the genetic
pathway involving MSI, which is responsible for the
development of some colorectal cancers.
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