
Abstract. To identify tumour suppressor genes (TSGs)
associated with hepatocellular carcinoma (HCC) on chromo-
some 4q using a high-throughput single nucleotide polymor-
phism (SNP) array, we first scanned for loss of heterozygosity
(LOH) of 40 SNPs on chromosome 4q and discovered 2 hot
regions: 4q24-26 and 4q34.3-35. We then further scanned for
LOH of 338 SNPs in genes around 4q34.3-35 and discovered
3 genes with the most frequent LOH: nei endonuclease VIII-
like 3 (NEIL3), interferon regulatory factor 2 (IRF2) and
inhibitor of growth family member 2 (ING2). A review of
the literature indicates only ING2 might be a TSG associated
with HCC.

Introduction

Primary liver cancer, which consists predominantly of hepato-
cellular carcinoma (HCC), has risen to become the fifth most
common malignancy worldwide and the third leading cause
of cancer mortality (1). Previous studies have demonstrated
that accumulation of the activation of oncogenes and/or
inactivation of tumour suppressor genes (TSGs) is involved
in the carcinogenesis of human cancer (2-4). However, the
inactivation of TSGs was especially reported to play a more
critical role in HCC pathogenesis (5). Recently, loss of hetero-
zygosity (LOH) as an indirect procedure to identify TSGs
has been widely used. Frequent allele deletions are observed

on chromosomes 1p, 4q, 5q, 8p, 8q, 9p, 10q, 11p, 13q, 14q,
16q, and 17p in HCC (6-13).

Whole-genome scans and chromosome analyses have
been performed, and the chromosome 4q carries deletions in
HCC more frequently than in other tumours (14-22). In early
studies, we investigated LOH on 22 autosomes with 382 sets
of microsatellite markers (MS) in 65 cases of HCC. The
results showed that the frequency of LOH on 4q was 48.1%
and that TSGs associated with HCC might be on 4q.

In the present study, we first scanned chromosome 4q
with a high-throughput SNP array to analyse the LOH and
found the region with the most frequent LOH, then further
scanned the SNPs around the region to search for the TSGs
associated with HCC.

Materials and methods

Patients and tissue specimens. All matched primary hepato-
cellular carcinoma tissue and adjacent cancer-free tissue
specimens (n=69) were obtained from those patients who
underwent surgical resection of their diseases in the Sun
Yat-sen University Cancer Center between 2005 and 2007.
The patients who received any preoperative treatment such
as chemotherapy and radiotherapy were excluded. The 69
patients included 60 males and 9 females with a median
age of 52 years (range, 21-75 years). The fresh tissues were
immediately immersed in RNAlater (Ambion, Inc., USA)
after surgical resection, stored at 4˚C overnight to allow
thorough penetration of the tissues, then frozen at -80˚C until
RNA and DNA extraction. Both cancer and corresponding
adjacent cancer-free tissues not less than 2 cm away from the
liver were sampled from cancer patients and verified by patho-
logical examination.

DNA extraction. Both cancer and corresponding cancer-free
liver tissues were digested with proteinase K (1 mg/ml). After
the tissues were homogenised, genomic DNA was extracted
via the phenol-chloroform method (23).

SNP array analysis. In the system adopted in this study,
SNP-containing sequences are first amplified in a single tube
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to a detectable amount by multiplex PCR and then used as
templates to generate single-stranded DNA (ssDNA), which
is then hybridised to the probes on a microarray. The probes
are designed in such a way that their 3' ends are next to the
polymorphic sites in the hybridising ssDNA. In this way, the
probes can be labelled with the commonly used single-base
extension method (24-26) during which single dideoxyri-
bonucleotides (ddNTPs) are added to the probe in an allele-
specific way dependent on the hybridising allelic sequence(s).
When the corresponding ddNTPs are labelled with different
fluorescent chromophores (cyanine dyes, either Cy3 or Cy5, in
our system), the allelic state of the SNPs can be determined
by analysing the amount of incorporated fluorescence. In
addition, SNP genotypes may be determined independently
by using the two DNA strands as separate templates so that
results from such dual-probe analysis can be compared to
ensure a high degree of accuracy.

SNP selection. A computer program written for SNP selection
was used as previously described (27,28). SNPs in human
chromosome 4q were selected from the dbSNP database
(ftp://ftp.ncbi.nih.gov/snp/human/chr_rpts/) maintained
by National Center for Biotechnology Information (NCBI).
To ensure that the selected SNPs were real and suitable
for the multiplex system, a series of criteria was used for
selection: i) only transition SNPs (A/T to G/C changes or
vice versa) could be selected in order to use a two-colour fluo-
rescent labelling system (using the cyanine dyes Cy3 and
Cy5) for genotype determination; ii) SNPs selected on chromo-
some 4q should be evenly distributed as far as possible,
separated probably by 350 kb; iii) uppercase sequences
should be better in the 150-bp region around SNPs; iv) SNPs
could not be flanked by a significant number of short tandem
repeats, palindromes or other SNPs (i.e., SNPs should be
separated by >150 bp), which might significantly affect the
specificity of amplification; and v) heterozygosity should be
>0.4.

In addition, to select suitable SNPs in the interior of genes
around the region with the most frequent LOH on chromo-
some 4q, the corresponding criteria were as follows: i) SNPs
should be located inside or within 3000 bp away from the
gene; ii) SNPs selected within one gene should be evenly
distributed as far as possible; iii) SNPs with frequency of
heterozygosity >0.1 must be chosen; the higher the hetero-
zygosity, the better. Furthermore, SNPs could not be flanked
by a significant number of short tandem repeats, palindromes
or other SNPs (i.e., SNPs should be separated by >150 bp),
which might significantly affect the specificity of amplifi-
cation; iv) only transition SNPs (A/T to G/C changes or vice
versa) could be selected; and v) 5-10 SNPs must be selected
inside one gene, however, only 5 SNPs would be enough for
genes with frequency of heterozygosity >0.2.

Candidate SNP sequences were then submitted to the
NCBI and UCSC websites for BLAST (http://www.ncbi.
nlm.nih.gov/BLAST) and BLAT (http://www.genome.ucsc.
edu/cgi-bin/hgBlat?db=hg8) searches to eliminate possible
false SNPs caused by repetitive sequences.

Primer design. To select sequence frames for primers, a
computer program designed by Wang et al (27,28) was used.

The candidate sequence frames were first selected based on
a user-defined melting temperature range (55-75˚C in this
application) within a user-defined sequence range surrounding
the polymorphic sites (150 bp in the present study). All primers
were designed at the same time to avoid interaction during
amplification in the same tube. The typical length of the
primers was 20-25 bp. To minimise and avoid primer-primer
interaction, further selection was performed on qualified
frames based on the following criteria: i) fewer than 4 conse-
cutively complementary bases between the 3'-ends of any
frames; ii) fewer than 8 but 1 consecutively complementary
bases between the 3'-ends of any frames; iii) fewer than 10
consecutively complementary bases between the 3'-ends of
any frame and anywhere in all the others; iv) fewer than 12
but 1 consecutively complementary base between the 3'-ends
of any frame and anywhere in all others; v) less than 75%
complementary bases anywhere between any 2 frames; and
vi) fewer than 13 complementary bases between the 3'-end
of any frame and any amplicon sequence.

In addition, every pair of primers was tested individually
by PCR in order to guarantee the right length and specificity
of the product. For primers generating non-specific products
during detection, repeated design and detection was needed
until the product met the requirements. Otherwise, primers
were excluded.

Furthermore, these primers were designed in such a way
that their 3'-ends would anneal next to the polymorphic sites,
and they could therefore also be used as probes (primer-
probes) on the microarray for genotyping. For each SNP,
two such primer-probes were designed in opposite directions
so that they could be used to generate ssDNA in different
directions.

Multiplex PCR and ssDNA preparation. The procedures
for multiplex amplification were performed following the
method of Wang et al (27,28) with minor modifications.
In brief, first multiplex PCR was performed in 25 μl of
PCR mix containing 2.5 μl of 10X PCR buffer (50 mM KCl,
100 mM Tris-HCl at pH 8.3, 1.5 mM MgCl2, and 100 μg/ml
gelatin), 0.5 μl of 10 nmol/l dNTPs, primer mix (200 μM
each) for all SNPs in the multiplex group, 6 units of HotStar
Taq DNA polymerase (Qiagen), and 200 ng of DNA template.
The samples were first heated to 94˚C for 15 min to activate
the Taq DNA polymerase, followed by 40 PCR cycles. Each
PCR cycle consisted of 40 sec at 94˚C for denaturation
and 2 min at 54˚C followed by 5 min of ramping from 54 to
70˚C for annealing and extension. A final extension step
was carried out at 72˚C for 3 min at the end of the 40th
cycle. ssDNA was generated in both directions using the same
conditions for multiplex PCR with the following modifi-
cations: i) product from the multiplex PCR (1.0 μl) was used
as template; ii) only one primer (one of the primer-probes)
for each SNP was used; and iii) 45 PCR cycles were used.

Genotype determination by microarray. Preparation of micro-
array slides. Gold Seal Micro slides (Becton-Dickinson) were
soaked in 30% bleach with shaking for 6 h followed by
rinsing 5 times with deionised H2O and 3 times with MilliQ
H2O. The slides were then sonicated in 15% Fisher brand
Versa-Clean Liquid Concentrate with heat on for 2 h and
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then rinsed with shaking in deionised H2O 10 times and in
MilliQ H2O 5 times. Slides were dried by centrifugation at
1000 rpm for 5 min. The slides were then baked at 160˚C
in a vacuum oven for 4-6 h.

Microarray preparation. One volume of probe was mixed
with four volumes of microarray printing solution EZ'nBrite
(distributed by GenBase Biosciences Corp.), for a final
concentration of 40 μM for each probe in each well of 384-

well plates. Probes were then spotted onto the washed glass
slides using a microarray spotter, OmniGrid Accent (Gene-
Machines), under 50-55% humidity at 22-25˚C. Two matrixes
were made in one slide.

Hybridisation. Hybridisation was done with 2X hybridisation
solution (5X Denhart's solution, 0.5% SDS, 5X SSC, 20 μl of
ssDNA/1000 microarray spots) in a Hybridisation Chamber
(Corning) at 56˚C for 2.5-4 h. Chambers were immersed
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Table I. Frequency of LOH in chromosome 4q of 69HCC patients.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SNP locus Informative No. of LOH Frequency of LOH (%) Location Genotype
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
rs7682030 20 1 5 4q12 C/T➝C
rs722709 5 0 0 4q12 -
rs184732 8 1 12.5 4q13.1 C/T➝C
rs1384725 11 1 9.1 4q13.1 C/T➝T
rs12649371 15 2 13.3 4q13.2 C/T➝C
rs7656234 16 4 25 4q13.3 C/T➝C
rs2609200 22 2 9.1 4q13.3 C/T➝T
rs10028815 17 2 11.8 4q21.21 C/T➝C
rs755527 7 0 0 4q21.21 -
rs1867544 16 1 6.2 4q21.23 C/T➝T
rs6531983 12 2 16.7 4q22.1 C/T➝C
rs12642565 15 2 13.3 4q22.1 C/T➝T
rs1368726 9 1 11.1 4q22.2 C/T➝C
rs1568102 17 2 11.8 4q22.3 C/T➝C
rs867381 5 0 0 4q23 -
rs3774933 11 1 9.1 4q24 C/T➝C
rs2298732 19 7 36.8 4q24 C/T➝C
rs3181187 6 1 16.7 4q25 C/T➝C
rs965012 25 8 32.0 4q25 C/T➝C
rs10013652 11 5 45.4 4q26 C/T➝T
rs2292493 13 2 15.4 4q27 C/T➝C
rs7677254 13 5 38.4 4q28.1 C/T➝T
rs12645636 18 1 5.6 4q28.2 C/T➝C
rs10049646 14 2 14.3 4q28.3 C/T➝C
rs1386363 3 0 0 4q28.3 -
rs11099441 12 1 8.3 4q28.3 C/T➝T
rs3805315 15 1 6.7 4q31.1 C/T➝T
rs10033674 8 3 37.5 4q31.21 C/T➝T
rs7435720 28 3 10.7 4q31.22 C/T➝C
rs4574387 6 0 0 4q31.23 -
rs3733390 9 1 11.1 4q32.1 C/T➝T
rs10000610 8 1 12.5 4q32.1 C/T➝T
rs359512 13 2 15.4 4q32.2 C/T➝C
rs6536943 16 3 18.8 4q32.3 C/T➝C
rs1876442 23 8 34.8 4q33 C/T➝T
rs4695942 15 4 26.6 4q34.1 C/T➝C
rs1567475 17 6 35.3 4q34.3 C/T➝T
rs1514479 13 5 38.5 4q35.1 C/T➝C
rs2249916 17 8 47.0 4q35.2 C/T➝T
rs10027026 18 2 11.1 4q35.2 C/T➝C
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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Table II. Distribution of selected SNPs in genes around 4q34.3-4q35.2.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gene Region (bp) Cyto SNP
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

1 NEIL3 178,465K-178,524K 4q34.3 8
2 AGA 178,586K-178,603,600 4q32-q33 4
3 LOC285500 178,600K-178,838K 4q34.3 12
4 LOC285501 178,884K-179,153K 4q34.3 12
5 LOC643040 179,292,080-179,296,060 4q34.3 0
6 LOC391719 179,441,840-179,448,430 4q34.3 11
7 LOC643179 181,728,710-181,734,900 4q34.3 5
8 LOC643195 182,118,190-182,125,290 4q34.3 4
9 LOC132386 182,677,810-182,683,810 4q35.1 5

10 LOC643296 183,130K-183,246K 4q35.1 7
11 MGC45800 183,296,800-183,305,610 4q35.1 4
12 ODZ3 183,399K-183,962K 4q35.1 19
13 DCTD 184,045,200-184,078,600 4q35.1 9
14 LOC643437 184,192,900-184,240K 4q35.1 6
15 FLJ30277 184,252,170-184,260,350 4q35.1 2
16 BOMB 184,349K-184,477K 4q35.1 10
17 CLDN22 184,474,370-184,480,370 4q35.1 0
18 LOC643482 184,477,900-184,495,300 4q35.1 4
19 LOC643492 184,493,860-184,498,770 4q35.1 1
20 CARF 184,599,780-184,609,040 4q35.1 4
21 LOC389246 184,638,500-184,645,580 4q35.1 0
22 ING2 184,660,200-184,672,200 4q35.1 2
23 RWDD4A 184,793,800-184,820,300 4q35.1 8
24 FLJ12716 184,817,400-184,871,700 4q35.1 11
25 STOX2 185063503-185175869 4q35.1 10
26 ENPP6 185,244K-185,379K 4q35.1 11
27 LOC391722 185,454,300-185,478,500 4q35.1 3
28 MGC24125 185,495,900-185,515,100 4q35.1 6
29 IRF2 185,542,900-185,635,700 4q34.1-q35.1 11
30 CASP3 185,782,800-185,810,600 4q34 6
31 FLJ33167 185,807,900-185,856,100 4q35.1 4
32 MLF1IP 185,852,200-185,892,300 4q35.1 7
33 ACSL1 185,913,700-185,984,200 4q34-q35 9
34 LOC643036 185,956,450-185,957,188 4q35.1 0
35 HELT 186,174,080-186,179,220 4q35.1 3
36 SLC25A4 186,298,400-186,308,400 4q35 3
37 KIAA1430 186,309,900-186,367,500 4q35.1 6
38 SNX25 186,368K-186,522K 4q35.1 10
39 LRP2BP 186,522K-186,537,100 4q35.1 6
40 ANKRD37 186,551,830-186,561,380 4q35.1 3
41 FLJ11200 186,551,400-186,587,100 4q35.1 6
42 KM-HN-1 186,600,300-186,632,900 4q35.1 8
43 PDLIM3 186,656,900-186,696,700 4q35 8
44 SORBS2 186,741K-187,118K 4q35.1 9
45 TLR3 187,224,300-187,246,200 4q35 6
46 DKFZP564J102 187,300K-187,333,300 4q35.2 5
47 CYP4V2 187,346,700-187,374,600 4q35.2 8
48 KLKB1 187,382,700-187,419,600 4q34-q35 8
49 F11 187,421,300-187,449,900 4q35 7
50 LOC644042 187,483,800-187,532,500 4q35.2 6
51 MTNR1A 187,688,800-187,716,500 4q35.1 5
52 FAT 187,746K-187,882K 4q35 9
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in ice water for ~30 sec before opening. Slides were washed
at 56˚C with 1X SSC and 0.1% SDS for 10 min, twice with
0.2X SSC for 30 sec, and twice with 0.2X SSC for 30 sec.

Labelling probes by single-base extension. Probes were
labelled in 25 μl of labelling solution containing 1/7 volume
of Sequenase buffer (supplied by the vendor), 0.5 units/μl
Sequenase (Amersham Pharmacia Biosciences), Cy3-ddATP
and Cy5-ddGTP (PE Biosystems) for AG probes, and Cy3-
ddUTP and Cy5-ddCTP for CT probes (750 nM each). The
reaction was incubated at 70˚C for 10 min (not allowing it
to dry). Chambers were immersed in ice water for ~30 sec
before opening. Slides were washed under the conditions
specified for the washing after hybridisation, as described
above.

Data analysis. Microarrays were scanned with GenePix 4000B
(Axon Instruments). The resulting images were analysed with
GenePix Pro (Axon Instruments) software. Genotypes were
determined using the computer program AccuTyping.

Statistical analysis. The SPSS 15.0 software (SPSS Inc.,
Chicago, IL, USA) was used for all statistical analyses and
a p-value <0.05 was considered significant.

Results

Analysis of LOH on chromosome 4q. In this study, 42 SNPs
were first selected on chromosome 4q from the dbSNP
database (ftp://ftp.ncbi.nih.gov/snp/human/chr_rpts/)
maintained by NCBI. PCR primers and SNP probes of these
SNPs were designed by the software (27,28). Every pair of
primers was further selected by pretesting amplification in
order to guarantee only one specific product. Finally, 40 pairs
of primers were successfully determined. Multiplex ampli-
fication was performed as described in Materials and methods.
Cancer tissue and corresponding cancer-free tissue were

hybridised and labelled in two different matrixes of the same
chip under the same reaction conditions.

In this part of the results, the LOH frequency of 40 SNPs
on chromosome 4q in HCC varied. In all 69 HCC samples, at
least 1 patient was found to have one mutation of 35 out of
the total 40 SNPs, with the exceptions of rs722709, rs1386363,
rs755527, rs4574387 and rs867381 (Table I, Fig. 2). In
addition, 51 of 69 patients were found to have LOH on more
than one SNP. The highest frequency of LOH was found on
rs2249916 (47.0%), which was located at 4q35.2; the second
highest frequency of LOH happened on rs10013652 (45.4%)
of 4q26. There were 9 SNPs with frequencies of LOH >30%,
which were mainly clustered in two regions. rs2298732
(36.8%), rs965012 (32.0%) and rs10013652 (45.4%) were
located at 4q24-26; rs1567475 (35.3%), rs1514479 (38.5%)
and rs2249916 (47.0%) were located at 4q34.3-35. In addition,
rs7677254 (38.4%), rs10033674 (37.5%) and rs1876442
(34.8%) were located in 4q28.1, 4q31.2 and 4q33, respectively.

The correlation between SNPs with high frequency of
LOH and clinical parameters was examined using the ¯2 test.
This test found that, among SNPs with frequency of LOH
>30%, LOH of rs1567475 (4q34.3) and rs1514479 (4q35.1)
was shown to be correlated with the histological grade of
HCC (p<0.05, i.e., HCC with worse differentiation showed
higher frequency of LOH at these sites) but independent from
other clinical parameters such as age, gender, HBV infection,
serum AFP level, tumour size and hepatic cirrhosis (p>0.05).
LOH of rs7656234 (4q13.3) was found to be correlated with
HBV infection (p<0.05), in agreement with previous studies
(29) and suggested the existence of some HBV infection-
associated genes in this region. However, LOH of rs7656234
was independent from age, gender, serum AFP level, tumour
size, hepatic cirrhosis and histological grade (p>0.05).

Two regions (4q24-26 and 4q34.3-4q35) with a high
frequency of LOH on chromosome 4q were revealed by LOH
analysis of 40 SNPs, suggesting some hepatocarcinogenesis-
associated tumour suppressor genes in these regions, and
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Table II. Continued.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gene Region (bp) Cyto SNP
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
53 MRPS36P2 188,055,890-188,061,990 4q35.1 2
54 LOC644282 188,599,080-188,605,440 4q35.2 2
55 LOC644317 188,885,100-188,893K 4q35.2 1
56 LOC644325 188,901,280-188,907,660 4q35.2 5
57 LOC389249 189,125,350-189,132,430 4q35.2 1
58 ZFP42 189,150,900-189,166,200 4q35.2 2
59 FLJ25801 189,246,400-189,266,400 4q35.2 7
60 FLJ36180 189,297,590-189,305,640 4q35.2 3
61 LOC152663 189,504,550-189,511,400 4q35.2 2
62 LOC644491 189,544,100-189,560K 4q35.2 4
63 LOC401164 189,556K-189,763K 4q35.2 7
64 LOC644514 189,696,500-189,790K 4q35.2 6
65 LOC285442 189,838,100-189,900,200 4q35.2 8

Total 381
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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4q34.3-4q35 showed higher frequency of LOH than 4q24-26.
With regard to 4q34.3-4q35, there are many reports on
deletions in this region in HCC, but no hepatocarcinogenesis-
associated tumour suppressor genes have been found. There
have not even been any reports on screening hepatocarcino-
genesis-associated tumour suppressor genes on a large scale.
Therefore, in this study, we first carried out LOH analysis of
genes around 4q34.3-4q35 using SNP arrays, in order to
discover HCC-associated TSGs.

Identification of tumour suppressor genes around 4q34.3-
4q35 in HCC. To further search for the target TSGs in
the identified region, we first focused on the region around
4q34.3-4q35.2. Objective genes were selected in the 12-Mb
region. There were 65 genes according to the NCBI genome
database in 2005. Finally, 381 SNPs (Table II) were selected
inside or near 63 genes. No suitable SNPs were found in
the other 2 genes according to the series of criteria given in
Materials and methods. In total, 338 suitable pairs of primer-
probes were selected after software design and detection.

Similarly, cancer tissue and corresponding cancer-free
tissue were hybridised and labelled in two different matrixes
of the same chip under the same reaction conditions (Fig. 1).

These results showed that LOH frequency of 338 SNPs in
genes of the 4q34-35.2 region in HCC was different. In all
69 HCC samples, there were 65 (94.2%) samples with LOH
on more than one SNP. The highest frequency of LOH was
found on rs2048076 (46.7%), which was located inside
NEIL3; the second highest frequency of LOH was on

rs6830958 (41.2%) inside ING2. High frequency of LOH
>40% was found on rs10000856, which was located within
IRF2. There were 19 SNPs with frequency of LOH >20%
(Table III, Fig. 3). However, the rest of the SNPs had a
frequency of LOH <20% or no LOH.

Statistical analysis of the relationship between SNPs with
high frequency of LOH and clinical parameters suggested
that, among SNPs with frequency of LOH >20%, LOH was
independent from age, gender, HBV infection, serum AFP
level, tumour size, hepatic cirrhosis and histological grade
(p>0.05).

Discussion

The long arm of chromosome 4 (4q) is a hot region in tumour
studies. Recently, LOH of 4q has been detected in oeso-
phageal carcinoma, glioma, cervical carcinoma, carcinoma of
gallbladder and squamous cancer in head and neck (14-19).
Interestingly, there are many reports on higher frequencies of
LOH on 4q in hepatocellular carcinoma (20-22), and 4q has
become a hot region for discovery of TSGs associated with
HCC. So far, traditional microsatellite detection has still
been the primary method for detecting LOH on 4q in HCC.
Even when LOH analysis with SNP array has been used, it
has been performed as a general scan of the whole genome
of HCC (30). There is no report using SNP arrays in LOH
analysis on 4q.

In the present study, we first selected 42 SNPs on 4q,
which covered 4q and were distributed as evenly as possible
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Figure 1. Two representative SNP hybridization results. (A) Cancer tissue of sample 12; (B) corresponding cancer-free tissue of sample 12; (C) cancer
tissue of sample 18; (D) corresponding cancer-free tissue of sample 18. Each probe was printed twice and shown as neighbouring spots. Spots in red
and green, homozygous; yellow, heterozygous; and dark, low signal, but not necessarily no signal, or too low of a signal for genotype calls. White
panel without arrow indicates LOH. White panel with red arrow indicates LOH of rs6830958, which is homozygous in cancer tissue but heterozygous
in matched cancer-free tissue.
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with a separating distance of 350 kb. The fluorescence
intensity in cancer tissue and cancer-free tissue in the SNP
array was compared to discover SNPs with LOH and to
choose SNPs or regions associated with clinical parameters.

In all 69 HCC samples, 51 samples were found to have
more than one SNP with LOH. The total frequency of LOH
was 73.9%. The highest frequency of LOH was found on
rs2249916 (47.0%) located at 4q35.2; the second highest
frequency of LOH occurred on rs10013652 (45.4%) of 4q26.
There were nine SNPs with frequency of LOH >30%, which
were mainly distributed in two regions. rs2298732 (36.8%),
rs965012 (32.0%) and rs10013652 (45.4%) were located

at 4q24-26; rs1567475 (35.3%), rs1514479 (38.5%) and
rs2249916 (47.0%) were located at 4q34.3-35.

In our study, among SNPs with frequency of LOH >30%,
rs1567475 (4q34.3) and rs1514479 (4q35.1) were shown to
have LOH correlated with histological grade of HCC (p<0.05),
and poorly differentiated HCCs showed high frequency of
LOH at these two sites.

Several similar studies have been reported. Bando et al
(31) examined 96 primary HCCs for their patterns of allelic
loss at 39 microsatellite marker loci distributed along chromo-
some arm 4q and identified two distinct commonly deleted
regions: 4q21-22 and 4q35. Furthermore, allelic loss at 4q35
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Figure 2. Map of selected 40 SNPs on chromosome 4q and their frequency of LOH. The 9 SNPs with frequency of LOH >30% are marked with a transverse line.
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was more frequent in poorly or moderately differentiated
tumours than in well-differentiated tumours. In addition, they

also found allelic loss at 4q35 to be more frequent in tumours
larger than 2 cm in size, and in tumours that arose from liver
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Figure 3. Map of SNPs with high frequency of LOH and their located genes in 4q34-35.2. The 3 SNPs with frequency of LOH >30% are marked with a
transverse line.

Table III. Distribution of SNPs with high frequency of LOH in 4q34-35.2.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
SNP locus Informative No. of LOH Frequency of LOH (%) Gene Genotype
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
rs2048076 15 7 46.7 NEIL3 C/T➝C
rs4690567 16 4 25 LOC285501 C/T➝T
rs998326 5 1 20 LOC132386 C/T➝T
rs6814485 9 2 22.2 ODZ3 C/T➝C
rs6830958 17 7 41.2 ING2 C/T➝C
rs4862229 4 1 25 RWDD4A C/T➝C
rs7657090 18 5 27.8 FLJ12716 C/T➝C
rs13103966 22 5 22.7 ENPP6 C/T➝T
rs1049216 7 2 28.6 CASP3 C/T➝C
rs6817412 23 5 21.7 IRF2 C/T➝C
rs10000856 10 4 40 IRF2 C/T➝T
rs3108230 9 2 22.2 SNX25 C/T➝C
rs2120414 7 2 28.6 KM-HN-1 C/T➝C
rs9312338 13 3 23.1 SORBS2 C/T➝T
rs4862632 11 3 27.3 TLR3 C/T➝C
rs1877320 5 1 20 CYP4V2 C/T➝T
rs11132390 16 4 25 LOC644042 C/T➝T
rs4446379 7 2 28.6 LOC644325 C/T➝C
rs12502770 12 3 25 FLJ25801 C/T➝T
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

445-455.qxd  15/12/2009  03:26 ÌÌ  Page 452



cirrhosis as opposed to HCCs arising from chronic hepatitis.
Zhang et al (32) detected LOH on chromosome 4q using
PCR-simple sequence length polymorphism (PCR-SSLP)
on 10 high-polymorphic microsatellite markers in 56 HCC
and found that LOH on D4S426 (4q35), D4S1615 (4q31.1)
and D4S1652 (4q34-qter) was more frequent in poorly or
moderately differentiated HCC than in well-differentiated
HCC.

However, there were also some opposing results. For
example, Bluteau et al (33) systematically analysed 85
micro-satellite markers spanning chromosome 4q in a series
of 154 well-characterised primary liver tumours and defined
three minimal common regions of deletion (MCRDs) of 15, 9
and 8 Mb in the 4q22, 4q34 and 4q35 regions, respectively.
However, a search for relationships between the specific
regions of deletion and clinical parameters showed a
significant association of loss of the 4q34-35 region with
alcohol intake (p=0.005) and with high grade of differen-
tiation (p=0.02). The study results were inconsistent with
those of Bando et al (31) and Zhang et al (32).

Furthermore, in our study, LOH of rs7656234 (4q13.3)
was correlated with HBV infection (p<0.05), which was in
agreement with previous studies (29), and suggests the
possiblity of some HBV infection-associated genes in this
region.

Similar results have been reported in many studies. Yeh
et al (34) investigated allelic loss on chromosome 4q using
13 sets of microsatellite polymorphic markers in 42 HCC
samples and showed 77% allelic loss on chromosome 4q
with the common region mapped to 4q12-23. In addition, the
allelic loss of chromosome 4q was significantly associated
with hepatocellular carcinoma having elevated serum AFP.
They then detected 149 HCC samples using 49 microsatellite
markers and identified a common region with allelic loss
between D4S1534 and D4S1572. In these HCCs, 4q allelic
loss was associated with hepatitis B virus infection status
and the elevation of serum AFP. Marchio et al (35) compared
the comparative genomic hybridisation (CGH) analysis
of 34 HCCs resected on non-cirrhotic livers from patients
serologically negative for both hepatitis B (HBV) and C
(HCV) viruses with the CGH analysis of 50 HCCs selected
on the basis of their positivity for HBV infection. They found
a significant decrease (40% on average) of losses on 4q, 16q
and 17p in non-viral HCC samples, suggesting that these
abnormalities are tightly associated with HBV infection.

On the contrary, Zhang et al (36) examined loss of
heterozygosity at 34 loci on 23 chromosomes in 35 surgically
resected human hepatocellular carcinomas and found that
LOH on chromosomes 4 seemed to be important in the
development of human hepatocellular carcinoma irrespective
of the presence of hepatitis B virus infection.

Furthermore, there have been studies on other deletion
regions of chromosome 4q. Hammond et al (37) examined
the frequency of genetic alterations in 28 HCC cases using
short tandem repeat (STR)-microsatellites and restriction
fragment length polymorphism (RFLP) analyses, and found
the 4q28 region to have one of the highest frequency of
alterations. Moreover, the deletion frequency of 4q28 was
higher in males than in females, indicating important TSGs
associated with gender within this region. In the present study,

we also identified a high frequency of LOH of rs7677254 at
4q28.1, suggesting the region 4q28 has a common allelic
loss. However, we did not find any correlation between the
LOH of rs7677254 and clinical parameters such as age,
gender, HBV infection, serum AFP level, tumour size,
hepatic cirrhosis and pathological grade (p>0.05). Further
research is still needed to determine the relationship between
LOH of 4q28 and gender.

Based on our study and many other previous reports, it
seems clear that high frequency of LOH is common at 4q24-
26 and 4q34.3-4q35. A search of 4q24-26 in the NIH genome
database found 138 genes in this region. However, very few
of those genes are related to cell growth. Only caspase-6
and RAC1P5 seem to be more important for tumour growth.
In contrast, 4q34.3-4q35, especially 4q35.2 with the highest
frequency of LOH, seems to have important genes involved
in cell growth, and cell cycle regulation.

So far, hepatocarcinogenesis-associated TSGs have
not been reported at 4q34.3-4q35, and there have not even
been any studies on screening HCC-associated TSGs on a
large scale within this region. In the present study, to further
identify any HCC-associated TSGs, we first scanned all 65
genes within 4q34.3-4q35 using SNP arrays developed by
us.

Out of the first selected 381 SNPs inside or near these
65 genes, only 338 pairs of primer-probes were suitable
following software design and detection. The hybridisation
results and analysis showed that the frequency of LOH in
338 SNPs was quite different. In all 69 HCC samples, there
were 65 (94.2%) samples with LOH in more than one SNP,
and 19 SNPs showed frequency of LOH >20%. The first three
SNPs with the highest frequency of LOH were rs2048076
(46.7%), rs6830958 (41.2%) and rs10000856 (40%), which
were located inside NEIL3, ING2 and IRF2, respectively.

NEIL3 (nei endonuclease VIII-like 3), first named as
FPG2, was discovered by Bandaru et al (38) in 2002. It is one
of the members of the Fpg/Nei family primarily found in
the bacterial kingdom, showing homology with DNA glyco-
sylase. Oxidative base damage leads to alteration of genomic
information and is implicated as a cause of aging and carcino-
genesis. DNA glycosylases initiates base excision repair
(BER) by hydrolysing the N-glycosidic bond and releasing
the damaged base (39). NEIL3, as a kind of DNA glyco-
sylase, may be involved in carcinogenesis. In this study,
NEIL3 was found to have high frequency of LOH, suggesting
a relationship between NEIL3 genetic abnormalities and
hepatocarcinogenesis. However, existing studies could not
answer whether NEIL3 is an HCC-associated TSG. Further
studies are still needed.

Interferon regulatory factor 2 (IRF2) is another gene with
higher frequency of LOH in our study. The protein encoded
by IRF2 is among the members of the interferon regulatory
factor family, which have thus far been shown to be tran-
scriptional mediators in many biological processes, including
innate and adaptive immune responses, cell growth regulation
and apoptosis, and hematopoietic development (40-43). IRF2
was initially found to antagonise IRF1 in terms of transcrip-
tional activity (44). In contrast to the anti-oncogenic activity
of IRF1, IRF2 shows oncogenic potential: NIH3T3 cells with
overexpressed IRF2 became transformed and were more
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tumourigenic in nude mice, indicating IRF2 as a potential
oncoprotein (45). One putative mechanism of the oncogenic
activity of IRF2 is that IRF2 antagonises the antiproliferative
action of IRF1 by competing for binding sites in the promoters
of several growth-suppressing genes (46-48). Consistently,
several studies showed that the IRF2 expression level
increased in clinical samples from oesophageal squamous
cell cancer (49) and breast cancer (50), whereas the IRF1
expression level decreased in these cancers. In this study,
IRF2 showed higher frequency of LOH. However, there has
not been any report on the function of IRF2 as a TSG in
HCC.

The inhibitor of growth family member 2 (ING2), cloned
and mapped to human chromosome 4q35 (51,52), is an
important member of the ING family, which encodes a series
of proteins that are important cofactors of p53 associated with
cell cycle progression, apoptosis, and DNA repair (51,53). A
number of studies indicated that ING2 possessed tumour-
suppressive functions, such as induction of growth arrest,
senescence, apoptosis and enhancement DNA repair (52,54-
57). Recently, there have been several reports on the role of
ING2 as a candidate TSG in human cutaneous melanomas
and lung cancer (58,59). In our study, we found it to have a
high frequency of LOH in HCC, indicating its possible
function as a TSG in HCC. In fact, in a previous study (60),
we investigated the expression pattern of ING2 in primary
HCC, further elaborated its relationship with clinico-
pathological features, and evaluated its prognostic value for
prediction of post-resectional survival in HCC. The findings
suggested that ING2 down-regulation frequently occurred in
HCC and that its significantly decreased expression in HCC
may lead to an unfavourable prognosis. The study results
suggest that ING2 may be a candidate tumour suppressor
gene for HCC and that ING2 may have diagnostic and
therapeutic potential for patients with HCC. However,
elucidation of the molecular mechanism used by the target
TSG ING2 to perform its role in liver carcinogenesis and
the possibility that AFP is one of the downstream effectors
regulated by ING2 is worthy of future study.

In conclusion, the SNP array used in this study was a
practicable and reliable technique for scanning SNPs with
high frequency of LOH. In this method, primer-probes were
designed according to different hot spots following the pre-
paration and analysis of microarrays. Experimental flexibility
was thus greatly improved compared with commercial arrays.
In addition, as a high-throughput experimental technique,
SNP arrays can be used to analyse hundreds of loci, critically
boosting experimental efficiency. For large sample size
analyses, considerable expenditures are needed to purchase
commercial arrays. However, lower expenditures are sufficient
for the SNP arrays that we spotted ourselves, and larger
sample sizes lead to even lower expenses. The data from this
study not only validate the use of SNP arrays for research
itself but also emphasises the potential of such high-through-
put approaches for use in the clinical setting.
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