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Abstract

Promoter hypermethylation has been recognized to play an important role in carcinogenesis. We analyzed the methylation

status of 25 genes in 14 normal cervical tissue specimens and in 65 tissue specimens from cervical cancer patients using the

MethyLight technique. Most of the analyzed genes have been shown to be methylated in various cancers. RB1 was never

methylated in any analyzed cervical tissue. DNA methylation status of the remaining 24 genes in every tissue sample was

subsequently analyzed using unsupervised agglomerative hierarchical cluster analysis to group specimens and CpG regions. We

observed four clusters. All normal cervical tissue specimens were grouped together in one cluster. Neither grade, nor

histological type nor age demonstrated any significant association with clusters formed. Interestingly, statistically significantly

less patients whose tumor DNA methylation pattern clustered together with normal cervical tissue died within our observation

period, as compared to those patients out of the three remaining clusters ðP , 0:03Þ: Cervical cancer patients, whose DNA

methylation pattern clustered together with normal cervical tissue revealed a strong trend to better survival ðP ¼ 0:066Þ

compared to patients grouped in the remaining cluster. This study shows for the first time that working solely with DNA

methylation pattern a subgroup of cervical cancer patients can be defined that demonstrated strong similarity to non-neoplastic

probands and had a better prognosis.

q 2004 Elsevier Ltd. All rights reserved.
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1. Introduction

Throughout the past decade it has been widely

recognized that DNA methylation patterns are

profoundly altered in human neoplasia. The genome

of transformed cells simultaneously undergoes global

genomic hypomethylation and dense hypermethyla-

tion of the CpG islands associated with gene
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regulatory regions. DNA methylation takes place only

at cytosine bases located 50 to a guanosine in a CpG

dinucleotide. CpG islands are often associated with

promoter regions. Hypermethylation of these regions

is the best characterized epigenetic change to occur

and is associated with transcriptional silencing of the

associated gene, thus providing a DNA-based surro-

gate marker for expression status. It has been

increasingly recognized over the past 4–5 years that

the CpG islands of a large number of genes, which are

unmethylated in normal tissue, are methylated to

varying degrees in multiple types of human cancer.

These methylation changes can be found in virtually

every type of human neoplasm [1–5], including

cervical cancer [6,7].

Recent advances suggest that it may be possible to

predict survival more accurately using the molecular

characteristics of a patient’s tumor. Molecular profil-

ing has thus far focused primarily on the use of gene

expression (cDNA) microarrays [8,9]. Recently, a

specific gene-expression profile has been reported to

be a more powerful predictor of the outcome of breast

cancer patients than standard systems based on

clinical and histological criteria [10,11].

Cancer of the uterine cervix is an important cause

of death in women worldwide [12]. Many studies have

investigated clinical and histopathological charac-

teristics as prognostic factors for cervical cancer. Uni-

and/or multivariate analysis have revealed that stage,

pelvic lymph node metastasis, tumor volume, vascular

invasion and depth of invasion can be prognostic

factors for recurrent disease [13,14]. However, new

molecular and biochemical approaches for the

recognition and treatment of high-risk patients are

needed to improve survival and avoid over-treatment

of low-risk patients. For example, cDNA microarray

analysis was used to classify cervical squamous

carcinomas as sensitive or resistant to radiation

therapy [15].

DNA-based techniques may be more reliable than

techniques using RNA, which is known to be quite

unstable. We therefore used a moderate-throughput,

fluorescence-based, semi-automated quantitative

technique called MethyLight [16–19].

This study was performed to address the question

whether it is possible to characterize normal human

cervical tissue and cervical cancer tissue using

solely DNA methylation based information and

whether a specific DNA methylation pattern is

associated with favorable biological behavior.

2. Materials and methods

2.1. Patients and samples

Cervical cancer specimens were retrieved from the

tissue bank of the Department of Obstetrics and

Gynecology, Innsbruck University Hospital. In this

tissue bank, tumor specimens are prospectively

collected from patients consecutively operated for

gynecological cancers at the Department of Obstetrics

and Gynecology, Innsbruck University Hospital.

Tumor samples and clinical data are collected with

the consent of patients. Specimens were brought to the

pathologist immediately after resection, and part of

the tumor tissue (visually dissected) was placed in

liquid nitrogen and stored at 280 8C until lyophiliza-

tion. A total of 65 patients with cervical cancer (age

22–81 years, mean 49 years), all treated at the

Department of Obstetrics and Gynecology, Innsbruck

University Hospital, between 1989 and 2000, were

included in this study. The control group consisted of

14 normal cervical tissues (age 34–69, mean 47

years). All patients were staged according to the

International Federation of Gynecology and Obste-

trics (FIGO) staging system. Thirty-seven (57%)

patients had a cervical cancer classified as FIGO

stage I, 9 (14%) FIGO stage II, 10 (15%) FIGO stage

III and 8 (12%) FIGO stage IV. FIGO stage was

unknown in one case. Squamous cell carcinoma was

the most frequent histological type (75.4%) followed

by adeno and adenosquamous carcinomas (20%) and

carcinomas of other histological type (4.6%). Cervical

cancer treatment—according to international stan-

dards and depending on stage of disease—consisted of

conisation, simple hysterectomy or radical hyster-

ectomy according to Wertheim (type Piver III) with

pelvic lymphadenectomy. Postoperatively, all patients

with positive lymph nodes were given external pelvic

radiation at 40 Gy in 20 fractions. Patients not eligible

for surgery and patients with cervical cancer stage IIB

or IIIA were given both intracavitary and external

radiotherapy. Patients with tumors in stage IIIB or

IVA received either combined intracavitary and

external radiation or external radiation alone.
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Additionally, eight patients received chemotherapy.

All patients were followed-up after primary treatment,

at our department, at intervals increasing from 3

months to 1 year until death or the end of the study,

respectively. Follow-up information was available

from all patients. The follow-up period ranged from

one month to 13.2 years (median 4.2 years). In total,

30 (46.2%) cervical cancer patients had died, and 36

(55.4%) patients had relapsed.

2.2. DNA isolation and methylation analysis

Genomic DNA from cervical cancer specimen was

isolated using the QIAmp tissue kit (Qiagen, Hilden,

Germany). Sodium bisulfite-treated genomic DNA

was analyzed by the MethyLight technique as

described [16–19]. As reference genes, ACTB and

COL2A1 were used. For the methylation analysis of

each investigated gene two separate PMR values

(separately calculated for ACTB and COL2A1) were

calculated. The average was used as the final

Percentage of fully Methylated Reference (PMR)

value. The nucleotide sequences for CDKN2, RB1,

CDH1, PTGS2, MGMT, MADH3, TIMP3, CALCA,

MYOD1, APC, RASSF1A, HIC-1, ESR1, hMLH1,

TGFBR2, TYMS, GSTP-1, PGR have been described

elsewhere [16 –19]. Primer and probes for the

remaining genes analyzed by MethyLight are listed

below. In all cases, the first primer listed is the

forward primer, the second is the TaqMan probe, and

the third is the reverse PCR primer.

HSD17B4: TATCGTTGAGGTTCGACGGG,

6FAM-CCCGCGCCGATAACCAATACCA-BHQ-

1, TCCAACCTTCGCATACTCACC. S100A2:

TGTTTGAGTCGTAAGTAGGGCGT, 6FAM-

ATCCTCCCTTTCTTATCCGCCAAACCCT-BHQ-

1, CGTATCATTACAATACC-GACCTCCT. VDR:

ACGTATTTGGTTTAGGCGTTCGTA, 6FAM-

CCCACCCTTCCTA-CCGTAATTCTACCCAA-

BHQ-1, CGCTTCAACCTATATTAATCGAAAA-

TACA. DAPK1: TCGTCGTCGTTTCGGTTAGTT,

6FAM-CGACCATAAACGCCAACGCCG-BHQ-1,

TCCCTCCGAAACGCTATCG. TWIST: GTAGC-

GCGGCGAACGT, 6FAM-CCAACGCACCCAAT-

CGCTAAACGA-BHQ-1, AAACGCAACGAATCA-

TAACCAAC. RNR1: CGTTTTGGAGATACGG-

GTCG, 6FAM-ACCGCCCGTACCACACGCAAA-

BHQ-1, AAACAACGCCGAACCGAA. TERT:

GGATTCGCGGGTATAGACGTT, 6FAM-CCCAA-

TCCCTCCGCCACGTAAAA-BHQ-1, CGAAATC-

CGCGCGAAA.

2.3. Statistical analysis

PMR values were subsequently analyzed using

unsupervised agglomerative hierarchical cluster anal-

ysis (average linkage, Manhattan distance) to group

specimens and CpG regions. Because methylation of

many CpG regions in various specimens is undetect-

able and distribution is non-parametric, we cate-

gorized the PMR values in quartiles (coded 1–4) and

assigned specimens with undetectable methylation to

group 0. If less than 25% of the specimens had

undetectable methylation, they were scored 0

(undetectable methylation), 1 (detectable methylation

and #25th percentile), 2 (25th # 50th percentile), 3

(51st–75th percentile), 4 (.75th percentile). If more

than 25% but less than 50% of the specimens had

undetectable methylation, they were scored 0, 2, 3, 4.

If more than 50% but less than 75% of the specimens

had undetectable methylation, they were scored 0, 3,

4. If more than 75% of the specimens had undetect-

able methylation, the score was either 0 for undetect-

able methylation or 4 for detectable methylation. For

cluster analysis and graphic presentation Gene

Expression Similarity Investigation Suite (GENESIS)

(http://genome.tugraz.at/software/genesis/genesis.

html) and the SPSS 10.0 software package were used.

We observed four clusters. x 2 contingency test

between clinicopathological features and cluster

categories was performed. Kaplan–Meier curves

were used for survival analysis.

3. Results

As described in Section 2, we analyzed the

methylation status of 25 genes in 14 normal cervical

tissue specimens and in 65 tissue specimens from

cervical cancer patients using the MethyLight tech-

nique. RB1 was never methylated in any analyzed

cervical tissue. DNA methylation status of the

remaining 24 genes in every tissue sample was

subsequently analyzed using unsupervised agglo-

merative hierarchical cluster analysis to group speci-

mens and CpG regions. We observed four clusters.
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All normal cervical tissue specimens were grouped

together in one cluster. Neither grade, nor histological

type or age demonstrated any significant association

with clusters formed (Fig. 1). Considering FIGO stage

I vs. II, III, IV as compared to cluster 3 (red) vs.

clusters 1 (green), 2 (blue), 4 (grey) showed a

significant trend (P ¼ 0:059; Fig. 1).

Only 4/17 patients whose tumor DNA methylation

pattern clustered together with normal cervical tissue

died within our observation period, whereas 17/30,

3/7, 6/11 patients in clusters 1 (green), 2 (blue), 4

(grey) died, respectively (P , 0:03; Fig. 1). The

Kaplan–Meier curve (Fig. 2) highlights the survival

benefit of this group of patients. When grouping

cluster 1 (green), 2 (blue) and 4 (grey) and comparing

with survival of cervical cancer patients in cluster 3

(red), a significant trend to better survival (Log rank:

P ¼ 0:066) was observed for patients within cluster 3

(red).

4. Discussion

This study shows for the first time that working

with DNA methylation pattern alone, namely of

various unrelated genes, a cluster of normal and some

neoplastic tissue specimens (which are most similar

to non-neoplastic tissue specimens with regard to

DNA methylation) was formed, and that the DNA

methylation pattern of this cluster differs from those

of other cancer specimens. Tumors showing simi-

larity to the DNA methylation status of normal

cervical tissue were mainly restricted to the cervix

(stage I) and had a better prognosis. DNA methyl-

ation pattern reminiscent of normal tissue therefore

may be a surrogate marker for favorable biological

behavior. Other studies have analyzed different

expression [10,11,20,21] or methylation [22] profiles

using the microarray technique, but they all used a

pool of normal RNA or DNA as a reference

competing with cancer RNA or DNA on an array.

This is the first study to analyze DNA methylation of

a large number of genes in cancer and normal tissues.

For better comparability we used DNA from normal

cervices with comparable mean age to exclude bias

by age- and organ-specific methylation alterations.

Such a DNA methylation-based method may permit

better characterization of neoplastic tissues indepen-

dently of clinicopathological features.

This study shows for the first time that working

solely with DNA methylation pattern a subgroup of

cervical cancer patients can be defined that demon-

strated strong similarity to non-neoplastic probands

and had a better prognosis.

Our results indicate that cervical cancer prognosis

can already be derived from the gene methylation

profile of the primary tumor. Thus, the prognostic

profile potentially provides a powerful tool to tailor

adjuvant treatment. This approach could be an

interesting alternative tool for cancer patient

Fig. 1. DNA methylation status of 24 genes in 65 cervical cancer specimens (CA) and 14 normal cervical tissues (N) analyzed using the

MethyLight technique. Groups of patients were found using unsupervised agglomerative hierarchical cluster analysis (average linkage,

Manhattan distance) to group specimens and CpG regions. Different colors indicate varying PMRs (see text). Gene names are given at the top of

the figure. We observed four clusters: 1 (green), 2 (blue), 3 (red), 4 (grey). All normal cervical tissue specimens grouped together within one

cluster (red), which also included cervical cancer specimens. Information about grading (1–3), histology (SC, squamous cell carcinoma; A,

carcinoma containing an ‘adeno-component’; O, other cervical cancers), FIGO stage (I–IV) and death (Y, yes; N, no) is given.

Fig. 2. Kaplan–Meier curve for patients in the four clusters. When

grouping cluster 1 (green), 2 (blue) and 4 (grey) and comparing with

survival of cervical cancer patients within cluster 3 (red), a

significant trend for better survival (Log rank: P ¼ 0:066) was

observed for patients in cluster 3 (red).
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characterization, but further studies remain to be done

before it acquires routine clinical status.
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