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Abstract
AIM: To study the characteristics of APC (adenomatous 
polyposis coli) gene germline mutation in Chinese 
patients with familial adenomatous polyposis (FAP). 

METHODS: APC gene from 14 FAP families was 
amplified by polymerase chain reaction (PCR) and 
underwent direct sequencing to determine the micromu-
tation type. For the samples without micromutation, 
the large fragment deletion of APC  gene was examined 
by multiplex ligation-dependent probe amplification 
(MLPA). 

RESULTS: There were gene micromutations in 9 
families with a micromutation detection rate of 64.3% 
(9/14), including 6 frameshift mutations (66.7%), 1 
nonsense mutation (11.1%) and 2 splicing mutations 

(22.2%). Large fragment deletions were detected by 
MLPA in 2 families. The total mutation detection rate 
of micromutations and large fragment deletions was 
78.6% (11/14). 

CONCLUSION: The detection rate of APC  gene germ-
line mutation can be improved by direct sequencing 
combined with MLPA large fragment deletion detection. 
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INTRODUCTION
Familial adenomatous polyposis (FAP) is a rare autosomal 
dominant genetic disease, with an approximate incidence 
rate of  1/10 000. Clinical manifestations are mainly 
multiple adenomatous polyps in the large intestine (more 
than 100 polypi in total), and most of  these patients fall 
ill in adolescence. Adenomatous polyps are a type of  
precancerous lesions. Thereby, cancerization will occur 
before the age of  40 years in almost 100% of  patients 
without treatment. It was shown that the occurrence of  
FAP was related to APC (adenomatous polyposis coli) gene 
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mutations located at 5q21-q22[1]. APC gene micromutations 
were identified in about 60%-70% of  FAP patients[2], while 
large fragment deletion mutations of  APC gene were 
identified in 10%-15%[3,4]. APC gene mutation screening in 
FAP patients and their family members cannot only further 
explore the pathogenesis of  FAP and understand the APC 
gene mutation spectrum of  Chinese FAP, but also predict 
the risk of  FAP in “healthy members” of  their families. It is 
also helpful for monitoring and in the clinical treatment of  
high-risk individuals with mutant genes, and can effectively 
decrease the incidence and mortality of  FAP[5]. At present, 
only a few studies of  Chinese FAP have been reported, 
and smaller sample size and lower detection rate (mostly 
at 50%) were the main problems in these studies. In order 
to further understand APC gene mutations in Chinese 
patients with FAP, a total of  14 FAP families were detected 
by direct sequencing combined with large fragment deletion 
detection in this study. 

MATERIALS AND METHODS
Patients
From 2002 to 2008, 14 patients from FAP families 
diagnosed and treated in the General Hospital of  Beijing 
Military Region were enrolled in this study. Diagnostic 
criteria were as follows: (1) more than 100 adenomatous 
polypi in total; (2) more than 20 adenomatous polypi 
in patients with a family history of  FAP. The patients 
which included 7 males and 7 females were from Beijing, 
Hebei, Henan, Anhui, Inner Mongolia, Shan’xi, Fujian 
Provinces and other regions, and were aged 12-57 years 
(mean 35.21 years) with an onset age of  8-57 years (mean 
28.14 years). All patients gave written informed consent.

Genomic DNA extraction
Ten milliliter peripheral venous blood was drawn from 
FAP patients and genomic DNA was extracted by the 
phenol/chloroform/isoamyl alcohol method.

Primer synthesis
Primer sequences for APC gene exons 1-15 were syn-
thesized by Shanghai Sangon Biological Engineering 
Technology & Services Co. Ltd, as previously described[6]. 

PCR
Twenty microlitre PCR amplification reaction system 
contained 100 ng template DNA, 0.2 mmol/L of  dNTP, 
1.5 mmol/L of  Mg2+, 0.1-0.2 μmol/L of  upstream and 
downstream exon primers and 1-1.5 U TaqDNA poly-
merase. PCR reaction conditions were as follows: initial 
denaturation at 94℃ for 5 min, followed by 35-40 cycles 
of  denaturation at 94℃ for 30 s, annealing for 30 s and 
extension at 72℃ for 30 s, and a final extension at 72℃ 
for 5 min, preservation was carried out at 4℃. After 1.5% 
agarose gel electrophoresis (containing EB dye), PCR 
products were observed by a gel imaging instrument. 
Fragment sizes of  PCR products were indicated with 
DL2000 DNA Marker.

DNA sequencing
PCR reaction products were purified, and sequencing 
was performed by a DNA automatic sequencer (ABI 
PRISM 3730XL, USA). Changes in base sequence were 
confirmed by reverse sequencing.

Biological analyses
Sequence analyses were performed by BioEdit software. 
For the changed base sequences, the mutational site and 
type were determined in NCBI, and then the mutations 
were identified as new by referring to the mutations 
reported in the Human Gene Mutation Database (http://
www.hgmd.cf.ac.uk/ac/gene.php?gene=APC) and the 
UMD-APC mutations database (http://www.umd.be/
APC/).

Detection of large fragment deletions
Large fragment deletions were detected by multiplex 
ligation-dependent probe amplification (MLPA) only in 
samples without micromutations, and the experimental 
procedures followed the instruction manual of  the MLPA 
kit (SALSA MLPA kit P043 APC, MRC-Holland, Amster-
dam, the Netherlands). One hundred nanogram template 
DNA was denatured at 98℃ for 5 min and hybridized 
with the probe liquid at 60℃ overnight, subsequently, with 
thermal stability enzyme ligase 65, and spliced with long 
and short probes with the same sequences at 54℃ for  
15 min. Finally, the spliced probes were amplified by PCR 
with universal primers. Electrophoresis and collection of  
PCR amplification products were finished in an ABI 3700 
sequenator, and the results were analyzed by GeneMapper 
software to obtain a peak map and peak area.

RESULTS
A total of  9 micromutations were identified by direct 
sequencing among these 14 unrelated FAP families with a 
mutation rate of  64.3%, including 6 frameshift mutations 
(66.7%), 2 splicing mutations (22.2%) and 1 nonsense 
mutation (11.1%), of  which 4 mutations including c.2336-
2337insT, c.3923-3929delAAGAAAA, c.532-2A>T and 
c.4179-4180GAdelinsT have not previously been reported 
(Table 1 and Figure 1). Among the 5 patients without 
micromutations identified by direct sequencing, large 
fragment deletions were identified by the MLPA method 
in 2 patients, including large fragment deletions of  exon 
11 and 10A (Alternative exon) in one patient and a large 
fragment deletion of  exon 15 start in another patient 
(three probes included start, middle and end in the MLPA 
detection of  exon 15), and these two large fragment 
deletions have not previously been reported (Table 1 and 
Figure 2). 

The detection rate of  large fragment deletions in 
APC mutation-negative patients was 40%, while the total 
mutation rate of  micromutations and large fragment 
deletions was 78.6%. Meanwhile, 7 Snp sites were detected 
in 14 families (Table 2). Missense mutations including 
c.2753C>A, c.4007G>C and c.3964C>T were found in 
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families 3, 11 and 14 besides frameshift mutations, large 
fragment deletions and splicing mutations, respectively. 
Due to difficulty in assessing pathopoiesis of  missense 
mutations, these 3 missense mutations were excluded 
in the calculation of  the mutation detection rate during 
analyses of  the results. Moreover, one base substitution 
of  intron 14 (c.653+8T>C) was found in family 13. Due 
to unknown effects of  intron mutation, this was also 
excluded in the calculation of  the mutation detection rate.

DISCUSSION
APC gene, a tumor suppressor gene, is the key gene in 
FAP. It is located at 5q21-q22 and contains an 8538 bp 
open reading-frame and a total of  15 exons. The APC 
gene product, APC protein, is a multi-regional binding 

protein containing 2843 amino acids. The majority of  
APC gene mutations will result in the earlier formation 
of  terminal codons in downstream. APC protein will 
loose biological activities due to its truncated change. 
Although there are numerous methods for detecting 
APC gene micromutations, direct sequencing is the most 
direct and accurate method. MLPA is a new method for 
detecting large fragment deletions which is rapid, sensitive, 
specific and reliable and has other advantages. In order to 
improve the detection rate of  APC gene mutations, direct 
sequencing and the MLPA method for detecting large 
fragment deletions were combined in this study.

Direct sequencing showed that the APC gene muta-
tion rate in Chinese FAP patients (Mainland) was 64.3%, 
which was significantly higher than that in Taiwan (50%)[6],  
Hong Kong (50%)[6] and other reports in the Mainland 
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Table 1  Micromutations and large fragment deletions of APC gene germline mutation in Chinese patients with familial adenomatous 
polyposis detected in this study

Family No. Exons/introns Base changes Protein changes Mutation types

2 Exon15 c.3927-3931delAAAGA p.Glu1309AspfsX4 Frameshift mutation
3 Exon15 c.4179-4180GAdelinsT1 p.Asp1394LeufsX21 Frameshift mutation
4 Exon15 c.2336-2337insT1 p.Leu779PhefsX9 Frameshift mutation
5 Exon10 c.1327G>T p.Glu443X Nonsense mutation
6 Exon15 c.3923-3929delAAGAAAA1 p.Lys1308ArgfsX11 Frameshift mutation
7 Intron7 c.657+1 G>A Splicing mutation
8 Exon15 c.3183delACAAA p.Gln1062X Frameshift mutation
10 Exon15 start1 Large fragment deletion
11 10A (Alternative exon) and Exon111 Large fragment deletion
12 Exon15 c.3202_3205delTCAA p.Ser1068GlyfsX57 Frameshift mutation
14 Intron4 c.532-2A>T1 Splicing mutation

1Micromutations or large fragment deletions were not reported previously. Mutation sequencing was shown in Figure 1; Peak of large fragment deletion 
was shown in Figure 2.

Family No.2 c.3927-3931delAAAGA

390 280 360

Family No.3 c.4179-4180GAdelinsT Family No.4 c.2336-2337insT

 A      G  A      A A       G G      A       A  C        T   T       G   T       T   A       T  T       T    T       T         A      A         G        C

Family No.5 c.1327G>T

220 380 300

Family No.6 c.3923-3929delAAGAAAA Family No.7 c.657+1 G>A

  G        T        T        T         A       A      C       A    T      A      A     A       A     T       A      G       C        A       G      A        T       A      A      A

Family No.8 c.3183delACAAA 

160 180 210

Family No.12 c.3202-3205delTCAA Family No.14 c.532-2A>T

 A       A      A        G T      G      A        G C    C      A   A       T  G       A  A      T       C   T     T      T    T     G  T      T     T     T

Figure 1  DNA sequencing of micromutations.
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(48.39%[7] and 50%[8]). This difference in Chinese APC 
gene mutation rates might result from different human 
subjects and detection methods and small sample sizes. 
The detection rate in this study was close to that in Japan 
(67%[9] and 64.67%[10]), lower than that in Greece (83%)[6] 
and Chile (87.5%)[11], and slightly higher than that in the 
Czech Republic (59.3%)[12], Slovakia (61.5%)[12] and South 
Korea (61%)[13]. Combined with the MLPA method for 
detecting large fragment deletions, the total detection 
rate of  APC gene mutations was up to 78.6%, which was 
higher than that reported in Czechoslovakia (67.6%)[9].

Among the 9 micromutations detected, the majority 
were frameshift mutations (66.7%) located at exon 15 
(66.7%). Eventually, 77.8% of  the mutations including 
nonsense mutations and frameshift mutations resulted in 
the earlier formation of  terminal codons, and truncated 
changes were found in APC proteins. Substitution of  
bases in site +1 of  exon 7 splicing district in family 7 and 
in site -2 of  exon 5 splicing district in family 14 might lead 
to abnormal mRNA splicing. Therefore, the synthesized 
proteins were different from the wild-type. Four new 
micromutations found in this study were located at codon 
779, 1308, 1394 and c.532-2, respectively.

With the exception of  the above-mentioned 9 micro-
mutations, 7 Snp sites were identified in this study, which 
was consistent with NCBI reports. Base substitution located 
at c.653+8 in intron 14 was found in family 13. However, 
the mechanisms of  intron mutation are not yet understood. 
Therefore, the relationship between the mutation at c.653+8 
and the onset of  FAP should be studied further.

We also found two mutations in one family, including: 
(1) a frameshift mutation c.4179-4180GAdelinsT and a 
missense mutation c.2753C>A in family 3; (2) large frag-
ment deletions of  exon 10A and exon 11 and a missense 
mutation c.4007G>C in family 11; and (3) splicing muta-
tions c.532-2A>T and a missense mutation c.3964C>T 
in family 14. Because the frameshift mutation in family 3,  
large fragment deletion in family 11 and splicing muta-
tion in family 14 were definite pathogenic mutations, it 
was difficult to identify the pathopoiesis of  simultaneous 
missense mutations, indicating that undetected definite 

pathogenic mutations would decrease after comprehensive 
screening for all exons of  APC genes combined with large 
fragment deletion detection. Therefore, functional experi-
ments should be carried out to identify the pathopoiesis 
of  missense mutations and understand the causal relation 
with occurrence of  diseases.

Two large fragment deletions were found by the 
MLPA method in patients without micromutations de-
tected by direct sequencing. Deletions of  10A and exon 
11 were found in one case. Because 10A was located at 
1.6 kb in the downstream of  exon 10, this indicated that 
deletions of  exon 10A and exon 11 including some parts 
of  intron 10 existed in this case. Deletion of  exon 15 
start was found in another case. These two large fragment 
deletions have not been reported in the Human Gene 
Mutation Database (http://www.hgmd.cf.ac.uk/ac/gene.
php?gene=APC). MLPA showed that the detection rate 
of  large fragment deletions in patients without APC gene 
mutations was 40% (2/5), which was higher than that in 
Belgium (15%)[3] and the Netherlands (6.4%)[14]. Because 
of  the small sample size in the research on large fragment 
deletions (5 cases) and few reports on APC gene large 
fragment deletions in Chinese patients, studies on APC 
gene large fragment deletions in Chinese FAP need to be 
carried out with a larger sample size.

In addition, 10A, an additional APC gene exon, was 
found recently located at 1.6 kb in the downstream of  
exon 10. 10A consisted of  54 bases encoding 18 amino 
acids[15]. One case of  10A deletion was detected in this 
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Table 2  Snp sites of APC gene germline mutation in Chinese 
patients with familial adenomatous polyposis detected by 
DNA sequencing

Exons APC gene loci Base changes Ncbi dbsnp ID Positive families 

Exon11 89271 C/T refSNP ID: 
rs2229992

1-8; 10; 12-14

Exon13 90978 A/G refSNP ID: 
rs351771

1-12

Exon15 102187 A/G refSNP ID: 
rs41115

1-7; 9-14

Exon15 102742 A/G refSNP ID: 
rs42427

1-14

Exon15 102976 G/T refSNP ID: 
rs866006

1-13

Exon15 103173 A/T refSNP ID: 
rs459552

1-14

Exon15 103588 A/G refSNP ID: 
rs465899

1-14

2000

1000

0
Normal control 

2000

1600

1200

800

400

0
Family No.10 Exon15 star deletion

3000

2000

1000

0
Family No.11 Exon11 and 10A (Alternative exon) deletion

Figure 2  Peak of large fragment deletion detected by multiplex ligation-
dependent probe amplification (MLPA). Arrows show the reduced relative 
peak area of the amplification product of that probe which means heterozygous 
deletions of corresponding exons.
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study. Therefore, APC gene screening should include 
exon 10A. Recently, the studies on MYH genes and MYH 
associated polyposis (MAP) revealed that MAP accounted 
for 5%-7.5 % of  FAP. It was found by Sieber et al[16] that 
diallelic MYH mutations accounted for 6.6 % of  polyposis 
families without APC gene mutations, and accounted for 
almost one third of  FAP in families with attenuation-
type familial adenomatous polyposis. Detection of  MYH 
gene mutations should be performed in patients who 
have no mutations shown by mutation detection and large 
fragment deletion detection of  APC genes.

In conclusion, there were a variety of  APC gene muta-
tions in Chinese FAP, and mutation detection rates were 
relatively high. Four new micromutations and 2 new large 
fragment deletions were found in this study. APC gene 
mutation detection rates could be improved effectively by 
direct sequencing combined with the MLPA method for 
large fragment deletions. Therefore, it was very necessary 
to add large fragment deletion detection to conventional 
detection of  molecular genetics.
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