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Abstract
In this study, we evaluate the expression of human papillomavirus E4 protein (marker for the onset of a productive infection)
and hypermethylation of host-cell CADM1, MAL, and miR124-2 genes (marker for an advanced, transforming infection) in
cervical intraepithelial neoplasia (CIN) and cancer. A total of 115 cervical lesions were categorized by 3 pathologists into
no dysplasia, CIN1, CIN2, CIN3, or cancer by classical histomorphological grading criteria, and by an immunoscore
(cumulative value: 0–6) grading system based on Ki-67 (score: 0–3) and p16ink4a (score: 0–3) expression. Lesions were
immunostained for E4 protein and analyzed for hypermethylation of CADM1, MAL, or miR124-2 genes. Expression of E4
and hypermethylation levels were related to CIN grade based on both classical and immunoscore grading. Hypermethylation
increased with severity of the lesion as defined by both classical histomorphological grading and immunoscore criteria, and
was always present in carcinomas (22/22). Extensive E4 expression decreased with increasing CIN grade and immunoscore,
being most frequent in classically graded CIN1 or in lesions with cumulative immunoscore 1–3 and absent in carcinomas.
High-grade lesions (CIN2/3 or immunoscore: 4–6) showed less E4 expression, which was inversely related to an increasing
hypermethylation. Extensive E4 expression, as observed in a small proportion of high-grade lesions (6/49 and 8/43,
respectively), was mostly associated with a negative methylation marker status (5/6 and 7/8, respectively). Our results
illustrate the gradual transition of productive CIN (reflected by extensive E4 expression), to advanced transforming CIN
(reflected by extensive hypermethylation) and cancer. Expression patterns of E4 and hypermethylation status of host-cell
genes, may be used to identify cervical lesions at risk for cervical cancer, providing a better guidance for clinicians on
treatment decisions.

Introduction

Cervical cancer screening programs aim to detect cervical
cancer at an early or precancerous stage, so-called
cervical intraepithelial neoplasia (CIN). The grade of
CIN is currently defined by the extent of the dysplastic
cells and the severity of cellular abnormalities in the
squamous epithelium, and is based on morphological
features in hematoxylin and eosin (H&E) stained sections
either with or without aid of adjunct immunohistochemical
(IHC) stainings [1]. CIN3 lesions are generally considered
direct precursors of cervical cancer and in need of
treatment, whereas for CIN1 lesions strict follow-up is
considered sufficient as a clinical management strategy.
The management of CIN2 is diverse. CIN2 constitute a
heterogeneous group, which can either be the result of
a productive or a transforming human papillomavirus
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(HPV) infection, which have distinct cancer risks [2–5].
Moreover, there is moderate reproducibility of CIN
grading, especially for CIN2 [6–9]. These diversities result
in the current suboptimal situation, wherein cervical lesions
with a similar cancer progression risk are diagnosed and
managed differently, while cervical lesions with a distinct
cancer progression risk are diagnosed and managed simi-
larly. This leads to overtreatment of CIN lesions with a low
short-term progression risk, which is specifically critical
among young women due to the influence of excision of the
transformation zone on fertility rates and pregnancy out-
comes [10]. The number of women unnecessarily treated
can be reduced by even small improvements in accuracy of
the diagnosis of CIN, identifying CIN with a high short-
term cancer progression risk [4].

Grading of CIN can be optimized by the use of Ki-67
and p16ink4a immunostainings. In terms of accuracy and
reproducibility, we recently showed that a cumulative
score value (immunoscore) based solely on a three-tiered
scoring system for both Ki-67 (score: 0–3) and p16ink4a

(score: 0–3) seemed most optimal [6]. In particular,
the detection of CIN3 (treatment) and CIN1 (no treat-
ment) has been shown to be more accurate and less
variable by use of this grading system. However, to
further improve the identification of cervical precursor
lesions in need for treatment, additional biomarkers
reflecting the cancer risk are necessary. The HPV E4
protein is a marker for the onset of a productive HPV
infection and particularly has been shown to be present
in a high proportion of CIN2, but not in most CIN3
[11–13]. Promoter hypermethylation of host-cell genes
involved in cervical carcinogenesis, i.e., cell encoded
cell adhesion molecule 1 (CADM1), T-lymphocyte
maturation-associated protein (MAL), and microRNA-
124-2 (miR124-2), is a marker for an advanced trans-
forming HPV infection [14–22]. During HPV-induced
cervical carcinogenesis, the methylation levels increase
with the severity of the underlying cervical disease
and are exceptionally high in cervical cancer [23, 24].
In addition, CIN2/3 lesions with a long-standing
(≥5 years) HPV infection have a cancer-like methyla-
tion profile and many chromosomal abnormalities, in
contrast to CIN2/3 lesions with a recently acquired
infection (<5 years) [25]. Accordingly, a positive
methylation marker status suggests the presence of a
so-called advanced transforming CIN, in need of treat-
ment [21]. In order to further explore our search for
biomarkers which lend support to a standardized diag-
nosis of CIN and identify lesions in need for treatment,
we evaluated expression of the HPV E4 protein and
hypermethylation of CADM1, MAL, and miR124-2 genes
in cervical lesions stratified by both classical CIN
grading and the Ki-67 and p16ink4a immunoscore values.

Materials and methods

Study population

We selected 115 formalin-fixed paraffin-embedded cervical
biopsy and large loop excision of the transformation zone
specimens from the files of the Pathology Department (VU
University Medical Center, Amsterdam, The Netherlands)
as previously described [6]. The specimens were anon-
ymously processed and selection was guided by initial
diagnosis of disease (22 nondysplastic lesions, 22 CIN1,
27 CIN2, 22 CIN3, and 22 squamous cell carcinoma).
Ethical approval was waived according to the regulations in
The Netherlands [26].

Immunohistochemistry

Serial sections of 3 μm were cut from all tissue blocks.
To ensure the presence of the same lesion in all specimens,
the first and last sections were stained for H&E (sandwich
technique). In between sections were immunostained with
mouse monoclonal antibodies (mAb) against Ki-67 antigen
(Clone MIB-1, DAKO, Denmark) or p16ink4a antigen
(Clone E6H4™, CINtec®, Roche, Switzerland) by the auto-
mated IHC Ventana staining machine (Ventana Medical
Systems, Roche, USA), or with the validated mAb
panHPVE4 (further referred to as “E4”, mAb FH1.1, pro-
duced in the laboratory of J. Doorbar, previously described
by van Baars et al., reactive against high-risk HPV types 16,
18, 31, 33, 35, 39, 45, 51, 52, 53, 56, 58, 59, 66, 67, and 70)
[2, 12]. For E4 staining, slides were deparaffinized in xylene
and rehydrated in a descending alcohol series. FH1.1 pri-
mary antibody was applied at a concentration of 1:500 after
30-min microwave pretreatment in Tris/EDTA buffer (10
mM Tris/1 mM EDTA, pH 9.0) and incubated overnight at
4 °C. Application of the primary antibody was followed by
incubation with BrightVision plus Poly-HRP anti-mouse
IgG (ImmunoLogic, The Netherlands), diaminobenzidine
as a chromagen and Hematoxylin nuclear counterstaining.

Molecular testing

DNA was isolated from formalin-fixed paraffin-embedded
specimens by a proteinase K procedure and analyzed for the
presence of high-risk HPV DNA by GP5+/6+ PCR-EIA
(DDL, Rijswijk, the Netherlands) [27]. In addition the iso-
lated DNA was subjected to bisulfite treatment using the EZ
DNA Methylation Kit (Zymo Research, California, USA)
for DNA methylation analysis [14, 15, 24, 28]. For the
analysis of hypermethylation of host-cell genes CADM1,
MAL, and miR124-2, a quantitative methylation specific
PCR (PreCursor-M assay, Self-screen B.V., Amsterdam,
The Netherlands) was performed on the ABI 7500 Fast
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Real-Time PCR System (Applied biosystems, California,
USA) according to the manufacturer’s instructions and as
previously described [23]. The housekeeping gene β-actin
was tested as methylation-independent reference. All sam-
ples had a quantification cycle (Cq) value for β-actin < 33 to
assure DNA quality and successful bisulfite conversion.
Methylation marker results were expressed in Cq ratios
calculated by the following formula: 2 [Cq (β-actin) − Cq (methy-

lation marker)] × 100.

CIN grading

Three expert gyneco-pathologists (M.B., D.J., and M.vd.S.)
independently rendered CIN grades (either no dysplasia,
CIN1, CIN2, CIN3, or squamous cell carcinoma), using
current CIN grading criteria [1]. They then provided Ki-67
(score: 0–3) and p16ink4a (score: 0–3) scores independently
and without taking morphologic features into account, as
recently described [6]. For Ki-67 scoring, nuclear Ki-67
staining in squamous cells was scored positive. Staining
predominantly found in the basal layer was considered
normal and scored as 0. Predominant staining of the lower
one-third, two-third, or more than two-third of the epithe-
lium was scored as 1, 2, or 3, respectively. For p16ink4a

scoring, diffuse or “block” staining of the cytoplasm or
nucleus of squamous epithelial cells was considered posi-
tive. Absence of p16ink4a positivity or a few scattered
positive cells (patchy staining) were scored as 0. Diffuse,
low intensity staining limited to the lower one-third of the
epithelium was scored as 1, continuous positivity in the
lower two-third was scored as 2, and diffuse staining
involving the full thickness of the epithelium was scored as
3. These Ki-67 and p16ink4a scores were combined cumu-
latively into the immunoscore value (ranging from 0 to 6).
Immunostains of the E4 protein were subsequently scored
as either negative, focally positive (restricted to the upper
quarter of the epithelium) or extensively positive (upper
one-third of the epithelium or more) [2]. Majority consensus
scores of CIN grades, immunoscores, and E4 were used,
and based on agreement of two out of three pathologists. If
there was no majority, consensus was reached in a panel-
discussion with a fourth pathologist (C.M.). The patholo-
gists were blinded to the results from HPV and methylation
marker testing.

Statistical analysis

Hypermethylation status (negative or positive) for the
CADM1, MAL, and miR124-2 marker panel was determined
in all samples and considered positive if the Cq ratios
of at least one of the individual methylation markers was
above the threshold for positivity. This threshold was cal-
culated per methylation marker by the following formula:

(average of Cq ratios of specimens without dysplasia)+
(2.58 × [standard deviation of Cq ratios of specimens
without dysplasia]).

Expression of E4 (negative, focal, or extensive) and
methylation marker status were independently determined
for each specimen and stratified by CIN grade and Ki-67
and p16ink4a immunoscore.

In addition, the correlation between methylation marker
status on one hand, and CIN grades or Ki-67 and p16ink4a

immunoscore groups on the other, was evaluated by Fish-
er’s exact statistical analysis with p < 0.05 considered sig-
nificant. The immunoscore groups were defined as
previously described, based on immunoscore values 0–3,
4–5, and 6 [6]. The difference in methylation marker status
between CIN3 and ≤CIN1, or between lesions defined by
immunoscore 6 and immunoscore 0–3, were again deter-
mined by Fisher’s exact statistical analysis. Cervical carci-
nomas were excluded in the correlation analyses.

Calculations were performed in Microsoft Excel (2010),
SPSS (V.22), STATA (V14.1) and Graphpad (V7).

Results

CIN grade, immunoscore, and HPV status

HPV results in relation to consensus histology and immu-
noscore data are shown in Table 1. Consensus CIN grading
revealed the following scores: no dysplasia in 35 specimens,
CIN1 in 19 specimens, CIN2 in 17 specimens, CIN3 in
22 specimens, and squamous cell carcinoma in 22 speci-
mens. Consensus Ki-67 and p16ink4a immunoscoring
revealed the following scores: immunoscore 0–3 in 50 spe-
cimens, immunoscore 4 and 5 in 13 specimens and

Table 1 CIN grade, Ki-67, and p16ink4a immunoscore, and HPV status

Total HPV negative HPV positive

n % n %

CIN grade

≤CIN1 54 35a 65 19 35

CIN2 17 1b 6 16 94

CIN3 22 4c 18 18 82

SCC 22 0 0 22 100

Ki-67/p16ink4a immunoscore

0–3 50 35a 70 15 30

4 and 5 13 1b 8 12 92

6 30 4c 13 26 87

CIN cervical intraepithelial neoplasia
a5/35 methylation positive
b1/1 methylation positive
c2/4 methylation positive
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immunoscore 6 in 30 specimens. In all carcinomas, an
immunoscore of 6 was found.

E4 expression

As shown in Table 2, E4 expression was absent in specimens
with no dysplasia and was present in 7 (37%) CIN1, 7 (41%)
CIN2, 7 (32%) CIN3, and 5 (23%) squamous cell carcinomas.
E4 expression was only present in lesions which tested HPV
positive (Table 3). Extensive expression of E4 was highest in
CIN1 with a slight decrease via CIN2 and CIN3 to absent in
cancer. Extensive E4 expression was found in 6 (32%) of the
CIN1 lesions, in 3 (18%) of the CIN2 lesions, in 3 (14%) of
the CIN3 lesions, and in none of the carcinomas. Focal
expression was found in 1 (5%) of the CIN1 lesions, in 4
(24%) of CIN2 lesions, in 4 (18%) of CIN3 lesions, and 5
(23%) of the carcinomas. The E4 expression observed in
some of the CIN3 and carcinomas was mostly present in the
upper, less atypical parts of the lesion, and only sometimes
E4 expression was seen in severely atypical cells (Fig. 1e).
Cervical lesions classified by the immunoscore grading sys-
tem showed a comparable expression pattern (Table 2).

Methylation marker status

Hypermethylation levels of CADM1, MAL, and miR124-2
markers increased with the severity of cervical disease. Four
(11%) specimens without dysplasia were borderline positive
(i.e., Cq ratios just above the threshold for marker positiv-
ity). Two (11%) of the CIN1 lesions, 3 (18%) of the CIN2
lesions, 13 (59%) of the CIN3 lesions, and all 22 (100%)
of the squamous cell carcinomas showed hypermethylation
of the CADM1, MAL, and miR124-2 marker panel
(Table 2). Furthermore, the proportion of markers testing

hypermethylation positive (i.e., one, two, or three) increased
with the severity of cervical lesions (Fig. 2). This varied
from none out of three markers positive in the majority of
nondysplastic lesions to mainly all three markers positive in
cervical carcinomas. Hypermethylation marker status was
significantly correlated to classical CIN grades (Fisher’s
exact p < 0.001), as well as to cervical lesions defined by
immunoscore groups (Fisher’s exact p= 0.001). Methyla-
tion marker status significantly differed between CIN3 and
≤CIN1 (Fisher’s exact p < 0.001), as well as between lesions
defined by immunoscore 6 compared to lesions defined by
immunoscore 0–3 (Fisher’s exact p < 0.001).

Correlated expression of biomarkers

The correlation of expression of E4 and methylation mar-
kers in cervical lesions is shown in Table 4 and illustrated
by examples in Fig. 1. In general, expression of E4 protein

Table 2 Expression of
biomarkers in cervical disease

CIN grade Ki-67/p16ink4a Total E4 expressiona Hypermethylation status

Immunoscore Negative Focal Extensive Negative Positive

No dysplasia (n= 35) 0 or 1 35 35 0 0 31 4

CIN1 (n= 19) 0 or 1 7 7 0 0 7 0

2 4 2 1 1 3 1

3 4 1 0 3 4 0

4 4 2 0 2 3 1

CIN2 (n= 17) 4 4 2 2 0 3 1

5 5 4 1 0 4 1

6 8 4 1 3 7 1

CIN3 (n= 22) 6 22 15 4 3 9 13

Carcinoma (n= 22) 6 22 17 5 0 0 22

The expression of the HPV E4 protein (negative, focal or extensive staining) and hypermethylation of the
CADM1, MAL, and miR124-2 marker panel are shown stratified for grading (i.e., no dysplasia, cervical
intraepithelial neoplasia [CIN] 1, CIN2, CIN3, and squamous cell carcinomas), and Ki-67 and p16ink4a

immunoscore grading. aE4 expression was only present in lesions, which tested HPV positive

Table 3 Expression of E4 in relation to HPV status

Total HPV positive HPV negativea

Exten-
sive E4

Focal
E4

E4
negative

n % n % n % n

CIN grading

No dysplasia 35 – – – – 7 100 28

CIN1 19 6 50.0 1 8.3 5 41.7 7

CIN2 17 3 18.8 4 25.0 9 56.3 1

CIN3 22 3 16.7 4 22.2 11 61.1 4

Carcinoma 22 – – 5 22.7 17 77.3 –

CIN cervical intraepithelial neoplasia; HPV human papillomavirus
aNo E4 expression was observed in HPV negative lesions
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Fig. 1 Examples of E4 protein expression and hypermethylation of CADM1, MAL, or miR124-2 according to cervical intraepithelial neoplasia
(CIN) grading and immunoscore grading. a No dysplasia; basal Ki-67 positivity and no p16 ; no E4 positivity and no hypermethylation for genes
CADM1, MAL, or miR124-2. b CIN1; parabasal Ki-67 positivity, patchy p16 positivity; extensive E4 expression and no hypermethylation for
genes CADM1, MAL, or miR124-2. c CIN2; full thickness Ki-67 positivity and p16 positivity; extensive E4 expression and no hypermethylation
for genes CADM1, MAL, or miR124-2. d CIN3; full thickness Ki-67 positivity and p16 positivity; no E4 expression and positive hyper-
methylation for genes CADM1, MAL, or miR124-2. e CIN3; full thickness Ki-67 positivity and p16 positivity; extensive E4 expression and
negative hypermethylation for genes CADM1, MAL, or miR124-2

1846 M. van Zummeren et al.



and hypermethylation of the CADM1, MAL, and miR124-2
marker panel were inversely related, confirming that cer-
vical lesions with signs of both productive HPV infection
and HPV transformation are relatively rare but still found in
one CIN3 (immunoscore 6).

In more detail, high-grade CIN lesions (either defined as
CIN2/3 or by immunoscore 4–6) with extensive E4
expression tested negative for the methylation panel
CADM1, MAL, and miR124-2 in all but one case (propor-
tion of test positives: for CIN2/3: n= 1/6, 17%, and
immunoscore 4–6: n= 1/8, 13%). Also, in all low-
grade lesions (≤CIN1 or ≤immunoscore 3) with extensive
E4 expression, no methylation marker positivity was
found. On the other hand, high-grade lesions with no
extensive E4 expression showed hypermethylation more
often (for CIN2/3: n= 15/33, 46%; for immunoscore 4–6:
n= 16/35, 46%).

Discussion

In this study, we determined expression patterns for both the
E4 protein, reflecting the onset of a productive HPV
infection, and hypermethylation status of host-cell genes
CADM1, MAL, and miR124-2, associated with transforma-
tion by HPV infection, in a series of cervical precursor
lesions with increasing grade of severity and cancer [21, 29,
30]. E4 expression correlated with low hypermethylation of
the host-cell genes, irrespective of lesion grade. Extensive
E4 expression was found most frequent in CIN1 lesions and
decreased with increasing CIN grade to be absent in cervical
carcinomas, especially when analyzed in HPV-positive
lesions only. E4 was not found in HPV negative lesions.
On the contrary, positivity rate of hypermethylation of
CADM1, MAL, and miR124-2 genes was very low in CIN1
and lesions with Ki-67 and p16ink4a immunoscore 0–3, and
increased with the severity of CIN, detecting all carcinomas.

Also the proportion of hypermethylated CADM1, MAL, or
miR124-2 genes increased with increasing CIN grade
toward cancer. Nonetheless, extensive expression of E4 was
present in a percentage of all categories of CIN defined by
both CIN and Ki-67 and p16ink4a immunoscore grading,
indicating that some lesions with transforming features
(CIN2/3 or Ki-67 and p16ink4a immunoscore 4–6) may still
support late events in the papillomavirus life cycle. In
general, however, E4 expression correlated with low-
hypermethylation levels of genes CADM1, MAL, or
miR124-2, irrespective of lesion grade.

In previous literature, Griffin et al. [12, 31] state that the
inverse pattern of transformation and E4 in cervical disease
may facilitate the detection and monitoring of low-grade
lesions, and their transition to higher-grade disease. Our data
confirm that extensive E4 expression is found in low-grade
lesions, but also in the upper epithelial layers of some high-
grade lesions (illustrated by example in Fig. 1e). Previous
studies have shown that E4 expression is much more com-
mon in CIN2 than CIN3, suggesting that CIN2 is very
heterogeneous and includes predominantly productive
lesions as well as more transformed lesions. The expression
of E4 in some higher-grade lesions including CIN3 illus-
trates the importance of Ki-67 and p16ink4a and hyper-
methylation of host-cell genes to complement E4. Increased
E6/E7 deregulation, as present in Ki-67 and p16ink4a positive
lesions, can potentially result in suppression of E4, and also
lead to upregulation of DNMT1, causing increased hyper-
methylation and transformation of cells [13, 32]. Accord-
ingly, we found very low hypermethylation levels in
extensive E4 positive lesions, which suggests that E4 is a
surrogate of methylation absence. Collectively, our results
further support the use of E4 and methylation analysis of
host-cell genes in combination with other biomarkers, as
additional tools to define more accurately early (E4 positive)
and advanced CIN lesions (Ki-67, p16ink4a, and hyper-
methylation positive). This concept is presented in Fig. 3.
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A limitation of our study is that clinically validated
thresholds to determine CADM1, MAL, and miR124-2
marker’s positivity in DNA isolates from cervical formalin-
fixed paraffin-embedded material are not yet available, as
this marker panel has been validated before in isolates from
cervical scrape material [33]. To resolve this, we determined
thresholds for positivity based on the Cq ratios of the
nondysplastic tissue specimens. In future studies, these
thresholds specific for DNA isolates from formalin-fixed
paraffin-embedded specimens need to be further validated.
Furthermore, we used a protein K procedure on whole-
tissue sections for DNA isolation from formalin-fixed
paraffin-embedded material. This technique is feasible

and yields a high quantity of DNA. However, we cannot
exclude target dilution because sometimes only a small
part of the tissue section consisted of dysplastic cells.
Laser capture microdissection might help to solve this
problem [34].

We previously showed that the Ki-67 and p16ink4a

immunoscore grading system has a higher accuracy and
higher reproducibility compared to classical CIN grading,
particularly for the diagnosis of CIN3 (treatment) and
CIN1 (no treatment) thereby narrowing the number of
the heterogeneous CIN2 group of lesions. Our results
involving E4 expression and hypermethylation further
support significance of the use of Ki-67 and p16ink4a

staining for accurate CIN grading. The significant differ-
ences we found between lesions defined by an immunoscore
of 6 (treatment) and an immunoscore of 0–3 (no treatment)
in methylation marker status and the low frequency of
hypermethylation in lesions with extensive E4 expression
further substantiate the use of the immunoscore grading
system in order to determine clinical management in women
diagnosed with CIN.

In particular, the heterogeneous group of CIN2 with
immunoscores ≥4, wherein management might vary, can
be divided by expression of E4, indicating the onset of a
productive infection, into lesions with a low short-term
progression risk to cancer on one hand, and by hyper-
methylation status, indicating an advanced transforming
infection, into lesions with a high short-term progression
risk on the other hand. In clinical practice, extensive
expression of E4 might be used to advocate a wait-and-
see policy, whereas positivity for hypermethylation status
might trigger the decision to treat. Such a biomarker-based
approach for classification of CIN has the potential to
prevent under- and overtreatment in women diagnosed
with cervical lesions. Although promising, larger studies
are needed to validate our findings before we can make
definitive clinical recommendations. Finally it should be
realized that even in the hands of an experienced colpos-
copist, the sensitivity of the tissue biopsy for CIN2 or CIN3
does not exceed 50–60% [35, 36], making the use of a
more objective, biomarker-based CIN grading system
even more necessary.

In conclusion, our results on HPV E4 protein expression
and hypermethylation status of CADM1, MAL, and
miR124-2 genes in cervical lesions defined either by CIN
grading or by Ki-67 and p16ink4a immunoscore grading
argue for the use of these biomarkers as adjunctive
tools to substantiate an accurate CIN diagnosis. Some
extensive E4 expression was found in CIN lesions defined
by Ki-67 and p16ink4a immunoscore groups 4–6, however,
these lesions showed very low hypermethylation of
CADM1, MAL, and miR124-2 genes and the E4 expression
was often present in the upper, less atypical parts of a

Table 4 Biomarker E4 and methylation marker patterns within
precancers defined by both CIN grading and immunoscore grading

E4 score Methylation marker status

Negative Positive

n % n % Total

CIN grading

≤CIN1 (n= 54) Negative 41 87 6a 13 47

Focal 1 100 0 0 1

Extensive 6 100 0 0 6

CIN2 (n= 17) Negative 8 80 2b 20 10

Focal 3 75 1 25 4

Extensive 3 100 0 0 3

CIN3 (n= 22) Negative 5 33 10c 67 15

Focal 2 50 2 50 4

Extensive 2 67 1 33 3

Ki-67 / p16ink4a immunoscore groups

0–3 (n= 50) Negative 40 89 5d 11 45

Focal 1 100 0 0 1

Extensive 4 100 0 0 4

4–5 (n= 13) Negative 6 75 2e 25 8

Focal 2 67 1 33 3

Extensive 2 100 0 0 2

6 (n = 30) Negative 8 42 11f 58 19

Focal 3 60 2 40 5

Extensive 5 83 1 17 6

The combined expression of the human papillomavirus (HPV) E4
protein (negative, focal, or extensive staining), and hypermethylation
of the CADM1, MAL, and miR124-2 marker panel are shown within
cervical intraepithelial neoplasia (CIN) defined by both classical- and
Ki-67 and p16ink4a immunoscore grading. E4 expression was only
present in HPV-positive lesion
a1/6 HPV positive
b1/2 HPV positive
c8/10 HPV positive
d0/5 HPV positive
e1/2 HPV positive
f4/11 HPV positive

1848 M. van Zummeren et al.



lesion. This further substantiates the gradual transition
from early CIN lesions, characterized by extensive E4
expression, to advanced transforming lesions, characterized
by extensive hypermethylation of CADM1, MAL, and
miR124-2 genes. The use of E4 expression and hyper-
methylation status in addition to Ki-67 and p16ink4a

expression is likely to result in a more accurate approach to
identify CIN lesions in need of treatment. Larger studies to
confirm the value of defining the biomarker patterns
defined here, and establish their value in decisions about
treatment of potential precancers in clinical practice are
needed.
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