
Abstract. The epithelial cell adhesion molecule (EpCAM)
is a well-known and widely accepted tumor-associated
antigen in head and neck squamous cell carcinoma
(HNSCC). In contrast, little is known about cytokeratin 8
(CK8), an intermediary filament protein, recently
associated with HNSCC. Studies demonstrated an aberrant
expression on the cell surface of different carcinomas of
both antigens. We performed an immunohistochemical study
on the expression pattern of CK8 in comparison to EpCAM
on cryosections, followed by microscopic quantitative and
semi-qualitative analyses. Both antigens showed
heterogenous expression both in individual carcinomas and
between different carcinoma types. Furthermore, the
expression of CK8 is clearly dependent on the degree of
histological tumor cell differentiation. With increasing de-
differentiation, the amount of CK8 expression increased,
which was not seen for EpCAM. The expression of EpCAM
was high on all carcinomas independent of their
anatomical localization. Regarding CK8, there seems to be
a correlation between the expression grade and the
anatomical site. The application of CK8 may provide
additional supplementary information on HNSCC.

The prognosis of head and neck squamous cell carcinoma
(HNSCC) is still poor. Therefore, many efforts focus on new
therapeutic options in order to improve the clinical situation.

Tumor-associated antigens (TAA) seem to be interesting
tools for optimizing diagnosis and therapy of HNSCC.

One well-known TAA is the epithelial cell adhesion
molecule (EpCAM), a transmembrane glycoprotein which is
de novo expressed in many squamous cell carcinomas of the
cervix, lung, and head and neck (1-3). There is extensive
knowledge on this glycoprotein and its role in cancer (4-11). 

Another new promising TAA for diagnosis and therapy
of head and neck cancer seems to be cytokeratin 8 (CK8).
It is found on simple epithelia and in various carcinoma
types (12, 13). CK8 is a columnar filament, located
mainly intracellularly. In addition, a soluble form of CK8
exists in the serum (14). It is also expressed on the cell
surface of breast carcinoma cells (15). Hembrough et al.
verified CK8 expression on the cell surface of both,
hepatocytes and hepatocellular carcinomas (16). Many
studies have already provided evidence of high levels of
CK8 on the surface of malignant cells. Likewise,
increased levels of CK8 were found on squamous cell
carcinomas by immunohistochemistry (17). Xu et al.
showed an increased expression of CK19 and CK8 already
in dysplastic and pre-malignant tissues (18). Using the
technology of autoantibody-mediated identification of
antigens (AMIDA) antibodies against CK8 have already
been detected in the serum of patients with HNSCC (19,
20). In both different cell lines of HNSCC and biopsies of
HNSCC, an aberrant expression of CK8 was shown (19,
21). However it is still not known why CK8 is expressed
on the cell surface. Some studies have shown that CK8
acts as a receptor for plasminogen, promoting its
activation (22-25).

The aim of the present study was to investigate the
expression pattern of CK8 in healthy tissues and in HNSCC
in comparison to EpCAM. We also evaluated the suitability
of CK8 as a TAA in future antibody therapy of HNSCC.
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Materials and Methods

Patient tissue samples. Specimens of 46 patients with primary
HNSCC were taken intraoperatively, snap-frozen in liquid
nitrogen and stored at −80˚C. The group consisted of three
females aged between 65 and 81 years and 43 males aged
between 37 and 80 years. The median age was 73.3 years for the
females and 58.3 years for the males. Six carcinomas were
located in the oral cavity, 17 carcinomas in the oropharynx, seven
carcinomas in the hypopharynx and the remaining 16 tumors were
located in the larynx. Histology confirmed malignant growth in
all cases. The grade of tumor cell differentiation was in one well-
differentiated (G1) carcinoma, 17 carcinomas were moderately
differentiated (G2) and the remaining 28 tumors were poorly
differentiated (G3). The tumors were divided into different groups
according to the classification of the International Union against
Cancer (26) (Table I).

For control purposes, healthy epithelium from the oropharyngeal
mucosa was obtained from 25 patients who had underwent
tonsillectomy due to chronic tonsillitis or tonsillar hyperplasia. None
of them presented dysplasia or malignant growth histologically. The
control group consisted of 14 males and 11 females; the median age
was 18.5 years (range=4-55 years). The group comprised 10
smokers and 15 non-smokers.

Immunohistochemistry. Immunohistochemical analysis of the
expression of EpCAM and CK8 was performed on cryosections
applying the avidin-biotin complex immunperoxidase technique
(Dianova, Hamburg, Germany). To block non-specific binding,
sections were incubated with goat serum for 25 min (Dako,
Glostrup, Denmark). After removing excess fluid, the slides were
incubated with monoclonal EpCAM-specific antibody C215 (Trion
Pharma Inc., Munich, Germany) and monoclonal CK8-specific
antibody HK-8 (Covance Research Products, Berkeley, California,
USA) for 60 min. The alkaline phosphatase-antialkaline phosphatase
system (Dako, Glostrup, Denmark) was used for detecting the
primary antibody. The specifically bound primary antibody was
visualized by staining with 3-amino-9-ethylcarbazol (AEC). Cell
nuclei were counterstained with haemalaun (Merck, Darmstadt,
Germany). All experiments were performed in triplicate on at least
two different slides.

Data evaluation and morphometric analysis. The microscopic
analysis was performed in two steps. Firstly, a qualitative analysis
was performed, followed by a semiquantitative analysis. 

Regarding the qualitative analysis, the specific staining of the
antibodies HK-8 and C215 were confirmed, especially if there was
a cytoplasmatic or membranous staining. Additionally, the
distribution within the various tissue compartments, such as tumor
center or tumor margins, was analyzed.

For the semiquantitative morphometric analysis, the absolute
count of tumor cells was determined in five randomly chosen
visual fields (0.041 cm2). In a second step, the number of
positively labeled cells was related to the total cell count
(expression index). The percentage expression was divided into
five different groups (Table II). Group 1 contained carcinomas
with a low proportion of HK-8- and C215- positive cells (0-
25%); group 2 consisted of carcinomas with a moderate
proportion of HK-8- and C215-positive cells (26-50%); group 3
comprised those carcinomas with a high proportion (51-75%)

and group 4 contained carcinomas with a very high proportion
of HK-8 and C215 stained cells (76-90%). Carcinomas
expressing HK-8 and C215 in nearly all cells comprised group 5
(91-100%).

The examination was performed by two independent observers.
The aberrance between the results of these two examiners was
less than 10%.

All data were further evaluated by statistical analysis. In order to
analyze the correlation between the expression pattern of CK8 and
EpCAM and the biological behavior of the tumor, we used the
Spearman test to determine the correlation. A p-value<0.05 was
determined to be statistically significant.

Results

Expression of CK8 and EpCAM in healthy mucosa. All
specimens of normal healthy mucosa exhibited specific
staining with the antibody against CK8 present only in single
basal epithelial cells. Only 5% of all evaluated cells were
labeled. All stroma cells were negative for CK8. The glands
showed strong positive staining and were used as an internal
positive control for the specificity of staining (Figure 1). For
EpCAM, none of the normal mucosal specimens revealed
any expression of EpCAM. Again, the stromal cells were
negative. The glands exhibited a strong positive staining for
EpCAM and were again used as the positive control for the
specificity of staining (Figure 2).

Expression of CK8 in HNSCC. A total of 44 patients were
evaluated. Two data sets had to be omitted due to minor quality
of the tissue sections. Both were poorly-differentiated tumors. 

Except for four carcinomas, all tumors exhibited both
specific and clearly cytoplasmatic and membranous staining
for CK8 in the tumor cells (Figure 3).

The proportion of the labeled tumor cells was
heterogeneously-distributed between the different
carcinomas. The expression percentage ranged between 0%
and 100% of examined carcinomas. Similarly, the
expression was statistically significantly different with
respect to grade of differentiation. Thus, the single case of
well-differentiated carcinoma (G1) had an expression of
category 1 (0-25%). Carcinomas of medium differentiation
(G2) exhibited maximal expression in up to 50% of the
tumor cells in 88% of the cases. Out of the moderately
differentiated carcinomas, 47% had an expression of
category 1 (0-25%) and 41% belonged to category 2 (26-
50%). Only 12% of the carcinomas of the G2 group
exhibited expression in more than 50% of the tumor cells;
6% of them had category 3 (51-75%) expression, the other
6% belonged to category 5 (91-100%). In contrast, 23% of
the poorly-differentiated carcinomas had an expression
index belonging to category 3 (51-75%), 15% belonged to
category 4 (76-90%) and 39% to category 5 (91-100%).
Thus, the 77% of the poorly-differentiated carcinomas
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exhibited expression of CK8 in more than 50% of the tumor
cells. A quantitative differentiation between cytoplasmatic
and membranous expression was limited due to expression
in both cell compartments. Overall, there were no
statistically significant differences. The correlation between
the expression and the histological differentiation was
statistically significant with p<0.05.

With respect to the intra-tumoral distribution of CK8
staining, heterogenous expression of CK8 was seen within
the carcinomas. Besides strongly CK8-positive areas,
occasionally adjacent tumor areas remained completely
negative for CK8. However, the expression at the invasive
front of the tumor was much higher than in other areas of
the tumor (Figure 4). In addition, the extent of CK8
expression seems to be dependent on the anatomical
localization of the carcinoma. Carcinomas of the oral cavity
exhibited mainly expression of category 1. Only one
carcinoma belonged to category 2. Half of the laryngeal
carcinomas had category 4 or 5 expression. Carcinomas of
the hypopharynx mostly belonged to category 2 and 3.
Oropharyngeal carcinomas were ambiguous.

There was no statistical correlation between the tumor
stage and the expression index.

Expression of EpCAM in HNSCC. In the same study
population as described before, one of the carcinomas was
highly differentiated, 15 carcinomas were moderately
differentiated carcinomas and the remaining 28
carcinomas were low-grade carcinomas. Except for one
tumor, all HNSCC exhibited both cytoplasmatic and
membranous staining for EpCAM (Figure 5). The glands
also exhibited a strongly positive staining for EpCAM.
The stromal cells were completely negative. In contrast to
CK8, there was minor heterogenity in EpCAM expression
between the carcinomas. Although the expression index

ranged between 0% and 100%, 86% of the HNSCC
showed an expression index of category 3 or higher; 14%
of the carcinomas had an expression index of category 1
to 3. There was no correlation between histological
grading and the expression index. The highly
differentiated carcinoma had an expression index of
category 5; 13% of the medium differentiated carcinomas
had an index of category 1, 27% belonged to category 3,
40% to category 4 and the remaining 20% to category 5.
Thus, 87% of the HNSCC had positive staining for
EpCAM in more than 50% of the tumor cells. 84% of the
low-grade carcinomas had an expression index of category
3 and higher. A total of 16% of carcinomas had expression
in fewer than 50% of the tumor cells. Therefore, there was
no correlation between the expression index and the
histological grading.

Due to both a cytoplasmatic and membranous expression
pattern, no statistically significant difference was seen for
cellular sub-groups.

Regarding the expression index, it was clearly shown that
the expression within an individual tumor was
heterogeneous. Besides strongly positively stained tumor
cells, there were negative tumor cells. Increased expression
at the invasive front was not identified for EpCAM.

The statistical analysis showed that the expression of
EpCAM is independent of both the tumor stage and the
origin of the tumor. 

Expression of both EpCAM and CK8 in HNSCC. The
expression of EpCAM and CK8 in HNSCC showed
distinct differences when compared to each other. Both
antigens were heterogeneously expressed both within
individual carcinomas and between different carcinomas.
This heterogeneous expression was much stronger for CK8
than EpCAM. Furthermore, the expression of CK8 was
clearly dependent on the histological grading of the
carcinoma. With increasing de-differentiation, positive
association of tumor cell staining with expression grade
was seen. This was not the case for EpCAM. The highly
differentiated carcinoma had an expression index of CK8
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Table I. Distribution of study patients with head and neck squamous cell
cancer by tumor stage and grade.

Number

T-Stage

T1 2
T2 20
T3 12
T4 12

Grade

G1 1
G2 17
G3 28

Table II. Different categories representing the different degree of expression
according to staining with cytokeratin 8 (HK8) and EpCAM (C215).

Group Percentage of positively-stained cells

1 0-25%
2 26-50%
3 51-75%
4 76-90%
5 91-100%



belonging to category 1 (0-25%), for EpCAM an
expression of category 5 (91-100%) was found. EpCAM
seems to be much more strongly expressed in HNSCC than
CK8. Regarding CK8, most of the moderately
differentiated carcinomas had a maximal expression rate of
50%. Regarding EpCAM, most carcinomas had an
expression rate of more than 50%. There were carcinomas
which had a strong expression of EpCAM, but no or only
low expression of CK8 (Figure 6).

At the invasive front, there was an enhanced expression of
CK8, but not of EpCAM. The expression of EpCAM was
high in all carcinomas, independent of their anatomical
localization. Regarding CK8, there seems to be a correlation
between the expression grade and the anatomical site.
Carcinomas of the oral cavity had a low expression of CK8,
whereas the laryngeal and the hypopharyngeal carcinomas
had high expression.
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Figure 4. The percentage expression of cytokeratin 8 is much higher at
the invasive front of the hypopharynx carcinoma than in other areas
(magnification ×400).

Figure 3. Expression of cytokeratin 8 in a carcinoma of the hypopharynx. Left: There is a specific staining of the tumor cells. Almost a homogeneous
staining of the tumor cells can be seen. Some cells exhibit cytoplasmatic staining, others both cytoplasmatic and membranous staining (magnification
×400). Right: There is a distinct staining of the cell membrane (arrow) (magnification ×800). 

Figure 1. No expression of cytokeratin 8 (CK8) in normal healthy mucosa
of the oropharynx. There is no specific staining for CK8 in the epithelial
cells. The stromal cells are also negative (magnification ×200). 

Figure 2. Normal healthy oropharyngeal mucosa showing no expression
of the epithelial cell adhesion molecule (magnification ×200).



Discussion

There exist several studies investigating the expression of
various cytokines in HNSCC. Vaidya et al. demonstrated
an aberrant expression of different cytokines with
malignant progression to carcinoma of the tongue (27).
Moll et al. verified the expression of CK5/6, CK10, CK13,
CK17 and CK19 in carcinomas of the pharynx and the oral
cavity (12). Sesterhenn et al. identified a strong expression
of CK6 and CK16 by both immunohistochemistry and
reverse transcription polymerase chain reaction in head and
neck cancer (28).

Bongers et al. described that there are statistically
significant differences in the expression of CK16 and CK19
between the normal mucosa of patients with HNSCC and
healthy donors (29). Therefore they postulated these two
cytokines as a marker of field cancerization. From the
immunohistochemical findings of Balm et al. the aberrant
expression of several cytokines apparently depends on the
anatomical localization of the carcinoma (30). The Authors
demonstrated expression of CK18 in carcinomas of the
larynx and the hypopharynx but not in carcinomas of the
oral cavity. Our data accord well with their findings.
Cytokeratin 8 is strongly expressed by carcinomas of the
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Figure 6. Head and neck squamous cell carcinoma exhibited different expression grade regarding the epithelial cell adhesion molecule (EpCAM) and
cytokeratin 8 (CK8). A section from laryngeal carcinoma is shown stained using antibodies for both. Left: There is strong staining for EpCAM
(magnification ×600). Right: No expression of CK8 is apparent. The positively-stained glands were used as positive control (arrow) (magnification ×800).

Figure 5. Expression of the epithelial cell adhesion molecule in an oral mucosa carcinoma. Left: There is specific staining of the tumor cells. The
overview shows almost uniform staining of single tumor cells. Thereby, some cells exhibit cytoplasmatic staining, other cells exist staining of both
the cell membrane and the cytoplasm (magnification ×200). Right: The detailed image shows the partial specific membranous staining of the tumor
cells (arrow) (magnification × 400).



larynx and the hypopharynx, but not by carcinomas of the
oral cavity. 

A retrospective study of van der Velden et al. showed that
the expression of CK17 in dysplastic tissue and in carcinomas
is clearly increased compared to its expression in healthy
laryngeal tissue (31). Cohen-Kerem et al. also demonstrated
an increased expression of CK17 in laryngeal carcinomas
compared to healthy laryngeal tissue (32). Therefore, both
groups postulated CK17 as a marker for the early detection
of malignant transformation of the larynx. The intensity and
the proportion of cells positively labeled for CKI7 are
significant higher in healthy mucosa next to the tumor than
that far distant from the tumor. However, there is also an
increased expression of other cytokines such as CK10, CK13,
CK16, CK18, CK19 and CK20 in squamous cell carcinomas
of the larynx compared to healthy tissue (17, 29, 30).

Other squamous cell carcinomas such as carcinoma of the
uterine cervix also exhibited a modified expression of CK8,
CK10, CK13 and CK17 during malignant transformation.
Thereby, the expression of CK8 and CK17 increases in
invasive carcinomas, whereas the expression of CK10 and
CK13 decreases (33, 34).

Despite these intriguing observations, surprisingly little is
known regarding the expression of CK8 in HNSCC. CK8 is
normally expressed in single-layer epithelium except
squamous epithelium. As an intermediary filament protein,
it is generally located intracellularly. However, we
demonstrated aberrant membranous expression of CK8 for
different cell lines and biopsies of HNSCC (21). The
membranous expression of CK8 in HNSCC cell lines
differed in its intensity. FaDu cells (hypopharyngeal
carcinoma) exhibited the strongest expression. We performed
immunohistochemical examinations for CK8 on primary
HNSCC. Nearly all carcinomas were positive for CK8. The
stromal cells were negative for CK8. The extent of the
positively labeled cells showed a clear heterogeneity between
the various carcinomas varying between 0% and 100% of the
tumor cells. Poorly-differentiated carcinomas had the highest
expression of CK8. Thus, the expression rises with
increasing de-differentiation of the carcinoma. Similarly, in
their study on carcinomas of the larynx van der Velden et al.
described an increased expression of CK8 with decreasing
differentiation (31). Schaafsma et al. demonstrated an
increased expression of CK8 at the tumor invasion front of
HNSCC according to their findings in genitourinary
carcinomas (17) and named it an 'interface phenomenon'
(35). Our data also showed an increased CK8 expression at
the invasive front of the carcinomas. We also demonstrated
that there is a heterogenity within a carcinoma.

Immunohistochemical studies on leukoplakia of the head
and neck region showed that CK8 is expressed de novo in
dysplastic areas. In contrast, hyperplastic areas showed no
expression of CK8 (36, 37). An increased expression of CK8

changes the phenotypic characteristics of epithelial cells,
which leads to malignant transformation (38). In parallel
with the findings of Gires et al. (36), our data confirm the
absence of CK8 in healthy epithelium (only isolated cases
revealed expression of CK8 in the basal layer of few tumor
cells). These findings are in accordance with the data in the
literature that CK8 is not expressed by healthy squamous
epithelium. Similar results have been shown by Ram Prassad
et al. concerning the expression of CK19 on leukoplakias
and squamous cell carcinomas of the oral cavity (39).
Healthy mucosa exhibited expression of CK19 only in the
basal layers, whereas in dysplastic tissue expression of CK19
was found in both the basal and the suprabasal layers.
Invasive carcinomas demonstrated an increasing proportion
of CK19-positive cells with increasing dedifferentiation.

Although EpCAM is de novo expressed in HNSCC, no
expression is found on healthy epithelium (1, 3). Therefore
EpCAM attracted interest in the diagnosis of HNSCC a long
time ago – with a potential as a therapy target. 

Most squamous cell carcinomas have been described as
EpCAM-positive (1, 40, 41). Studies on biopsies of patients
with primary HNSCC showed that most tumor cells were
positive for EpCAM (42, 43). There is evidence that this is
independent both of the origin of the carcinoma, the degree
of differentiation and the tumor stage (3, 44, 45). In contrast,
Yanamoto et al. showed a significant association between the
expression of EpCAM and tumor size, regional lymph node
metastases and histological differentiation (46). In ovarian
cancer, the expression of EpCAM is high in both
metastastatic and recurrent ovarian cancer (47).

Our data show an inverse correlation between the
expression of EpCAM and the distance from the tumor
border, whereas healthy mucosa of the upper aerodigestive
tract showed no expression of EpCAM. This is in accordance
with data in the literature, which highlighted an increase of
the frequency and the expression of EpCAM regarding the
changes in the tissue from healthy through hyperplastic and
dysplastic epithelium, to finally manifest a carcinoma (2).

We previously had initial promising results using
monoclonal antibody to EpCAM for an antibody therapy of
HNSCC in vivo in a mouse model (48). Because of both de
novo expression and the aberrant membranous expression in
HNSCC, CK8 is a potential new target for an antibody
therapy for HNSCC. We already demonstrated this in vivo in
a mouse model (49).
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