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Methylation pattern switch between low and high grade cervical intraepithelial neoplasia: Implications 
for progression models, robust triage and cancer risk
Nedjai B, Reuter C, Ahmad A, Kleeman M, Banwait R, Warman R, Carton L, Sabrina Boer S, Vasiljevic N, Cuzick J and Lorincz A
Barts and the London School of Medicine and Dentistry–Queen Mary University, UK

The evolution of precancerous cervical lesions is poorly understood. One hypothesis, the molecular switch model, states that 
CIN3 could evolve straight from normal epithelium after an HPV infection without progressing through the CIN1 and 

CIN2 stages. To shed light on this process, we compared DNA methylation of selected biomarkers and HPV type in two groups 
of CIN1: CIN1 that were adjacent to CIN3 (adjacent-CIN1) and CIN1 that were the principal lesions with no CIN3 present 
(principal-CIN1). 354 CIN (CIN1 and CIN3) and normal tissue were macrodissected and typed for HPV from 127 women 
who underwent loop electrosurgical excision procedures (LEEP). Methylation of genes EPB41L3 and the viral regions of 
HPV16-L1/L2, HPV18-L2, HPV31-L1 and HPV33-L2 were determined by quantitative pyrosequencing of bisulfite converted 
DNA. Corresponding HPV types were also obtained on paired exfoliated specimens collected before treatment. There was a 
highly significant trend of increased methylation with disease progression from normal to CIN3 (p<0.0001). CIN1 adjacent 
or near CIN3 (adjacent-CIN1) predominantly shared the same HPV types as the CIN3. In contrast, methylation differed 
substantially between adjacent-CIN1 and CIN3 (p=0.008); however, diagnostically principal-CIN1 had indistinguishable 
methylation compared to adjacent-CIN1 (EPB41L3: p=0.49; HPVme-All: p=0.11). HPV types and methylation levels in LEEP 
and corresponding exfoliated cells were similar, with 99% of CIN3 and 88% of CIN1 containing matching HPV types. Our 
results suggest that progression from normal epithelium to CIN1 or CIN3 can be promoted by the same persistent HPV type 
but occurs via distinct DNA epigenotypes, thus supporting the molecular switch model.

Figure 1: Flow chart showing the number of cases and dissected areas used for the main study (LEEP tissues, centre main panel) and the punch biopsy pilot 
study (top main panel). For some cases several CIN1 or CIN3 areas were dissected per cervix. Sections of five CIN1 and eight CIN3 cases had no normal 
epithelium. Sections of ten CIN3 cases had no adjacent- CIN1 lesions. Mean methylation levels were averaged per lesion type. HPV genotyping was done 

separately for all lesions. Our study also included a comparison of HPV typing data from the 127 LEEP to corresponding exfoliated cell specimens (right panel).
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