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Abstract

AIM: Both development and progression of malignancies
occur as a multistep process, requiring the activation of
oncogenes and the inactivation of several tumor suppressor
genes. The loss of heterozygosity (LOH) of tumor suppressor
genes is believed to play a key role in carcinogenesis of
colorectal cancer (CRC). In this study, we analyzed the
LOH of seven loci on chromosome 22q13 in an effort to
identify candidate tumor suppressor genes involved in
colorectal carcinogenesis.

METHODS: Matched tumor and normal tissue DNA were
analyzed by PCR using fluorescence-labeled polymorphic
microsatellite markers in 83 CRC patients. PCR products
were eletrophoresed and LOH was determined by
calculating the peak height acquired through computer
software. Comparisons between LOH frequency and
clinicopathological features were performed by 2 test.
P<0.05 was considered as statistical significance.

RESULTS: The average LOH frequency of chromosome
22q13 was 28.38%. The highest LOH frequency was
64.71% on D22S1160 locus, and the lowest was 21.43%
on D22S1141 locus. We detected two obvious minimal
deletion regions: one between markers D22S1171 and
D22S274, the other flanked by markers D22S1160 and
D22S1149, each about 2.7 and 1.8 cm, respectively. None
had lost in all informative loci. LOH frequency on D22S1171
is 50% on distal colon, which was higher than that on
proximal one (P = 0.020); on D22S114 locus, none LOH
event occurred in patients with liver metastasis, whilst
46.94% occurred in patients without liver metastasis
(P = 0.008); on D22S1160 locus, LOH frequency in lymph
nodes metastasis patients was 83.33%, which was much
higher than 43.75% without lymph nodes metastasis ones
(P = 0.016). There was no statistical significance between
clinicopathological features and other loci.

CONCLUSION: This study provides evidence of two
minimal deletion regions, which may harbor putative
tumor suppressor genes related to progression and
metastasis in sporadic colorectal carcinoma on chromosome
22q13.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is a predominant disease in the
western world, after lung cancer in men and breast cancer
in women, and CRC is the most common cause of cancer-
related death. The peak incidence of CRC was in the
seventh decade of the 20th century and it is fairly equally
distributed between men and women[1]. Both development
and progression of malignancies occur as a multistep process,
requiring the activation of oncogenes and the inactivation
of several tumor suppressor genes[2]. The loss of heterozygosity
(LOH) of tumor suppressor genes is believed to be one of
the key steps to carcinogenesis of CRC. LOH, the loss of
one allele at a specific locus, is caused by a deletion mutation
or loss of a chromosome from a chromosome pair. When
this occurs at a tumor suppressor gene locus where one of
the alleles is already abnormal, it can result in neoplastic
transformation. In CRCs, frequent allelic loss has been
identified in chromosome 5q (30%), 8p (40%), 17p (75-80%),
18q (80%) and 22q (20-30%)[3]. Indeed, much has been
published on tumor suppressor genes APC, p53, and DCC,
which have been localized to chromosome 5q, 17p and
18q, respectively. Recently, new tumor suppressor genes,
such as PTEN (10q23), FHIT (3p14), Smad4 (18q), have
been found. The LOH analysis became an effective way to
find informative loci and then to find candidate tumor
suppressor genes. In an attempt to integrally investigate the
loss of tumor suppressor genes and search for putative
suppressor loci associated with tumor occurrence and
progression, we have conducted a genome-wide LOH study
of 83 tumor samples obtained from Chinese patients with
sporadic CRC. We found that LOH frequency was higher



than 35% in over 30 loci[4]. In this study, we analyzed the
LOH of seven loci on chromosome 22q13 (encompassing
D22S274 locus) of sporadic CRC in an effort to identify
additional loci involved in colorectal tumorigenesis.

MATERIALS AND METHODS

Patient sample and DNA extraction
This study was based on 83 consecutively collected tumors,
including 40 males and 43 females, from unrelated patients
with CRC, treated at the surgical department in Shanghai
No. 1 People’s Hospital, China, between 1998 and 1999.
The patients’ ages ranged from 31 to 84 years with a median
of  66 years. The cancerous tissue and adjacent normal tissue
were frozen freshly. These tissues were cut into cubes of
approximately 2 mm3 and immediately frozen in liquid
nitrogen. DNA was extracted using standard methods with
proteinase K digestion and phenol/chloroform purification.
All patients were confirmed by pathology, and were staged by
Duke’s criterion. Each patient was given his or her informed
consent for the use of his or her tissues in this study.

Microsatellite markers and PCR
Seven fluorescence-labeled primers for polymorphic
microsatellite markers (Shanghai Biological Technology Ltd,
China), flanked on each side on D22S274 locus (Figure 1),
were used to analyze matched pairs of  normal and tumor
DNA for LOH analysis. The sequence of markers was pter-
D22S115-D22S1171-D22S114-D22S274-D22D1141-
D22S1160-D22S1149-D22S1170-qter. The relative position
was from the Genothon human genetic linkage map[5].

Figure 1  Microsatellite markers location on 22q13.

Polymorphic microsatellite markers were analyzed for
each patient’s tumor and normal DNA by PCR (GeneAmp
PCR System 9 700, PE Applied Biosystems, Foster City,
CA). PCR conditions were as follows: 5 µL total volume
with approximately 1.4 ng of DNA as a template with
10 mmol/L standard buffer, 1.5 mmol/L Mg2+, 80 mmol/L
deoxynucleotide triphosphates, 0.3 unit of  Hot-start Taq
polymerase and 0.06 µmol/L of each oligonucleotide primer,
with the forward primer fluorescence labeled with FAM.
Cycling condition consists of three stages: an initial
denaturation at 96 ℃ for 12 min in stage I; 14 cycles each
at 94 ℃ for 20 s, 63-56 ℃ for 1 min (0.5 ℃ decreased per
cycle), 72 ℃ for 1 min in stage II; 35 cycles each at 94 ℃

for 20 s, 56 ℃ for 1 min, 72 ℃ for 1 min in stage III.

LOH analysis
A portion of each PCR product (0.5 µL) was combined
with 0.1 µL of Genescan 500 size standard (PE Applied
Biosystems) and 0.9 µL of  formamide loading buffer. After
denaturation at 96 ℃ for 5 min, products were eletrophoresed
on a 5% polyacrylamide gel on an ABI 377 DNA sequencer
(PE Applied Biosystems) for 3 h. Genotyper 2.1 software
displays individual gel lanes as electropherograms with a
given size, height and area for each detected fluorescent
peak. Stringent criteria were used to score the samples.
Alleles were defined as the two highest peaks within the
expected size range. A ratio of T1:T2/N1:N2 of less than
0.67 or greater than 1.50 was scored as a LOH (Figure 2).
Most amplification of  normal DNA produced two PCR
products indicating heterozygosity. A single fragment
amplified from normal DNA (homozygosity) and those PCR
reactions, in which fragments were not clearly amplified,
were scored as not informative. The LOH frequency of  a
locus is equal to the ratio of the number between allelic
loss and informative cases. The average LOH frequency
of  chromosome 22 long arm is the average value of  each
locus LOH frequency.

Figure 2  LOH demonstration. A: The typical peak of LOH: allele
ratio = (T1/T2)/(N1/N2) = (190/62)/(341/270) = 2.43>1.5; B: The normal
peak: allele ratio = (T1/T2)/(N1/N2) = (1172/764)/(350/264) = 1.15.
T: tumor N: normal.

Statistical analysis
Comparisons between LOH and clinicopathological data
were performed by 2 test. P<0.05 was considered as
statistically significant.

RESULTS

LOH analysis on 22q13
The average LOH frequency of chromosome 22q13 is
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28.38%. Fifty-five cases (66.27%) showed LOH on at least
one marker on 22q13 (Table 1). LOH frequency on
D22S1160 locus was the highest (64.71%), and on
D22S1141 locus is the lowest (21.43%). We screened two
obvious minimal deletion regions: one between markers
D22S1171 and D22S274 (22q13.31), the other flanked by
markers D22S1160 and D22S1149, each about 2.7 and
1.8 cm, respectively. None had lost in all informative loci.
On D22S1149 locus, less information was got because of
more homozygosity (Table 2).

Table 1  LOH result on every locus

No.     D22S115   D22S1171    D22S114    D22S1141   D22S1160  D22S1149     D22S1170

001T       △ △     L   △         N     △              N

019T       N N     △   N         L     △              △

002T       N △     N   N         △     △              L

006T       △ N     L   △         △     △              N

012T       L N     L   △         L     △              △

016T       N L     N   △         △     △              △

021T       N N     △   N         L     △              △

008T       △ L     L   △         △     △              △

013T       N △     N   N         L     △              △

017T       N N     L   △         △     △              △

022T       N △     L   △         △     △              △

010T       △ N     L   △         △     L              N

014T       △ △     △   N         L     △              L

018T       N L     △   △         N     △              △

023T       △ L     △   N         N     N              △

029T       N L     △   N         L     △              △

044T       △ L     L   L         L     △              △

101T       L △     L   △         L     △              L

105T       N L     △   △         L     △              △

030T       △ △     N   L         △     △              L

036T       N △     N   N         N     △              L

041T       △ △     L   △         L     △              L

045T       L L     △   L         L     △              N

102T       △ N     L   △         L     △              △

106T       L N     △   △         △     △              △

032T       N N     N   △         △     △              L

037T       N L     △   L         △     △              L

042T       △ N     N   L         △     △              L

103T       N △     △   N         L     △              △

033T       L L     L   L         △     △              L

108T       N N     N   △         △     △              L

116T       L L     L   △         L     △              L

124T       L N     L   △         △     △              △

128T       △ △     N   N         L     △              △

117T       L △     △   △         △     △              △

121T       N △     N   △         △     L              L

114T       L N     L   △         N     △              L

122T       L L     L   L         △     L              L

126T       △ △     △   L         L     △              △

130T       △ L     △   △         △     L              L

111T       L L     △   N         N     △              L

127T       △ △     L   △         △     △              △

131T       L N     N   △         L     △              △

132T       △ L     △   △         L     △              N

136T       △ N     L   △         N     L              △

140T       N N     N   △         L     △              △

144T       N N     N   △         △     △              L

133T       N △     L   N         △     △              △

137T       △ L     L   N         △     △              △

141T       △ N     △   N         L     △              N

145T       △ N     L   N         △     △              △

134T       N L     N   △         △     △              △

142T       L △     L   L         L     N              △

139T       L L     L   △         △     △              N

143T       △ L     N   N         L     △              △

L: loss of heterozygosity. N: retention of heterozygosity. △: non-informative

(homozygosity/MSI/no production).

Table 2  LOH frequency statistics result on 22q13

Locus           Location          LOH        Normal      Informative     Distance    LOH
                                     cases            cases            rate                 (cm)     rate (%)

D22S115           22q13.2    14       36          60.24   –           28

D22S1171        22q13.31    19       31          60.24 1.2          38

D22S114           22q13.31    23       35          69.88 0.7          39.65

D22S274           22q13.31    16       31          56.63 2.0          34.4

D22S1141        22q13.31     9       33          50.60 1.1          21.43

D22S1160        22q13.31    22       12          40.96 0.8          64.71

D22S1149       22q13.31     5        8          15.66 1.8          38.46

D22S1170       22q13.31     7       28          42.17 6.8          20

Relationship of clinicopathological features and LOH on

22q13
LOH frequency on D22S1171 is 50% on distal large
intestinal cancers, which was higher than that on proximal
ones (P = 0.020). On D22S114 locus, none exhibited LOH
in patients with liver metastasis, whilst 46.94% without liver
metastasis (P = 0.008). On D22S1160 locus, LOH frequency
in lymph metastasis patients was 83.33%, much higher than
that without lymph metastasis (43.75%, P = 0.016). There
was no statistical significance between clinicopathological
features and other loci (Table 3).

DISCUSSION

During tumorigenesis, loss of the wild-type allele is frequently
observed at the appropriate locus. It was widely accepted
that LOH on tumor suppressor genes played a key role in
CRC transformation. LOH analysis of  sporadic CRC can
promote the discovery of unknown tumor suppressor
genes[6,7]. Allelic loss on chromosome 22q is present not
only in CRC but also in oral (40%)[6], brain (40%)[7], ovarian
(55%)[8], breast (40%)[9], pancreatic endocrine tumor
(30%)[10], gastrointestinal stromal tumor (77%)[11], and even
hepatocellular carcinoma[12]. After microsatellite DNA
analysis, several attempts were made to identify a region of
deletion and eventually the tumor suppressor gene(s)
responsible for these neoplasms. Allelic deletions were
restricted to D22S274 (22q13) marker in oral squamous
cell carcinoma[6].

We have made the LOH analysis on the long arm of
chromosome 22 in the previous report[13] in CRC research,
and found that there was a relatively high LOH frequency
(34.04%) on D22S274 locus. In order to detect unknown
tumor suppressor genes on this region, in this study, LOH
scanning was carried out in 83 sporadic CRC samples with
eight high-density polymorphic markers lying on each side
on D22S274 locus (the average hereditary distance, 1.9 cm).
By Genotyper software, i.e., by the ratio of the fluorescence
intensity of allele, we hope to identify additional high-deletion
loci involved in colorectal tumorigenesis and progression.

Through refined mapping, we detected two obvious
minimal deletion regions: one between markers D22S1171
and D22S274 (22q13.31), LOH frequency was 34.4-39.65%,
about 2.7 cm; the other flanked by marker D22S1160 and
D22S1149 locus, LOH frequency was 38.46-64.71%, about
1.8 cm. Castells et al[14,15], report a allelic loss interval to a
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0.5 cm on 22q13 in CRC and breast cancer. The region
was flanked by D22S1171 and D22S298, which just
included our first detected deletion region. Huang et al[16],
found that allelic loss on 22q was 36.4% (12/33), and identified
two common regions of deletion. One candidate region
between D22S274 and D22S1149, about 2.4 cm, was just
overlapping with our second deletion region.

LOH on D22S1171 locus was associated with tumor
location, i.e., distal large intestinal cancers are prone to cause
LOH than proximal cancers (P = 0.020). Zhou et al[10],
found the same phenomenon on D22S274 locus. By the
same result, it may be inferred that distal CRC reveals a
different mechanism on tumorigenesis. Now, it is admitted
that the mechanism of carcinogenesis in distal colon was
different from that in proximal one[17-19]. And the mechanism
in rectal cancer was also different from that in the proximal
colon[20]. Distal colon cancer displayed a higher frequency
of 17p and 18q allelic loss, p53 accumulation[21], c-myc
expression and aneuploidy[22]. Right-sided tumors are more
often diploid[23] and of the microsatellite instability (MSI)
phenotype. We can conclude that LOH (17p, 18q) plays an
important role in the formation of  distal CRC.

Furthermore, we found that D22S1160 locus is
associated with lymph nodes metastasis; 83.33% (15/18)
LOH cases show lymph nodes metastasis, while only
43.75% (7/16) LOH cases without lymph nodes metastasis.
This region may harbor tumor suppressor gene which
associates with metastasis and results in lymph nodes
invasion. But no significant difference was seen with liver
metastasis. On D22S114 locus, LOH frequency is negatively
associated with liver metastasis, none exhibited LOH in nine
cases with liver metastasis (0/9), but 46.94% (23/49) exhibited

LOH in patients without liver metastasis (P = 0.008). No
significant difference was seen with lymph metastasis on
this locus. These results indicate that LOH on the two loci
are late events in tumorigenesis; lymph nodes metastasis
and liver metastasis may reveal a different molecular
mechanism.

We scanned GeneMap’ 99 database, and found that no
known gene exists in these regions. Castells et al[14], also have
not found known gene between D22S1171 and D22S298
locus in colorectal and breast cancer. The completion of
the chromosome 22q sequencing project permitted the
prediction of unknown genes using computer-based
approaches. Following this strategy, the Sanger Center
predicted the existence of eight genes and four pseudogenes
between D22S1171 and D22S298 locus[23]. Castells and his
colleague made further study and identified several DNA
variants that are not compatible with pathogenic mutation.
Accordingly, PARVG genes were excluded as tumor
suppressor gene on 22q13 involved in CRC and breast cancer
development and progression[24]. With the cloning of new
genes and further function recognizing of known genes,
new foundation will be achieved on 22q13.

In summary, by detailed deletion mapping, we detected
two obvious LOH deletion regions, one between markers
D22S1171 and D22S274 (22q13.31), the other flanked by
markers D22S1160 and D22S1149, about 2.7 and 1.8 cm,
respectively. These regions may harbor candidate tumor
suppressor gene related to tumorigenesis and progression
in CRC. Our study provided the significant data to reveal
the mechanism of colorectal carcinogenesis. And further
LOH scanning with high-density microsatellite markers and
selected genes mutant and methylation analysis in the region

Table 3  Relationship between clinicopathological features and LOH cases on 22q13

 D22S1157  D22S1171   D22S114  D22S1141  D22S1160  D22S1149  D22S1170

L N  L N  L N L N L N L N L N

Gender Male 4 18 10 10 10 16 6 19   7   7 2 7 4 14

Female                  10 18   9 21 13 19 3 14 15   5 3 1 3 14

Age (yr) >60                  11 26 14 26 20 26 8 22 14 10 4 7 6 25

≤60 3 10   5   5   3   9 1 11   8   2 1 1 1   3

Location Proximal colon 8 12   3 15 11 12 2   8   6   6 3 3 3 15

Distal colon 5   9   9   7   7   7 3   8   8   4 1 2 2   5

Rectum 1 15   7   9   5 16 4 17   8   2 1 3 2   8

Gross pattern Massive 7 14   7 13 11 14 4 14   5   7 4 4 4 11

Ulcerative 5 19 11 13   8 17 4 16 15   4 0 2 3 15

Encroaching 2   3   1   5   4   4 1   3   2   1 1 2 0   2

Size (cm) ≥5 7 14   8 13   9 13 4 16   5   6 2 5 4 17

<5 7 22 11 18 14 22 5 17 17   6 3 3 3 11

LN metastasis LN (+) 7 20 10 17 12 17 4 16 15   3 2 3 3 13

LN (-) 7 16   9 14 11 18 5 17   7   9 3 5 4 15

Liver metastasis LM (+) 2   5   3   4   0   9 1   6   2   2 0 0 2   4

LM (-)                  12 31 16 27 23 26 8 27 20 10 5 8 5 24

Differentiation Well 5   7   3   5   6   7 2   9   4   3 1 2 1   3

Moderately 6 23 13 15 10 21 6 15 10   6 2 3 6 16

Poorly 1   1   1   3   2   1 0   1   0   1 0 0 0   2

Mucinous 2   5   2   8   5   6 1   8   8   2 2 3 0   7

Dukes stage A 1   3   2   0   3   3 0   4   1   3 0 1 0   3

B 4   9   4 10   6   9 4   6   6   3 3 4 2   7

C 6 19 10 15 13 13 5 15 12   4 2 3 3 14

D 3   5   3   5   1 10 0   8   3   2 0 0 2   4
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may provide much more genetic and epigenetic information
and find the potential tumor suppressor genes.
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