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ABSTRACT 

Early recurrences aft er treatment (<24 months) for high-grade cervical squamous intraepithelial 

lesions (HSIL) might be due to inadequate treatment, while late recurrences (≥24 months) might 

represent de novo lesions. Aim of our pilot-study was to determine diff erences in gene promoter 

methylati on patt erns in paired lesions from pati ents with early and late recurrent HSIL. 

Methods: From 1996 to 2004, 538 pati ents with a HSIL were diagnosed and treated in our 

department of which 25 pati ents (4.6%) developed recurrent HSIL. Paired samples from 14 initi al 

HSILs and their recurrences (6 early and 8 late) were available and analyzed for methylati on 

status of 5 gene promoters (C13ORF18, CCNA1, DAPK, CADM1 and TFPI2). 

Results: Early recurrent HSILs showed a higher frequency of gene promoter methylati on compared 

to late recurrent HSILs in initi al lesions (p=0.016) as well as in the recurrent lesions (p=0.032). 

Except for C13ORF18 (k=1.00, p=0.014) in early recurrent HSIL, no concordance between gene 

promoter methylati on in initi al HSIL and early and late recurrent HSIL was observed. 

Conclusions: Frequency of gene promoter methylati on is increased in pati ents with an early 

recurrent HSIL. Therefore, we hypothesize that early recurrence aft er treatment for HSILs may 

not only be due to inadequate treatment, but perhaps also on a more progressed form of HSIL.
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INTRODUCTION

Cervical cancer is preceded by high-grade squamous intra-epithelial lesions (HSILs). Progression 

to cervical cancer of these pre-malignant lesions is esti mated to be up to 50% and therefore HSILs 

are generally treated with Large Loop Excision of the Transformati on Zone (LLETZ) [1,2]. Only a 

small minority of HSIL pati ents will develop a recurrent lesion aft er LLETZ [3,4]. Recurrent lesions 

can be due to either incomplete excision of the initi al lesions (residual lesions) or development 

of de novo lesions [5]. Disti ncti on between residual and de novo lesions is commonly defi ned as: 

lesions diagnosed within 2 years follow-up (residual) and lesions diagnosed aft er 2 years follow-

up (de novo) [6]. Of course, such a cut-off  is arbitrary. For example, residual lesions can also 

be detected aft er 2 years due to low sensiti vity of the Pap smear [7] or bad compliance to the 

follow-up protocol [3]. 

 Apart from inadequate treatment, early recurrences might also be due to a more progressed 

state of lesions. Epigeneti c alterati ons such as gene promoter methylati on frequently occur in 

cervical carcinogenesis. A variety of methylated gene promoters in cervical neoplasia has been 

identi fi ed [8-14] and methylati on assays are currently explored for their possible applicati on as 

diagnosti c tools for the early detecti on of cervical neoplasia [15,16]. Simultaneously, it has been 

suggested that increased frequency of gene promoter methylati on might be associated with a 

higher chance of recurrences aft er treatment of HSIL pati ents [17]. Recently, it has been shown 

that HSIL, geneti cally resembling cervical cancer lesions, more frequently had dense methylati on 

of CADM1 [18]. Therefore, it might be that pati ents with early recurrences have more progressive 

lesions characterized by increased frequency of gene promoter methylati on.

 Aims of the present study were to determine diff erences in gene promoter methylati on 

between pati ents with an early recurrent HSIL and a late recurrent HSIL and to compare for early 

and late recurrent lesions the concordance for gene promoter methylati on between initi al and 

recurrent HSIL. 

PATIENTS AND METHODS

Pati ents 
All pati ents referred to the outpati ent clinic of the University Medical Center Groningen (UMCG) 

with an abnormal Pap smear were prospecti vely included in various studies on new biomarkers 

in cervical neoplasia between January 1996 to December 2004 (n=808). In light of these studies, 

data on diagnoses and treatment details were prospecti vely collected in separate databases aft er 

retrieval from the electronic hospital pati ent fi le. PALGA, the nati on wide network and registry 
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of histo- and cytopathology in the Netherlands, was used to collect follow-up informati on. This 

electronic database contains all histo- and cytopathological results per pati ent. For the present 

study, we selected pati ents, who had given writt en informed consent to parti cipate in the 

previously menti oned studies that were all approved by the Insti tuti onal Review Board (IRB) 

from the UMCG. 

Diagnosti c work-up and treatment protocol
Pati ents with a Pap 2 (atypical cells) or Pap 3A (mild/moderate dysplasia) cervical smear fi rst 

underwent a colposcopy and biopsy. Histological diagnosis of HSIL aft er biopsy was followed by 

LLETZ. Pati ents referred with a Pap 3B (severe dysplasia) cervical smear or higher, without suspicion 

of cervical cancer, underwent colposcopy and LLETZ in the same session. Aft er LLETZ, the routi ne 

follow-up of pati ents was a cervical smear at 6, 12 and 24 months, taken by a gynaecologist of 

the UMCG, and in case of no recurrent SIL return to the populati on based screening program, 

which implies one cervical smear per 5 year for women between 30 and 60 years by the general 

practi ti oner. This protocol is in accordance with the Dutch guidelines for follow-up aft er LLETZ 

since 1996. In case of an abnormal cervical smear during follow-up, the pati ent was scheduled 

for colposcopy and biopsy or re-LLETZ. Histological examinati on of all specimens was performed 

by an experienced gynaecologic pathologist (HH). Since 1996, the status of the endocervical and 

ectocervical excision margins or a LLETZ are examined systemati cally. 

Selecti on criteria
In the period January 1996 to December 2004, a total number of 538 pati ents were diagnosed 

with HSIL at the department of Obstetrics and Gynaecology of the UMCG. During the follow-up 

period, 25 pati ents developed a recurrent HSIL. For the present study, 16 pati ents were selected 

of which enough ti ssue was available from the initi al lesion as well as the recurrent lesion. The 

median age of these pati ents was 32 years (range: 22-44 years). 

Sample collecti on and DNA extracti on
On average 12 secti ons (4 μm) were cut from each paraffi  n ti ssue block and if possible secti ons 

were macro-dissected to enrich for the lesion. Secti ons were deparaffi  nized using 100% xylene 

followed by 100% ethanol washing. The pellet was resuspended in a buff er containing SDS and 

proteinase K and DNA was extracted with phenol-chloroform followed by ethanol precipitati on 

[19]. Finally, precipitated DNA was resuspended in 50 μl of Tris-EDTA buff er. Genomic DNA was 

amplifi ed in a multi plex PCR according to the BIOMED-2 protocol, to check DNA quality [20]. In 

parallel with the secti ons for DNA extracti on, secti ons before, in between and aft er cutti  ng were 

stained with hematoxilin and eosin (H&E). All secti ons were reviewed (HH) to confi rm the original 
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histopathological classifi cati on and to ascertain the presence of the lesion in the secti ons, used 

for DNA extracti on.

HPV detecti on and typing
For detecti on of the presence of hr-HPV, genomic DNA was analysed with specifi c HPV-16 

primers as described previously [21]. On all HPV-16 negati ve cases a general primer-mediated 

PCR was performed using primer set GP5+/6+, with subsequent nucleoti de sequence analysis, as 

described previously [22]. 

Quanti tati ve Methylati on Specifi c PCR (QMSP)
QMSP was performed aft er bisulfi te treatment on 1 μg denatured genomic DNA, as previously 

reported [16]. Bisulfi te treatment was performed with the EZ DNA methylati on kit according to 

manufacturer’s protocol (Zymogen, BaseClear, Leiden, the Netherlands). To correct for total DNA 

input, the housekeeping gene β-acti n was used as a reference for measurement of total DNA 

input. QMSP was carried out in a total volume of 20 μl in 384 well plates in an Applied Biosystems 

7900 Sequence Detector (Applied Biosystems, Nieuwekerk a/d IJsel, the Netherlands). Each 

sample was analyzed in triplicate. The fi nal reacti on mixture consisted of 300 nM of each primer, 

200 nM probe, 1x Quanti Tect Probe PCR Kit (Qiagen, Venlo, the Netherlands) and 50 ng of 

bisulfi te converted genomic DNA. As a positi ve control, serial diluti on of genomic leukocyte DNA, 

in vitro methylated with Sss I (CpG) methyltransferase (New England Biolabs. Inc., Beverly, MA), 

were used in each experiment. A DNA sample was considered to be methylated if at least 2 or 

3 triplicates showed exponenti al curves with a Ct-value below 50. All amplifi cati on curves were 

visualized and scored without knowledge of the clinical data. Five genes (C13ORF18, CCNA1, 

DAPK, CADM1, TFPI2) all known to be frequently methylated in cervical neoplasia were tested 

with QMSP [10-12,16].

Stati sti cal Analysis
Early recurrent HSIL was defi ned as occurring within 2 years follow-up and late recurrent HSIL 

as occurring aft er 2 years follow-up. Single gene promoter methylati on status was compared 

between early and late recurrent HSIL group, in initi al HSIL and recurrent HSIL using the Chi-

square test. Overall frequency of gene promoter methylati on (initi al and recurrent lesions) was 

compared between early recurrent HSILs and late recurrent HSILs by the Mann-Whitney U test. 

To assess a specifi c methylati on patt ern, concordance between initi al HSIL and recurrent HSIL for 

gene promoter methylati on was assumed if initi al HSIL and recurrent HSIL were either positi ve or 

negati ve. Concordance between gene promoter methylati on for initi al HSIL and recurrent HSIL 

was measured by Cohen’s Kappa. Stati sti cal signifi cance was assumed if the P value was <0.05.
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RESULTS

Pati ents
Histological classifi cati on of paired HSIL samples was confi rmed aft er pathology review by an 

experienced gynepathologist (HH) for 14/16 pati ents. Based on a 24 months cut-off , 6 pati ents 

were diagnosed with early recurrent HSIL and 8 pati ents with late recurrent HSIL. For all pati ents, 

ti me interval between initi al HSIL and recurrent HSIL is described in table 1. In the early recurrent 

HSIL group, one pati ents (pati ent ID: 3) was only treated by extensive biopsies. Data on referral 

Pap smears for colposcopy and follow-up Pap smears (cervical smear aft er ±6, ±12 and ±24 

months) are shown in table 1. 

Table 1 | Pati ents characteristi cs and follow-up data

Pati ent Referral
smear
initi al 

First
FU

smear

Second
FU 

smear

Third
FU 

smear

Referral
smear

subsequent

Interval
in

Months*** 

Resecti on 
margins 

initi al

Treatment

1 Pap 3B Pap 4 – Pap 4 1 Not free LLETZ

2 Pap 3B Pap 3A – – Pap 3A 6 Not free LLETZ

3 Pap 3A Pap 3A – – Pap 3A 7 Free Biopsies 

4 Pap 3B Pap 1 – – * 7 Not Free LLETZ

5 Pap 3B Pap 3A – – Pap 3A 8 Not free LLETZ

6 Pap 3B Pap 4 – – Pap 4 8 Free LLETZ

7 Pap 3A Pap 1 – – * 24 Free LLETZ

8 Pap 3B Pap 1 Pap 1 Pap 3B Pap 3B 29 Not free LLETZ

9 Pap 3A Pap 1 Pap 1 Pap 3A Pap 3A 35 Free LLETZ

10 Pap 3A Pap 1 – – Pap 3B 53 Free LLETZ

11 Pap 3A Pap 1 Pap 1 Pap 1 Pap 3A 62 Not free LLETZ

12 Pap 3A Pap 1 Pap 1 Pap 1 * 63** Not to judge LLETZ

13 Pap 3B Pap 1 Pap 1 Pap 1 Pap 3A 102 Unknown LLETZ

14 Pap 3A Pap 1 – – Pap 3B 106 Free LLETZ

FU=follow-up, *Reff ered for colposcopy because of vaginal bleedings, ** aft er 18 months LSIL; referred for colpos-
copy because of vaginal bleeding, ***interval between initi al HSIL and subsequent HSIL
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Table 2 | Methylati on and HPV status for initi al and recurrent lesions

Sample DAPK C13ORF18 CADM1 CCNA1 TFPI2 HPV

1 A 16

Early recurrent

1 B 16

2 A 16

2 B 16

3 A 16

3 B 16

4 A 16

4 B 16

5 A 16

5 B 16

6 A 16

6 B 16

7 A 16

Late recurrent

7 B 16

8 A 16

8 B 16

9 A 16

9 B 16

10 A 16

10 B 16

11 A 16

11 B -

12 A 16

12 B -

13 A 16

13 B 45

14 A -

14 B 18

A=initi al lesion, B=recurrent lesion ■ methylated ■ unmethylated
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Gene promoter methylati on analysis 
Table 2 summarizes methylati on status and frequency for initi al and recurrent lesions. Gene 

promoter methylati on was detected in initi al lesions for DAPK 5/14 (36%), C13ORF18 2/14 (14%), 

CADM1 9/14 (64%), CCNA1 2/14 (14%) and TFPI2 3/14 (21%). In recurrent lesions gene promoter 

methylati on was detected for DAPK 3/14 (21%), C13ORF18 2/14 (14%), CADM1 6/14 (43%), 

CCNA1 3/14 (21%) and TFPI2 2/14 (14%). Comparing methylati on status per gene promoter in 

initi al HSILs and recurrent HSILs, did not result in a signifi cant diff erences between the early 

recurrent HSIL group and the late recurrent HSIL group. 

 In initi al lesions as well as in the recurrent lesions, frequency of gene promoter methylati on 

was higher in the early recurrent HSIL group compared to the late recurrent HSIL group (median 

frequency 2 vs. 0.5 (p=0.016) and 1.5 vs. 0 (p=0.032), respecti vely). 

 A complete concordant methylati on patt ern was observed only for C13ORF18 6/6 (k=1.00, 

p=0.014) between initi al HSILs and early recurrent HSILs. For the other gene promoters, no 

concordant methylati on patt ern was observed between initi al HSILs and recurrent HSILs. 

Hr-HPV DNA analysis
In the early recurrent HSIL group, all initi al lesions and recurrent lesion were positi ve for HPV-16 

(table 2). In the late recurrent HSIL group, three lesions were hr-HPV negati ve, 2 recurrent lesions 

and 1 initi al lesion. No concordance between HPV-16 in initi al HSIL and late recurrent HSIL was 

observed (p=0.285).

DISCUSSION

Our present study indicates a higher frequency of methylati on in pati ents with an early 

recurrent HSIL compared to late recurrent HSIL. In a previous study in an overlapping pati ent 

populati on, we already showed that pati ents with involved excision margins had an increased 

risk of developing a recurrent HSIL compared to pati ents with free excision margins [3]. However, 

over 80% of pati ents, with positi ve excision margins, did not develop a recurrent HSIL [3,4]. One 

may doubt whether this phenomena is only caused by thermal destructi on of residual lesions 

aft er LLETZ. Both host as well as tumor related factors may be involved. In earlier work, we 

showed that operati ve procedures for (pre)neoplasti c cervical lesions may induce an enhanced 

immune response that may be involved in resoluti on of parti ally removed lesions [21]. However, 

a concept of subsets of HSILs with diff erent biological behavior can also be envisioned. An 

increased frequency of gene promoter methylati on in pati ents with early recurrent HSIL when 
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compared to pati ents with late recurrent or no recurrent HSIL suggests a subset of HSILs with a 

more progressive stage. 

 Gene promoter methylati on is not only an early event in cervical carcinogenesis, but an 

increased frequency is also associated with the severity of the lesion [14]. Several geneti c and 

epigeneti c alterati ons are necessary to cause progression of pre-malignant lesions to cancer. 

In a recent study by Wilti ng et al. using comparati ve genomic hybridizati on, a chromosomal 

profi le closely related to cervical cancer was found for 28% of HSILs [18]. In this subset of HSILs, 

CAMD1 also was found to be more frequently methylated. It was suggested that this subset 

of HSILs might have a higher tendency to become invasive. However, all pati ents underwent 

treatment and no further follow-up data were presented. In another study, an associati on was 

found between proliferati on acti vity and recurrences in HSIL pati ents, again suggesti ng a more 

aggressive behavior of a subset of HSILs [23]. 

 Persistence of hr-HPV aft er treatment is a risk factor for recurrence, especially persistence of 

HPV-16 and therefore it has been suggested that these pati ents need more intensive follow-up 

[24]. In our study persistence of HPV-16 was especially observed in early recurrent HSIL pati ents. 

In the late recurrent HSILs persistence of HPV-16 was not so obvious. A part of the late recurrent 

HSILs appear to be due to de novo infecti on.

 An important limitati on of our study is the low number of analyzed lesions. Despite our 

large database of treated HSIL pati ents the total number of ti ssue specimens was limited by the 

low percentage of recurrent HSIL. Moreover, a part of the pati ents with recurrent lesions were 

treated in other hospitals. In light of the low numbers of analyzed lesions, our study should 

be regarded as a hypothesis generati ng study that needs further verifi cati on in larger series of 

pati ents. 

 In conclusion, our study shows that frequency of gene promoter methylati on is increased 

in pati ents with an early recurrent HSIL. Therefore, we assume that early recurrence aft er 

treatment for HSIL is not only depending on inadequate treatment, but also might be based on 

more aggressive behavior as represented by increased gene promoter methylati on. 
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