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Abstract

AIM: To detect the expression of fragile histidine triad
(FHIT) in normal colorectal tissue, colorectal adenoma
and colorectal cancer (CRC) tissue, and to analyze its
relationship with the clinicopathological features of CRC,
and apoptosis-associated proteins (Bcl-2, Bax, survivin)
and apoptosis in colorectal cancer.

METHODS: FHIT mRNA analysis was performed
by nested reverse transcription-polymerase chain
reaction (RT-PCR) assay. Tissue microarray (TMA) was
established to detect the expression of FHIT, Bcl-2,
Bax and survivin genes in 80 CRC tissue specimens, 16
colorectal adenoma tissue specimens and 16 hemorrhoid
(PPH) tissue specimens during the same period of
time as the control. Citrate-microwave-SP was used as
immunohistochemical method. The relationship between
clinicopathological factors, such as differentiation grades
and 5-year survival rate was observed. TUNEL assay
was used to detect the apoptosis index in 80 CRC tissue
specimens.

RESULTS: Ten out of 26 (38.5%) CRC tissue specimens

expressed aberrant FHIT transcripts, none of the
aberrant FHIT transcripts was observed in the matched
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normal tissue and colorectal adenoma tissue by nested
RT-PCR assay. The positive rate of FHIT gene expression
in normal colorectal tissue, colorectal adenoma and
carcinoma tissue was 93.75%, 68.75% and 46.25%,
respectively. Clinicopathological analysis of patients
showed that the decreased FHIT gene expression was
not associated with age, sex, serum CEA levels, tumor
site and size, histological classification. However, the
expression of FHIT was correlated with differentiation
grades, pathological stages, lymph node metastases
and 5-year survival rate after operation. The positive
rate of apoptosis-associated proteins (Bax, Bcl-2 and
survivin) in CRC tissue was 72.50%, 51.25% and
77.50%, respectively. The expression of these apoptosis-
associated proteins in CRC tissue was correlated with the
expression of FHIT. The mean apoptosis index in FHIT
negative tumors was significantly lower than that in FHIT
positive tumors (5.41 + 0.23 vs 0.56 = 0.10, P < 0.01).

CONCLUSION: The FHIT gene plays an important
role in the regulation of apoptosis and decreased
FHIT expression plays a key role in the initiation and
progression of colorectal carcinoma.
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INTRODUCTION

Colorectal cancer is the second leading cause of death
in the United States, where the cumulative lifetime risk
of developing colorectal cancer in both men and women
is 6%!". In China, colorectal cancer is the fourth leading
cause of death”,

The fragile histidine triad (FHIT) gene, is a tumor
suppressor gene located at the fragile site FRA3B on
chromosome 3p14.2 that can be identified by positional
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cloning, a region of the genome showing loss of
heterozygosity (LOH) in a variety of cancers™. FHIT
is involved in carcinogenesis of many human tissues,
including digestive tract tissue. The FHIT gene contains
an open reading frame (ORF) of 444 base pairs (bps)
encoding a protein of 147 amino acids, which appears to
be ubiquitously expressed in human tissues. Large deletions
within FHIT transcripts occur frequently in multiple
malignancies™. Most of the deletions described to date in
the FHIT gene involve loss of one or more coding exons
and lead to a truncated proteinm. Loss of FHIT protein
expression and abnormal FHIT transcripts, including
deletions and insertions of exons, have been found in lung
and breast cancers, as well as in head and neck cancers’ .
Ohta ¢ al” reported that aberrant transcripts of the FHIT
gene have been observedin 38% of CRC cases. It was also
reported that the FHIT gene plays an important role in
both oncogenesis and progression of CRC"". However,
Thiagalingam e# a/'” showed that there is no evidence that
the FHIT geneis involved in CRC carcinogenesis. The
clinicopathological significance of FHIT alterations in
CRC still remains uncleat.

The role of FHIT expression in the development of
colorectal cancer (CRC) is pootly understood. Recently,
tissue microarray (TMA) technique has been developed,
which can significantly increase the throughput of
immunohistochemistry (IHC) tumor analysis. TMA is
composed of a large number of small tissue cores punched
out from different tumors. These tissue core specimens
obtained from tissue blocks, are then arranged into a
single recipient paraffin block". This approach allows
analysis of a large number of different tumor samples in
one IHC experiment. Arrays as large as 1000 samples have
been reportedm. TMA can be used to test the prognostic
significance of antibodies against proteins encoded by
differentially expressed genes using a large number of
archival patient samples. Decreased p53 expression is
correlated with lymph node metastasis in CRC". In our
present study, an expanded repertoire of TMA technique
was used to demonstrate the novel relationship between
FHIT expression and clinicopathological factors, such as
differentiation, pathological stages, lymph node metastasis
and 5-year survival rate.

The presence of FHIT gene mutations correlates
significantly with decreased FHIT expression in human
CRC. Several well integrated biochemical subroutines
promote CRC cell growth and inhibit apoptosis, tipping
the balance of colon epithelial cells towards an unrestricted
proliferation and outliving the sequence of mutations
required for carcinogenesis. Apoptosis is essential for
successful embryonic development and maintenance of
normal tissue homeostasis'". The present study was to test
the hypothesis that decreased FHIT expression inhibits
apoptosis and decreases apoptosis-associated protein
expression, to characterize FHIT mRNA and protein
expression in normal colorectal tissue, and adenoma and
adenocarcinoma tissue, and to investigate the mechanism
of FHIT gene inactivation and its association with
apoptosis inhibition in the development and progression
of human CRC.

MATERIALS AND METHODS

Colorectal carcinoma tissue samples

Human colorectal tissue specimens were obtained from
patients at the Department of Gastrointestinal Surgery,
Affiliated Guangzhou First People’s Hospital, Guangzhou
Medical College, China, from January 1997 to June 2000.
All tissue specimens were snap- frozen and stored at
-80°C. There were 48 male and 32 female patients with
an average age of 02 years (range 32-81 years). Of the 80
specimens of human colorectal carcinoma we examined,
20, 22, 23 and 15 were classified as Dukes’ stage A, B, C
and D, respectively. Histologically, well-differentiated CRC
was found in 16, moderately-differentiated CRC in 44, and
pootly-differentiated in 22 specimens, respectively (Table 1).
As a control, 16 normal colorectal tissue specimens and 16
colorectal adenoma specimens were also obtained. These
tissue specimens were snap-frozen in liquid nitrogen,
embedded in paraffin and stored at -80°C. Sections of each
paraffin block were stained with hematoxylin and eosin.

RT-PCR assay

Total RNA was isolated from 26 colorectal cancer and
26 normal adjacent colonic tissue specimens, and 14
adenoma and 14 normal adjacent colonic tissue specimens
with TRIzol™ reagent (Life Technologies). Nested RT-
PCR was carried out as described previously™. A 24
uL mixture of total RNA (10 ug), 0.4 mmol/L oligo
(dT) (New England Biolabs), and QHz20 was prepared.
After incubation for 10 min at 70°C, the mixture was
quickly cooled on ice, and 16 pul. of RT-PCR mixture
containing 8 pl. of 5 X first strand buffer (Invitrogen)
(250 mmol/L Tris—HCI pH 8.3, 375 mmol/L KCl, 15
mmol/L MgCl), 4 uL of 0.1 M DTT (Invitrogen), 2 uL
10 mmol/L deoxynucleotide mixture (dATP, dTTP, dCTP
and dGTP, 10 mmol/L each) (Roche), 2 uL of RNase
inhibitor (40 U/uL) (Roche) was added. The reaction
proceeded in GeneAmp 2400 (Applied Biosystems)
at 45C for 2 min. After 400 U of SupetrScript™
RnaseH-reverse transcriptase (200 U/uL) (Invitrogen)
was added and incubated for 45 min at 60°C, the reaction
was inactivated at 70°C for 15 min and at 94°C for 3 min.
cDNA was used as a template in the following RT-PCR.

Mutation analysis of FHIT mRNA transcripts and aberrant
splicing in human CRC by sequencing

Mutation screening in aberrant RT-PCR products was
performed using an ABI 377 automated sequencer with
a pEGM-T vector as described previouslyp”. Aberrant
migrating bands were directly sequenced after isolation
of bands from low melting agarose and purification on
columns.

Analysis of FHIT, Bax, Bcl-2 and survivin protein
expression by TMA-IHC

Construction of tissue microarray (TMA): Archival
paraffin-embedded, formalin-fixed tissues from 80
Chinese CRC, 16 colonic adenoma and 16 noncancerous
normal mucosa patients were collected. Two independent
experienced pathologists selected representative areas from
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n FHIT expression 2y P
Positive Negative

Age
<60 34 16 18 0.16 0.901
=60 46 21 25

Sex
M 42 19 23 0.04 0.849
F 38 18 20

Differentiated
Well 16 12 4 4.84 0.028
Moderately 44 20 24
Poorly 20 5 15

Dukes
A B 45 27 18 7.82 0.005
CD 35 10 25

Lymph node metastasis
Positive 16 11 5) 4.07 0.006
Negative 64 26 38

Survival
=5yr 85 23 12 5.77 0.016
<5yr 18 5 13

each donor tumor block, and then one 1-mm core was
taken from a representative area of the tumor and inserted
into a recipient paraffin block to create the TMA'. One
TMA slide contained 112 samples. We employed the
TMA technique to explore the expression of FHIT, Bax,
Bcl-2 and survivin in colorectal tumor specimens and its
correlation with apoptosis status by TMA-IHC and TMA-
TUNEL. We investigated consecutively-cut setial sections
and examined the same tumor region in three dimensions.

Immunohistochemical analysis of FHIT, Bax, Bcl-2
and survivin expression in human CRC by TMA-
IHC: Immunohistochemical studies were performed using
a citrate-microwave-streptavidin peroxydase technique.
Immunohistochemical detection was done using anti-
FHIT, anti-Bax, anti-Bcl-2 and anti-survivin antibodies,
respectively. Endogenous peroxidase activity was quenched
by methanol containing 3% hydrogen peroxide (Sigma,
Taufkirchen, Germany). Nonspecific binding was blocked
by applying normal rabbit serum in a humidity chamber
at a dilution of 1:10 for 30 min. Primary antibodies
were applied overnight at 4°C. The secondary antibody
(goat to mouse immunoglobulins, DAKO, Denmark)
was applied for 1 h at room temperature. Peroxidase—
antiperoxidase (PAP rabbit, DAKO) conjugate diluted at
1:100 in phosphate-buffered saline (PBS) was applied for
45 min at room temperature. The sections were stained
with diaminobenzidine tetrahydrochloride (DAB, Sigma)
and then counterstained with hematoxylin. Negative
control staining was performed by omitting the primary
antibody. As a positive control for FHIT protein in
immunohistochemical studies, we used paraffin sections of
lung cancer positive for FHIT protein.

Quantitative measurements: Quantitative analysis of
immune reactions related to the total tissue area was
performed. We measured the percentage of positive
immune reactivity with these antibodies in the tissue
epithelium (normal and tumor). Histological images were
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captured with an OLYMPUS BX50 system microscope
with an objective at magnification X 40, through a video
camera, and digitized by appropriate software. In each
section, 500 cells per core were calculated. The relative
level of specific immunostaining and its localization were
also judged. The relative intensity of cell immunostaining
was evaluated semi-quantitatively. The data of tissue array
were confirmed by a pathologist at the Department of
Pathology of Affiliated Guangzhou First People’s Hospital.
Hierarchical clustering and tree-view analysis:
Hierarchical clustering was performed by the Cluster
program (available at http://rana.lbl.gov/) as described
previously in two dimensions: tumors were grouped
together based on the relation of their immunostaining
profiles, and antibodies were grouped based on tumors
they stained. The clustered data were visualized with the
Tree-view software tool programs originally developed for
analyzing cDNA microatrray data (Available at http://rana.
Ibl.gov/), which graphically displayed the results of the
analysis as dendrograms and arrays, wherein the rows and
columns corresponded to the raw staining data, presented
in the order determined.

Detection of cell apoptosis state in human CRC by TUNEL
assay

Cell apoptosis was detected in 80 CRC specimens by
TMA-TUNEL assay (Apotag Peroxidase Kit, Oncor,
Gaithersburg, MD) with the Apop-Tag'" peroxidase
kit (Zhongshan Biotech, Beijing). For the evaluation of
TUNEL index, the number of TUNEL-positive colonic
epithelial cells was recorded using the X 40 objective
lens. The case was considered positive for TUNEL if
any colonic epithelial cells showed TUNEL staining. The
TUNEL index was determined as the number of TUNEL-
positive colonic epithelial cells expressed as a petcentage
of the total number of counted colonic epithelial cells.
Necrotic areas were excluded.

Statistical analysis

Results were presented as mean * SD. All statistical
analyses were carried out using SPSS 11.0 for Windows
statistical software (SPSS Inc, USA). The relationship
between the clinicopathological variables and FHIT loci
and protein alterations was examined by Fisher’s exact test.
The relationship between the expression of FHIT and
prognosis of CRC was analyzed by Cox-Mantel test. P <
0.05 was considered statistically significant. All experiments
were performed three times.

RESULTS

Analysis of aberrant splice of FHIT gene in human CRC
Expression of FHIT mRNA was detected by nested
RT-PCR. According to the results, 34.6% samples with
abnormal FHIT expression displayed two transcript
categories: normal FHIT transcript (PCR products = 707
bp) and aberrant FHIT transcript (PCR products = 336 bp
and 239 bp), respectively (Figure 1). However, the samples
with normal FHIT expression only showed a normal
FHIT transcript size.
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Figure 1 Frequency of intragenic deletions in FHIT transcripts in human CRC.
Gel photo of FHIT RT-PCR products showing that the full length FHIT was the
predominant transcript in samples 1-3, 5, 7 and 9. Both full length FHIT and
shorter fragments representing transcripts containing deletions in FHIT could be
seen in samples 4, 6 and 7. The arrow shows the gel position of splice variants.

1021
A Exon 3 ¢ Exon 7
G AAAG AG AAAGAAGGATG GCCCCG AAGCCGGAC
90 100 110 120
B Exon 3 ¢ Exon 9

TGTCATGTTICTGGAGCTTICTTTCTCTITCTCT

230 240 250 260

Figure 2 Sequencing analysis of aberrant FHIT transcripts. A: Deletion of exons
4-6 in the FHIT gene; B: Deletion of exons 4-8 in the FHIT gene.
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Mutation analysis of FHIT gene in human CRC by
sequencing

Aberrant RT-PCR products were sequenced after isolation
of bands from low melting agarose and purification on
columns. In the 336 bp fragment, Exon 3 was spliced
to exon 7 (E3/E7), and thus the transcript lacked exons
4-6 (Figure 2A). In the 239 bp fragment, Exon 3 was
spliced to exon 9 containing an E3/E9 aberrant transcript
(Figure 2B).

Clinicopathological features and their relation to
expression of FHIT in human CRC

The correlation between FHIT protein expression and
clinicopathological data in the 80 carcinoma specimens is
shown in Table 1, and a photograph of a representative
specimen is provided in Figure 3. FHIT negative CRC
was found in 43 and FHIT FHIT positive CRC was
found in 37 specimens. Fifty-three percent (32 of 60)
of specimens with well-differentiated CRC had positive

www.wjgnet.com
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Figure 4 Relationships between FHIT expression and CRC differentiation grade
(A) and stage (B), and survival rate (C) CRC patients.

FHIT expression, whereas 25% (5 of 20) of specimens
with poorly-differentiated CRC had positive FHIT
expression (P < 0.05), while 93.75% (15 of 16) and 75%
(12 of 16) had positive FHIT expression in the normal
colorectal tissue specimens and colorectal adenoma
specimens, respectively (Figure 4A and Table 1). Sixty
percent (27 of 45) of specimens with Dukes’ A and B had
positive FHITexpression, whereas only 28% (10 of 35)
of specimens with Dukes’ C and D had positive FHIT
expression (P < 0.005) (Figure 4B and Table 1). Moreover,
prognosis of the FHIT-negative cases was much poorer
than the FHIT-positive cases (Figure 4C and Table 1).
There was no significant correlation between other
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Figure 5 TUNEL assay showing significantly decreased apoptosis in FHIT-
negative CRC cells (A), FHIT-positive CRC cells (C), and magnified views of the
respective samples A and C (B and D).

clinicopathological factors and FHIT expression.

Apoptosis status in human CRC as assessed by TUNEL

The role of FHIT protein in apoptosis as a proapoptic
factor was detected by TUNEL assay. Aberrant expression
of the FHIT gene was related to colonic epithelial cell
apoptosis (Figures 5 and 6, Table 2). The apoptosis index
was 5.41 * 0.23 in colorectal cancer with normal FHIT
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Figure 6 Decreased FHIT expression and apoptosis inhibition in human CRC.
Reduced apoptosis index was detected in the same number of cells per field in
CRC with FHIT-negative expression.

Table 2 Relationship between FHIT expression and apoptosis
index (Al) in human CRC

FHIT n Al

. 11 056 +0.10
+/- 15 1.07 £ 0.16
+ 17 2,99 +0.32
++ 37 5414023

expression and 0.56 £ 0.10 in tumors with absent FHIT
expression. The rate of apoptosis was significantly lower
in tumors with aberrant FHIT expression than in tumors
with normal FHIT expression (P < 0.05).

Expression of Bax, Bcl-2 and survivin and its correlation
with FHIT alteration

Since growth inhibitory effect of FHIT- expressing cells is
related to apoptosis, we determined whether FHIT protein
is related with other members in the apoptotic pathway.
Of the CRC tissue specimens, 54% (43 of 80) had positive
FHIT expression, whereas the remaining 46% (37 of 80)
had no detectable FHIT expression by TMA-IHC assay
(Figure 7, Figure 8, Figure 9 and Figure 10). Seventy-seven
percent of FHIT protein-negative CRC specimens showed
decreased Bax expression, whereas 75% and 60% FHIT
protein-negative specimens displayed increased Bcl-2
and survivin expression (Figure 7, Figure 8, Figure 9 and
Figure 10). The difference was statistically significant (Table
3).

piscussion

In the present study, frequent allelic loss was observed on
chromosome 3p in lung cancer and preneoplastic bronchial
lesions, indicating that inactivation of putative tumor
suppressor genes on chromosome 3p may be involved
in early steps of lung carcinogenesis. Ohta ef al” have
identified the FHIT gene on chromosome 3p14.2, spanning
the FRA3B common fragile site and the t (3:8) break point
associated with hereditary renal cell carcinomas. The FHIT

Figure 7 TMA-IHC showing significantly decreased Bax expression in FHIT
positive CRC tissue samples (A), FHIT-negative CRC tissue samples (C), and
magnified views of the respective samples A and C (B and D).

gene is more than 1 Mb in size, encoding a 1.1-kb cDNA
with 10 small exons and a cytoplasmic Mr 16 800 protein
with diadenosine triphosphate (Ap3A) hydrolase activity
" Tn this study, truncated FHIT transcripts were observed
frequently alongside full-length transcripts and sequence
analysis of the truncated gene transcripts revealed mainly

www.wjgnet.com
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Figure 8 TMA-IHC showing significantly
increased Bcl-2 expression FHIT positive
CRC tissue samples (A), FHIT-negative
CRC tissue samples (C), and magnified
views of the respective samples A and C (B
and D).
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exon skipping and alternate RNA processing events. To
clucidate the possible molecular mechanisms responsible
for this loss of protein expression, we used RT-PCR
for FHIT transcript analysis and cDNA sequencing for
mutation detection. We found that 34.6% of the samples
with decreased FHIT expression had an additional
aberrant FHIT transcript product. However, aberrant
FHIT was not identified in the samples with normal FHIT
expression. These data suggest that loss and rearrangement
of the FHIT gene derived from FRA3B breaks or gaps in
the large FHIT intronic region may give rise to aberrant
cDNA splicing and result in loss of FHIT protein,
suggesting that the majority of aberrant FHIT transcripts

www.wjgnet.com

lack exons 4-6 and 4-8. Our results indicate that higher
incidence of aberrant processing of FHIT mRNA and
mutation result in FHIT down-regulation in human CRC.
Loss of FHIT protein expression has been found
in lung and breast cancers, as well as in head and neck
cancers” ", Ohta and colleagues” have reported significant
loss or reduction of FHIT expression in 39% CRC
patients. However, Thiagalingam ¢ a/'” showed that the
FHIT gene is not involved in CRC carcinogenesis. In this
study, we demonstrated that loss of FHIT expression
was associated with poorly- and well-differentiated CRC
and frequent lymph node metastasis by TMA-IHC assay,
indicating that FHIT plays a role in the progression of
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CRC because loss of FHIT protein is intimately associated
with the development of CRC. Lack of FHIT gene
expression and consequent protein expression can be due
to deletions, mutations, or epigenetic modifications.

These results strongly indicate that aberrant expression
of the FHIT gene is related to the development and
progression of CRC. However, the relationship between
FHIT expression and apoptosis has not been studied
in human CRC, and the decreased apoptosis in FHIT
deficient CRC has not been explained. We therefore
designed this study to investigate the differential patterns
of apoptosis-related protein expression associated with
difference in FHIT expression, in order to identify specific
changes that might reflect the pathway by which FHIT
affects apoptosis. We performed TUNEL analysis in this
study to assess apoptosis status and observed decreased
apoptosis in FHIT negative CRC tissue samples compared
to FHIT-positive CRC tissue samples. The apoptosis index
was 5.41 + 0.23 in tumors with normal FHIT expression
and 0.56 £ 0.10 in tumors with aberrant expression.
The rate of apoptosis in tumors with aberrant FHIT
expression was significantly lower than that in tumors
with normal FHIT expression (P < 0.01). Furthermore,
we conducted tissue microarray analysis to identify
differentially expressed proteins in relevant apoptosis
pathways. For this initial pathway, we chose three key
proteins belonging to the Bcl/Bax pathway (Bcl2 and Bax)
and survivin-caspase pathway (survivin). In this study,
the FHIT-negative CRC tissue samples were associated
with down-regulation of Bax and up-regulation of Bcl-2.
It is known that the Bax gene is an apoptosis-promoting
member of the BCL-2 gene family, and apoptosis is known
to be accelerated when the Bax function is predorninantmj.
On the other hand, over-expression of Bcl-2 seems to be
associated with the blocking of apoptosis. The ability of
Bcl-2 to inhibit apoptosis is dependent on the expression
of Bcl-2 and formation of hetero- and homo-dimers
between members of the Bcl-2 familym]. We observed a
significant correlation between FHIT protein expression
and members of the Bcl/Bax pathway in human CRC (P
< 0.05). Survivin is minimally expressed in normal adult
tissues but over-expressed in awide range of human
cancers, including cancer of the breast, lung, esophagus

and urinary bladder. Survivin is one member of inhibitors
of apoptosis and appears to block apoptosis by interfering
with the caspase activation pathwaylz‘”. In the present study,
we demonstrated that survivin, an inhibitor of apoptosis
protein family, was significantly increased in FHIT-
negative CRC, indicating that FHIT plays a critical role in
FHIT-induced apoptosis, occurring through inactivation
of the survivin-caspase signal pathway. Accordingly, future
investigations must address protein-protein interactions
that lead to these changes in expression and apoptosis,
thus allowing us to place FHIT at its correct position
within the pathways, ultimately helping to elucidate the
precise mechanism by which its expression modulates
apoptosis in human CRC.

In conclusion, decreased FHIT expression is caused
by mutations of the FHIT gene in human CRC. Down-
regulation of FHIT is associated with down-regulation
of Bax and up-regulation of Bcl-2 and survivin, which
results in alterations in apoptosis status. Differential
FHIT expression in human CRC plays a role in control
of cell growth and apoptosis. FHIT is a potentially
important growth suppressor gene that plays a role in the
development and progression of human CRC. FHIT may
be a candidate for therapeutic modulation of apoptosis in

human CRC.
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