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OBJECTIVE    To investigate homozygous deletions and 
mutations in the CDKN2A gene (p16INK4a and p14ARF gene) in 
hydatidiform moles. 
METHODS    A total of 38 hydatidiform mole samples and 30 
villi samples were examined for homozygous deletions in the 
CDKN2A gene by PCR and for mutations by DHPLC. 
RESULTS     i )  Among 38 hydatidiform mole samples, 
homozygous deletions in the p16INK4a exon 1 were identified in 
5 cases (13.2%), while no homozygous deletions were found in 
the p16INK4a exon 1 of 30 early-pregnancy samples. The rates of 
those deletions in hydatidiform compared to early-pregnancy villi 
samples was statistically signifi cant (P = 0.036). ii) No homozygous 
deletions in the p14ARF exon 1 or p16INK4a exon 2 were found in 
any of the hydatidiform moles or early-preganancy samples. iii) 
In all hydatidiform moles and early-pregnancy villi samples, no 
mutations were detected by DHPLC. 
CONCLUSION    We suggest there may be a close correlation 
between homozygous deletions in the CDKN2A gene and 
occurrence of hydatidiform moles variation in the CDKN2A gene 
is mainly caused by homozygous deletions, while mutations may 
be not a major cause. 
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Introduction

Hydatidiform moles are the most common gestational trophoblastic 
disease. They are formed by excessive proliferation of gestational 
trophoblastic cells of the placental villi, and are prone to invasion 
elsewhere. The cyclin-dependent kinase inhibitor gene (CDKN2A), 
which includes the p14ARF and p16INK4a genes, is a tumor suppressor 
gene with genetic variations that have been found in many tumors in 
previous studies. This study was designed to detect homozygous dele-
tions in the of CDKN2A gene in hydatidiform moles using the poly-
merase chain reaction (PCR) and to detect mutations by denaturing 
high performance liquid chromatography (DHPLC). We also aimed to 
fi nd potential relationships between variations in the CDKN2A gene 
and occurrence of hydatidiform moles.

Materials and Methods

Subjects
The study was approved by the ethics committee of Peking Univer-
sity Third Hospital. Informed consent was obtained from all patients. 
A total of 38 hydatidiform mole villi samples and 30 early-pregnancy 
villi samples were included in our study. The tissues were collected 
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from Peking University Third Hospital, Beijing Haidian 
Maternal and Child Health Hospital and Affi liated First 
Hospital of Liaoning Medical College. 

DNA extraction
Early-pregnancy villi samples and typical hydropic 
vesicles of hydatidiform mole villi tissues were washed 
3 times in a precooled NaCl solution in order to remove 
any possible blood. Then the samples were ground in a 
tissue grinder with 3~4 volumes of liquid which includ-
ed 20 mmol/L Tris, 100 mmol/L NaCl and 50 mmol/L 
EDTA (pH 7.5) to produce a cell suspension to which 
proteolytic enzyme K and SDS were subsequently add-
ed. Genomic DNA was extracted using phenol and chlo-
roform after which it was dissolved in TE (10 mmol/L 
Tris-HCl, 1 mmol/L EDTA) liquid followed by freezing 
at -20℃ until use.

PCR primers
Primers for the p14ARF exon 1 and β-actin gene were 
synthesized according to previous literature[1] by the 
Beijing Augct Technologic Co. which also designed 
and synthesized primers for the p16INK4a exon 1 and 2. 
The primer sequences were as follows: β-actin (193 
bp) sense: 5’-GCA TCC ACG AAA CTA CCT TC-3’;; 
antisense: 5’-TCA GCT CAG GCA GGA AAG AC-3’ 
p14ARF exon 1 (149 bp) sense: 5’-GAG TGA GGG TTT 
TCG TGG TT-3’; antisense: 5’-GCC TTT CCT ACC 
TGG TCT TC-3’. p16INK4a exon 1 (384 bp) sense: 5’
-TAG CAC CTC CTC CGA GCA CTC-3’; antisense: 
5’-CAG ACC CTC TAC CCA CCT GGA-3’. p16INK4a 
exon 2 (386 bp) sense: 5’-CCT GGC TCT GAC CAT 
TCT GTT C-3’; antisense: 5’-GCT TTG GAA GCT 
CTC AGG GTA C-3’.

PCR amplication of the p14ARF exon 1, β-actin, and 
p16INK4a exon 1 and 2
The total reaction volume was 25 μl and amplication pa-
rameters were set as follows: pre-degeneration for 5 min 
at 94℃, degeneration for 30 s at 94℃, annealing for 30 
s at 57℃, elongation for 30 s at 72℃ with 35 cycles and 
fi nal elongation for 7 min at 72℃. Then the PCR ampli-
fi ed products were examined by 1.5% agarose gel elec-
trophoresis.

DHPLC detection
DHPLC detection was performed using the WAVEDNA 
fragment analysis system (Transgenomic, Santa Clara, 
CA). Before conducting the DHPLC procedure, ampli-
fi ed products were mixed with a reference PCR product 
(wild-type). Then the mixture was subjected to a 3-min 
95℃ denaturing step followed by gradual reannealing 
from 95℃ to 45℃ within a period of 30 min to form 
potential heteroduplexes. The mobile phase was a 0.1 
M triethylammonium acetate buffer at pH 7.0 (TEAA), 
also containing 0.1 mM EDTA. Then the mixture was 
eluted with a linear acetonitrile gradient of 1.8% per min 
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Fig.1. PCR amplication products of the p16INK4a exon 1 and β-actin. 
P16INK4a exon 1 amplifi ed products of hydatidiform mole samples num-
bered as 10 and 12 failed to be  detected while their β-actin products 
were well amplifi ed.

at a flow-rate of 0.9 ml/min. The start- and end-points 
of the gradient were adjusted according to the size of 
the PCR products. Generally, analysis took less than 8 
min, including column regeneration and re-equilibration 
to the starting conditions. The temperature required for 
successful resolution of the heteroduplex molecules was 
determined empirically by injecting PCR products at 
increasing mobile phase temperatures until a signifi cant 
decrease in retention was observed. At this point, at least 
95% of all mismatches can be detected, with further im-
provements in resolution.

Results

PCR amplication of the p14ARF exon 1, β-actin, and 
p16INK4a exon 1 and 2
Serving as a control, β-actin was amplified along with 
all 38 hydatidiform mole and 30 villi samples. No ho-
mozygous deletions in the p14ARF exon 1, p16INK4a 
exon 1 or 2 were detected in all 30 early-pregnant villi 
samples. There were no homozygous deletions in the 
p14ARF exon 1 or p16INK4a exon 2 in 38 hydatidiform 
mole samples, while the p16INK4a exon 1 products of the 
5 hydatidiform mole samples failed to be detected by 
agarose gel electrophoresis (Fig.1). The homozygous 
deletion rate in the p16INK4a exon 1 between the hydatidi-
form mole and early-pregnant villi samples was statisti-
cally signifi cant (P = 0.036).

DHPLC analysis
After DHPLC analysis, all spectra of the PCR amplica-
tion products of the p14ARF exon 1 and p16INK4a exon 
1 and 2 were single peak curves which indicated that 
the sequences of the amplifi ed products were coincident 
with the wild-type, and no mutations existed (Fig.2).

Discussion

The human CDKN2A gene which is located on chromo-
some 9p21 is a cyclin-dependent kinase inhibitor gene 
that encodes 2 different tumor suppressor proteins. One 
is designated as p16INK4a which is encoded within exon 
1α, exon 2 and 3. The other is designated as p14ARF 
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and is encoded within exon 1β, exon 2 and 3. The 
p16INK4a and p14ARF genes share exon 2 and 3, while 
they have different open-reading frames and their amino 
sequences are quite disparate. The CDKN2A gene 
regulates cell proliferation by 2 different pathways[2]: 
p16INK4a-CDK4/CDK6-pRb and p14ARF-mdm2-p53. 
Variation of the gene or inactivation of the protein will 
result in loss of control of regulatory pathways, exces-
sive cell proliferation and induction of tumorigenesis[3-5].
    DHPLC is a sensitive technique for mutation detec-
tion[6,7]. The technique separates heteroduplex from 
homoduplex molecules by ion-pair reverse-phase liq-
uid chromatography and, since it is automated, renders 
screening for mutations in a less expensive and timely 
manner. The power of the approach is especially realized 
in those instances when sequence variation is low, and 
consequently only homoduplex patterns are typically 
observed[8,9]. In our study, all spectra of PCR products of 
the p14ARF exon 1 and p16INK4a exon 1 and 2 were single 
peak curves, indicating that sequences of the amplifi ed 
products were coincident with the reference (wild-type) 
sequences and no mutations existed. 
    Homozygous deletions in the p16INK4a exon 1 were de-
tected in 5 hydatidiform mole cases in our study. These 
genetic variations may result in disordered regulation, 
abnormal cell division and excessive proliferation, sug-
gesting that the genetic variation of the CDKN2A gene 
may be related to proliferation of the placental hydatidi-
form moles. Wang et al.[10] reported that deletion rates of 
the p16 gene and p15 gene and their proteins were sig-
nifi cantly higher in hydatidiform moles compared to in 
villi samples. In 2004, Xue et al.[11] detected hypermeth-
ylation of genes (p16, HIC-1, TIMP-3, GSTP1, DAPK, 
E-cadberin) in hydatidiform mole and chorioepithelioma 
samples using methylation specific PCR (MSP), and 

← p16INK4a exon 1-11
← p16INK4a exon 1-31

← p16INK4a exon 1-20

← p16INK4a exon 1-23

← p16INK4a exon 1-13

Fig.2. DHPLC detection for p16INK4a exon 1 amplication 
products.

found that hypermethylation of the p16 gene showed a 
highly correlated relationship with the progression of 
hydatidiform moles. 
    Variations in the p16INK4a/p14ARF genes, including ho-
mozygous deletion, heterozygous deletion, mutation and 
promoter hypermethylation, have been found in many 
kinds of tumor malignancies. Pineau et al.[12] detected 
homozygous deletions in 246 gene sites in lung cancer, 
ovarian cancer and squamous cell carcinoma of the 
head and neck, and found that homozygous deletions of 
p16INK4a/p14ARF were the most common event.     
    In 2005, Grafstrom et al.[13] studied the relationship 
between homozygous deletions of the INK4 gene in 86 
malignant melanoma patients and their prognosis, and 
found that these deletions were the most important ge-
netic change which correlated to poor prognosis. Using 
Southern blots, PCR-single-strand conformation poly-
morphism (PCR-SSCP), MSP and reverse transcription 
PCR (RT-PCR), Chang et al.[14] detected variations in the 
p16INK4a/p14ARF gene, and discovered that most deletions 
occurred in exon 2, and that promoter hypermethylation 
took place in 60% of the cases. All the above studies 
indicated that variations in the p16INK4a/p14ARF gene ex-
isted in numerable tumors and related to their progres-
sion .  
    In conclusion, our results indicated that homozygous 
deletions in the CDKN2A gene were highly related to 
the occurrence of hydatidiform moles, while mutation 
may be not the major cause for its genetic variation. 
Combined with previous studies, we suggest that ho-
mozygous deletions and promoter hypermethylation of 
the CDKN2A gene may be the major cause for its varia-
tions in hydatidiform moles. Further studies with larger 
number of cases should be conducted to explain the oc-
currence of these tumors, and to elucidate their develop-
ment.

References

1 Tian G, Ma J, Wang J. Research of homozygous dele-
tion of gene p14ARF and expression of its product in 
thyroid tumors. Chin J Cancer Prev Treat 2005; 12: 
1292-1294 (Chinese). 

2 Stott FJ, Bates S, James MC, et al. The alternative prod-
uct from the human CDKN2A locus, p14(ARF), par-
ticipates in a regulatory feedback loop with p53 and 
MDM2. EMBO J 1998; 17: 5001-5014.

3 Chen L, Li Y, Gao L. The anylasis of P16 gene deletion 
and mutation in esophageal squamous cell carcinoma. 
Chin J Clin Oncol 2004; 31: 1381-1384 (Chinese). 

4 Zhang L, Wang S, Wang X, et al. Quantitative and 
qualitative assay of p16 in esophageal carcinoma and 
precancerous lesion. Chin J of Clin Oncol 2006; 33: 
427-430 (Chinese).

5 Gao L, Hu Y, Li J, et al. The relationship between 
INK4a/ARF genes methylation and proteins co-
expression in non-small cell lung cancer. Chin J Clin 
Oncol 2006, 33: 130-133 (Chinese).

6 Scacchi R, Gambina G, Moretto G, et al. A mutation 
screening by DHPLC of PSEN1 and APP genes reveals 
no significant variation associated with the sporadic 



102 Chin J Clin Oncol (2008) 5: 99~102

late-onset form of Alzheimer’s disease. Neurosci Lett 
2007; 418: 282-285.

7 Kleibl Z, Havranek O, Prokopcova J, et al. Rapid detec-
tion of CAA/CAG repeat polymorphism in the AIB1 
gene using DHPLC. Biochem Biophys Methods 2007; 
70: 511–513.

8 Underhill PA, Jin L, Lin AA, et al. Detection of numer-
ous Y chromosome biallelic polymorphisms by de-
naturing high-performance liquid chromatography. 
Genome Res 1997; 7: 996–1005.

9 Zhang L, Xu G, Nicholas CP, et al. Application of de-
naturing high performance liquid chromatography to 
mutation detection of the c-kit gene in mastocytosis. 
Cross J Exp Hematol 2006; 14: 981-984 (Chinese).

10 Wang Z , Dai S, Luo B. The value of p16 and p15 genes 

in predicting canceration of hydatidiform mole. Med J 
Qilu 2005; 20: 117-121 (Chinese).

11 Xue WC, Chan KYK, Feng HC, et al. Promoter hyper-
methylation of multiple genes in hydatidiform mole 
and choriocarcinoma. J Mol Diagn 2004; 6: 326-332.

12 Pineau P, Marchio A, Cordina E, et al. Homozygous de-
letions scanning in tumor cell lines detects previously 
unsuspected loci. Int J Cancer 2003; 106: 216-223.

13 Grafstrom E, Egyhazi S, Ringborg U, et al. Biallelic de-
letions in INK4 in cutaneous melanoma are common 
and associated with decreased survival. Clin Cancer 
Res 2005; 1: 2991-2997.

14 Chang LL, Yeh WT, Yang SY, et al. Genetic alterations 
of p16INK4a and p14ARF genes in human bladder 
cancer. J Urol 2003; 170: 595-600.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


