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Background : Pseudoepitheliomatous hyperplasia (PEH) is a reactive proliferation of sur-
face epithelium and can be confused with invasive squamous cell carcinoma (SCC) in head
and neck biopsy specimens. To distinguish PEH from invasive SCC, immunohistochemical
staining for claudin-1, E-cadherin and p53 was performed. Methods : Eighteen cases of PEH
and 29 invasive SCC from head and neck lesions were immunostained and examined. Results :
The invasive SCC showed increased staining of claudin-1 (p<0.001) and p53 (p<0.001) and
decreased staining of E-cadherin (p=0.005) compared to the PEH specimens. The combined
score calculated by adding the positive sum of claudin-1 and p53 and subtracting E-cadherin
was useful for the differentiation of SCC from PEH (89.7% sensitivity and 88.9% specificity,
p<0.001). Conclusions : The combined immunostaining for claudin-1, p53 and E-cadherin
may help differentiate PEH from invasive SCC. The results of this study suggest that the
increased expression of claudin-1 and p53 and the decreased expression of E-cadherin maybe
markers for the aggressive growth of invasive SCC.
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Pseudoepitheliomatous hyperplasia (PEH) is a reactive epithe-
lial proliferation that occurs in response to underlying infec-
tious, inflammatory or neoplastic conditions.1 Histologically,
PEH is characterized by epithelial hyperplasia with irregular
cords of epithelial cells extending into the dermis, as well as
varying degrees of hyperkeratosis and papillomatosis. Unlike
squamous cell carcinoma (SCC), PEH lacks pronounced nucle-
ar atypia, abundant or abnormal mitoses and prominent dysker-
atosis.2 However, the histological features of PEH may simulate
well-differentiated, infiltrating SCC. Therefore, PEH can be con-
fused with invasive SCC of head and neck biopsy specimens.3,4

The problem is in part due to small tissue samples, dense inflam-
mation and poor orientation. Several immunohistochemical
markers such as p53, E-cadherin, collagen IV, matrix metallo-
proteinase 1 (MMP-1), MMP-7, MMP-12, and MMP-13, have
been studied for their association with the diagnosis of SCC. In
addition, some markers have been found to be useful in the dif-
ferentiation of SCC from PEH.2,3,5-7 However, previous studies
on the immunohistochemical staining patterns of SCC and PEH
are limited. 

E-cadherin is a cell membrane associated protein involved in
cell-cell adhesion. The loss of expression of E-cadherin has been



reported in various malignant tumors, including SCC. It has
also been suggested that the expression of E-cadherin and p53
are useful in differentiating SCC from PEH.3 Claudins are a
group of transmembrane proteins that are products of a gene
family composed of more than 24 members;8-10 increased expres-
sion of claudin-1 in SCC of the uterine cervix11 and colon can-
cer12 has been previously reported. To distinguish PEH from
invasive SCC, we performed immunohistochemical staining for
claudin-1, p53 and E-cadherin, followed by statistical analysis
of the data.

MATERIALS AND METHODS 

Patients and tissue samples

We retrospectively studied 18 cases of PEH and 29 of SCC
that were obtained from 46 patients who had undergone mucos-
al biopsy, from the head and neck regions, between June 2002
and December 2005, and had follow up information for at least
two years. This study had local ethics committee approval ob-
tained from the Chonbuk National University Hospital’s insti-
tutional review board. Informed consent was provided accord-
ing to the Declaration of Helsinki. 

We defined PEH as the characteristic proliferation down-
growth of rete pegs into the submucosa, where the individual
cells mature with only occasional dyskeratosis.2,3 In cases with
SCC, surface mucosa and invasive tumor existed on the same
slides. In cases with PEH, nonproliferative surface mucosa and
hyperplastic mucosa existed on the same slides.

Immunohistochemical staining and scoring

The tissue sections were deparaffinized and treated using a
microwave antigen retrieval procedure in sodium citrate buffer
(pH 6.0) for 12 min. The tissue samples were immunostained
with monoclonal antibodies against claudin-1 (1:100, Zymed
laboratories, South San Francisco, CA, USA), p53 (1:50, Novo-
castra, Newcastle, UK) and E-cadherin (1:100, Zymed labora-
tories) with the avidin-biotin complex technique, using appro-
priate positive and negative controls.

The immunohistochemical analysis was performed by three
authors with the results agreed on by consensus and without
knowledge of clinical or pathological information. For the semi-
quantification of claudin-1 and E-cadherin expression, a scor-
ing system was developed by multiplying the intensity of the

staining by the area that was stained. The intensity of the cell
staining for claudin-1 and E-cadherin was graded according to the
following scale: 0, no staining; 1, mild staining; 2, moderate stain-
ing; 3, marked staining. The areas of staining for the claudin-1,
E-cadherin and p53 were evaluated using the following scale: 0,
<10% of the cells stained positive; 1, 10-29% of the cells stained
positive; 2, 30-69% of the cells stained positive; 3, ≥70% of
the cells stained positive. The maximum score for claudin-1 and
E-cadherin expression was 9, and the minimum score was 0. Im-
munostaining for p53 was semi-quantified by the area of stain-
ing, which was scored from 0 to 3. 

Statistical analysis

SPSS software (version 15.0) was used for statistical analysis.
Comparison of the expression of claudin-1, p53 and E-cadherin
for SCC and PEH were analyzed using the t-test and 2 test.
The discriminatory power was assessed by the area under the
curve (AUC) of the receiver operating characteristic (ROC)
curve, and the best cutoff point was determined by the highest
positive likelihood ratio (sensitivity/[1-specificity]) for each stain-
ing method. A p-value less than 0.05 was considered significant.

RESULTS

The average age of the patients with SCC was 65.2±10.4
(range, 33-80 years), and for PEH it was 53.4±18.8 (range, 8-
84 years). The male-female ratio was 8:10 and 24:5 for PEH
and SCC, respectively. The location of the sampled lesion was
the lip and oral cavity (14 cases of SCC and 17 cases of PEH),
pharynx (one case in both SCC and PEH), and larynx (14 cases
of SCC) (Table 1). 

We used ROC curves to determine the cutoff level and to
compare the staining methods by the AUC. Since the ROC
curve is a plot of the true positive rate (sensitivity) versus the
false positive rate (1-specificity) for determination of the disor-
der (SCC in our study) or normal state (PEH in our study), the
cutoff level for the ideal test is presented as the sensitivity 1 and
specificity 1, or as the AUC 1.000. In this study, the cutoff levels
for each stain were determined to be: six for claudin-1, one for
p53 and four for E-cadherin. The AUCs were 0.900 for claudin-
1, 0.896 for p53 and 0.744 for E-cadherin (Fig. 1) (Table 2).
Depending on the cutoff level, each variable could be defined
as positive (1) or negative (0). A higher score of claudin-1 and
p53 combined, without E-cadherin, was more common in SCC
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than PEH. A model was established with the sum of positive
claudin-1 and p53 minus the number of positive E-cadherin
(i.e., the combined score=claudin-1+p53-E-cadherin). The range
of combined scores was -1 to 2, and the cutoff point was 1 (Fig.
1). Immunohistochemical staining for claudin-1, p53 and E-
cadherin all showed significantly different staining patterns for
SCC compared to PEH, and the most significant model was the
one with the combined score. Because a higher AUC generally
reflects a more effective diagnostic method, the combined score
(AUC=0.945) was determined to be the most effective method
to distinguish between SCC and PEH (89.7% of sensitivity and
88.9% of specificity, p<0.001) (Table 3).

Claudin-1 was detected in the cytoplasm membrane and
showed increased membranous staining with invasive SCC com-
pared to PEH (positive in 82.8% of SCC and 16.7% of PEH,
p<0.001). For PEH, immunoreactivity to claudin-1 was limit-
ed to the cytoplasm membrane of the intermediate cells of the
squamous epithelium, and the basal and parabasal layers were
not immunoreactive (Fig. 2A). For SCC, the tumor cells showed
strong immunoreactivity along the cytoplasmic membrane (Fig.

2B). Immunohistochemical reactivity for p53 was increased with-
in the nuclei of the invasive SCC (positive in 82.8% of SCC and
11.1% of PEH, p<0.001). For PEH, nuclear staining for p53
was focally limited to the basal and parabasal cells (Fig. 2C).
The SCC showed diffuse and strong immunoreactivity for p53
throughout the tumor (Fig. 2D). E-cadherin showed decreased

Characteristics SCC (n=29) PEH (n=18)

Age (range) 65.2±10.4 (33-80) 53.4±18.8 (8-84)

Sex
Male 24 (82.8%) 8 (44.4%)
Female 5 (17.2%) 10 (55.6%)

Location
Lip and oral cavity 14 (48.3%) 17 (94.4%)
Pharynx 1 (3.4%) 1 (5.6%)
Larynx 14 (48.3%) 0 (0.0%)

SCC, squamous cell carcinoma; PEH, pseudoepitheliomatous hyper-
plasia.

Table 1. Distribution of cases by patient age, patient sex, and
location of lesion

Score AUC p-value 95% CI Cutoff

Claudin-1* 0.900 <0.001 0.804-0.997 ≥6
p53 0.896 <0.001 0.802-0.989 ≥1
E-cadherin*,� 0.744 0.005 0.602-0.886 ≤4
Combined score� 0.945 <0.001 0.884-1.007 ≥1

AUC, area under curve; 95% CI, 95% confidence interval. 
*, the score was obtained by multiplying staining intensity score by
staining area score; �, because the lower staining score of E-cadherin
was presented in squamous cell carcinoma rather than pseudoepithe-
liomatous hyperplasia, the values were calculated reversely; �, com-
bined score=claudin-1+p53-E-cadherin (variables were positive or
negative by cut-off level).

Table 2. Statistical data on receiver operating characteristic
curves

Fig. 1. Analysis of sensitivity and specificity for claudin-1 score,
p53 score, E-cadherin score, and combined score between squa-
mous cell carcinoma and pseudoepitheliomatous hyperplasia,
represented by receiver operator characteristic curves.
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(n=29)
(%)

PEH 
(n=18)

(%)

Sensitivi-
ty

Specifici-
ty

p-
value*

Claudin-1
Negative (≤4) 5 (17.2) 15 (83.3) 82.80% 83.30% <0.001
Positive (≥6) 24 (82.8) 3 (16.7)

p53
Negative (0) 5 (17.2) 16 (88.9) 75.90% 94.40% <0.001
Positive (≥1) 24 (82.8) 2 (11.1)

E-cadherin�

Negative (≤4) 23 (79.3) 7 (38.9) 79.30% 61.10% 0.005
Positive (≥6) 6 (20.7) 11 (61.1)

Combined score�

Negative (≤0) 3 (10.3) 15 (83.3) 89.70% 88.90% <0.001
Positive (≥1) 26 (89.7) 3 (16.7)

SCC, squamous cell carcinoma; PEH, pseudoepitheliomatous hyper-
plasia. 
*, analyzed by χ2 test; �, because the lower staining score of E-cad-
herin was presented in SCC rather than PEH, the values were calcu-
lated reversely; �, combined score=claudin-1+p53-E-cadherin (vari-
ables were positive or negative by cut-off level).

Table 3. Expression of claudin-1, p53, and E-cadherin in squa-
mous cell carcinoma and pseudoepitheliomatous hyperplasia



membranous staining in the invasive SCC (negative in 79.3%
of SCC and 38.9% of PEH, p=0.005). The benign epithelium
of the PEH showed uniform membranous staining, even in the

irregular cords of the epithelial cells extending into the dermis
(Fig. 2E). The invasive tumor cells showed weak and incom-
plete membranous staining for E-cadherin (Fig. 2F).
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Fig. 2. (A) Pseudoepitheliomatous hyperplasia (PEH) shows weak staining for claudin-1 in intermediate cells. (B) Diffuse expression of
claudin-1 along the cytoplasmic membrane of the squamous cell carcinoma (SCC). (C) Absence of immunoreactivity for p53 in PEH. (D)
SCC shows numerous strongly positive nuclei for p53. (E) PEH shows uniform membranous staining for E-cadherin, even in irregular
cords of epithelial cells extending into the dermis. (F) SCC shows weakly incomplete membranous staining for E-cadherin (A-F; ×100,
inset; ×400).
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DISCUSSION

Histologically, SCC can be distinguished from PEH by the
presence of cytological atypia, including nuclear pleomorphism,
maturation atypia and mitoses.3,13 PEH does not demonstrate
cytological signs of malignancy, although it may show reactive
atypia.3,13 In addition, PEH is recognized by its pattern of epi-
dermal reaction to a variety of stimuli. Therefore, awareness of
associated diseases and a careful search for an underlying condi-
tion is crucial for a reliable diagnosis.13,14 However, it is some-
times extremely difficult to distinguish PEH from SCC and
mistaking PEH for SCC may lead to the unnecessary removal of
more tissue or unnecessary additional therapy, such as radiation
therapy.13,15,16 For this reason, some studies have tried to distin-
guish PEH from SCC by immunohistochemical staining.3,7,17

Immunohistochemical staining for E-cadherin, p53, MMP-
1, MMP-7, MMP-12, MMP-13, MMP-19, and p16 have been
suggested as useful in the differential diagnosis.3,6,7 SCC has been
reported to show significantly increased expression of p53, MMP-
1, MMP-7, MMP-12, and MMP-13. Expression of E-cadherin,
p16 and MMP-19 has been reported to be decreased in SCC.3,6

On the other hand, immunostaining for collagen IV, MMP-3,
MMP-8, MMP-9, MMP-10, or the number of CD1a-positive
cells has not been useful for differentiating these two entities.3,6,17

Therefore, we sought to differentiate PEH from the well-differ-
entiated invasive SCC by immunostaining with claudin-1, p53
and E-cadherin. The results of this study showed that the sole
expression of these markers, a combination of increased expres-
sion of p53 and claudin-1, and the decreased expression of E-
cadherin, was useful in the differentiation of these two diseases.
This is the first report to present a combined scoring system
using several immunohistochemical markers to differentiated
SCC from PEH.

The claudins are integral transmembrane proteins located at
tight junctions.8 The claudin family consists of at least 24 mem-
bers, whose expression depends on the cell type and tissue.8,18,19

The claudins participate in intracellular signaling20 and may
have a role in cancer development.11,19 Increased expression of
claudin-1 has been demonstrated in intraepithelial neoplasia
and SCC of the uterine cervix compared to normal epithelium;
these findings have suggested that claudin-1 might be a good
diagnostic marker for the detection of cervical intraepithelial
neoplasia.11 Moreover, pulmonary SCCs showed a significantly
higher expression of claudin-1 compared to pulmonary adeno-
carcinoma; therefore, this expression pattern might provide an
additional diagnostic tool.21 The results of our study also showed

that claudin-1 expression was significantly increased in SCC com-
pared to PEH. Taken together, these data suggest that increased
expression of claudin-1 plays an important role in the develop-
ment of SCC. In addition, increased expression of claudin-1 has
been reported in colorectal adenocarcinoma.12 However, there
are some differences in the expression among different tumor
types; invasive breast carcinoma and malignant melanoma, for
example, showed decreased expression of claudin-1.22,23

E-cadherin is a cell-cell adhesion transmembrane molecule
that plays an important role in both cell adhesion and cell sig-
nal transduction. Various human malignant tumors, such as
carcinomas of the breast, esophagus, colon, and stomach, have
been reported to have decreased expression of E-cadherin. More-
over, decreased expression of E-cadherin has been associated with
vascular invasion and decreased survival in head and neck SCCs.24

Furthermore, consistent with our findings, decreased expres-
sion of E-cadherin has also been helpful in distinguishing SCC
from PEH.3

p53 is one of the most common tumor suppressor genes found
in human malignancies; approximately 50% of human malignan-
cies show alteration of this gene.25 In paraffin-embedded tissue,
malignant tumors show more frequent expression of p53 when
compared to their benign counterparts.2,3,26 However, despite
the frequent alteration of the p53 gene in malignant tumors,
immunohistochemical expression rates of p53 vary in different
studies. Our study showed that 82.8% of SCC and 11.1% of
PEH tissues were positive for p53. Our results are consistent
with other reports.3,26 It has been reported that 81-87% of SCC
tissues express p53, and that the p53 expression pattern is help-
ful in differentiating SCC from PEH.3,26 Only 29% of PEH tis-
sues were reported to have p53 expression,3 with a less intense
and more extensive staining pattern compared to SCC.2 How-
ever, some reports have demonstrated that only 34-52% of SCC
were immunoreactive for p53.27,28

In this study, the sole expression of claudin-1, p53 or E-cad-
herin also showed significantly different expression patterns
between SCC and PEH. Furthermore, a combined score was
most accurate in differentiating the two diseases, with 89.7%
of sensitivity and 88.9% of specificity. However, despite the high
sensitivity and specificity of the combined score, there were also
false positive and false negative cases. Three of 29 (10.3%) SCC
samples had a negative combined score and three of 18 (16.7%)
PEH had a positive combined score. However, for difficult diag-
nostic cases, four out of 18 that were finally confirmed to be PEH
had follow-up recommended or another biopsy due to the diffi-
culty in differentiating PEH from SCC; two cases required anoth-
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er biopsy. In our study, the combined score of these four cases
was zero, zero, zero, and one. In other words, three of the four
difficult to diagnose PEH cases had a negative combined score
and one case had a positive combined score. This result suggests
that despite the presence of false positive or false negative cases,
the application of our immunohistochemical staining panel was
very useful for differentiating PEH from SCC. 

In conclusion, the combined immunostaining for claudin-1,
p53, and E-cadherin was useful for differentiating pseudoep-
itheliomatous hyperplasia from invasive squamous cell carcino-
ma. The results of this study suggest that increased expression
of claudin-1 and p53 and decreased expression of E-cadherin
may be markers for the aggressive growth of invasive squamous
cell carcinoma. However, the combination of histological find-
ings and immunohistochemical staining results is required for
reliable differentiation of SCC and PEH. An adequate sample
that can be properly oriented with hematoxylin-eosin-staining
of the histological specimen remains the gold standard for a
diagnosis. 
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