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Düren, Germany

BACKGROUND: The clinical outcome of treatment of

odontogenic cysts differs depending on separate entities.

Particular clinical relevance must be attached to the

distinction between odontogenic keratocysts, which have

an evident tendency to recur, and other odontogenic

cysts. The aim of this study was to evaluate cytokeratin

(CK) expression patterns as an additional tool for char-

acterization of different cysts as the histomorphologic

appearance often is not decisive.

METHODS: Thirty cases of dentigerous and radicular

cysts respectively as well as 15 cases of odontogenic

keratocysts were considered. Expression of CK 5/6, 7, 10,

13, 17, 19 and 20 was determined in addition to Ki-67

immunohistochemically.

RESULTS: Expression of CK 17 was discernible in 93.3%

of the odontogenic keratocysts, but only in 35.0% of

dentigerous and radicular cysts under study (P < 0.001).

CK 19 could be detected in 48.3% of dentigerous and

radicular cysts, whereas odontogenic keratocysts were

completely negative (P < 0.002).

CONCLUSION: Immunohistochemical detection of CK

17 and 19 seems to be a valuable additional parameter

distinguishing between odontogenic keratocysts and

other odontogenic – especially dentigerous – cysts which

clinically are likely the most significant differential diag-

noses in this context.
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Introduction

Radicular cysts arise from the epithelial residues (rest of
Malassez) in the periodontal ligament as a consequence
of inflammation which usually follows the death of a

dental pulp (1) and represent a part of more than a half
of all odontogenic cysts (2). If a radicular cyst is retained
in the jaws after removal of the associated tooth, the
most characteristic sign, namely the adjacent root of
a devital tooth, is missing. Differential diagnosis in
relation to other cystic lesions may be difficult, partic-
ularly because the morphology of the epithelium varies
depending on the degree of inflammation.

The dentigerous cyst is the most second-frequent cystic
lesion of the jaws which usually encloses the crown of
an unerupted tooth and is attached to its neck (2). It
develops by pericoronal or intraepithelial accumulation
of fluid spawned by the reduced enamel epithelium and is
most often found in relation to the mandibular third
molar (1). Histologically, the cystic wall is composed of a
thin layer of connective tissue lined by two or three
epithelial cell layers. The odontogenic keratocyst arises
mainly posterior to the mandibular third molar and is
characterized by a thin fibrous capsule and a lining of
keratinized stratified squamous epithelium usually about
five to eight cells in thickness. A keratocyst may envelop
an adjacent unerupted tooth and sometimes a tooth may
erupt into the cavity of a keratocyst. Such cases may be
erroneously diagnosed as dentigerous cysts with kerati-
nized lining. In contrast to radicular or dentigerous cysts,
odontogenic keratocysts have a marked tendency to
recur because of epithelial islands within the adjacent
connective tissue or even separate daughter cysts (1, 3, 4).

There have been many attempts to confirm differential
diagnosis by methods exceeding clinical examination,
radiography, and histomorphology (3, 4) including
determination of cytokeratin (CK) expression (5–18),
but the variability of the results from different laborat-
ories suggests the need for further refinement and
standardization of the methodology (19). CKs are
a-type fibrous polypeptides with molecular masses
ranging from 40 to 68 kDa and are generally held to
belong to the most fundamental markers of epithelial
differentiation. In various human epithelia 20 distinct
CK polypeptides have been revealed which can be
divided into an acidic and a neutral-basic type subfamily
(20). In the present immunohistochemical study, a panel
of seven monoclonal antibodies was used to characterize
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specific patterns of CK expression and localization. In
addition, the proliferating activity was measured by
Ki-67 detection.

Materials and methods

Thirty cases of dentigerous and radicular cysts respect-
ively as well as 15 cases of odontogenic keratocysts were
included. The individual diagnoses were carefully recon-
sidered by consensual interdisciplinary examination of
clinical characteristics, radiographic features, and histo-
morphologic signs after routine staining with hematoxy-
lin and eosin in each case. At operation, the youngest
patient was 11 years and the oldest was 78 years of age,
with a mean value of 38.2 years. Forty-seven patients
were male and 28 female. Dentigerous cysts came from
the mandible in 21 cases and from the maxilla in nine
cases, mainly associated with the third molars. Radicu-
lar cysts were localized to the lower jaw in 13 and to the
upper jaw in 17 cases. Half of these cases were found in
the molar region, while the others were distributed over
premolars, canines and incisors. Ten of the 15 odonto-
genic keratocysts included in this study were restricted
to the mandibular angle. None of the patients was
affected by a basal cell nevus syndrome (21).

Expression of CK 5/6, 7, 10, 13, 17, 19, 20 and Ki-67
was determined immunohistochemically using a stand-
ard biotin–streptavidin method. In brief, all of the cystic
specimens had been routinely fixed in a solution of 4%
formaldehyde in phosphate-buffered saline (PBS) at pH
7.6 and embedded in paraffin. Histologic sections were
cut at 4 lm and mounted on poly-L-lysine-coated slides.
Following dewaxing and rehydration, antigen retrieval
was performed by heating in a microwave oven for
2 · 8 min at 600 W in a 10 mM aqueous citrate buffer
at pH 6.0 under continuous equilibration of evaporated
water. Primary monoclonal antibodies were obtained
from DakoCytomation (Glostrup, Denmark) with the
exception of anti-CK 19 antibody which was purchased
from Sigma (St Louis, MO, USA). Clones, references,
and dilutions are given in Table 1. In addition, negative
controls, where the primary antibody was omitted, as
well as controls with negative control mouse IgG1 (X
0931, clone DAK-GO1, dilution 1:100), IgG2a (X 0943,
clone DAK-GO5, dilution 1:20), and IgG2b (X 0944,
clone DAK-GO9, dilution 1:20, all from DakoCyto-
mation) were used in order to demonstrate that the
antibodies do not bind unspecifically to the tissue

sections. For detection of CK 10, 13, 17, and Ki-67 the
primary antibodies were diluted in PBS at pH 7.6 and
the slides incubated for 1 h at 37�C. Incubation of
the secondary biotinylated rabbit-antimouse antibody
(DakoCytomation) at 37�C and the biotin–streptavidin
complex conjugated with alkaline phosphatase (Dako-
Cytomation) at room temperature followed for 30 min
respectively. New Fuchsine was used as chromogen and
Mayers haemalum for counterstaining. Finally, the
slides were covered with Kaisers’ glycerin gelatin and
mounted with coverslips. For detection of CK 5/6, 7, 19,
and 20 a TechMateTM 500, Automated Immunostainer
with a ChemMateTM, Peroxidase/DAB, Rabbit/Mouse
Detection Kit (Dako) was used exactly following the
instructions of the supplier (22).

Evaluation of the slides was performed by light
microscopy at a 100- and 250-fold magnification.
Assessing the expression of CKs determined in this
study, those cases were classified as positive which
showed positive cytoplasmic staining in more than 10%
of the epithelial cells, whereas the others were defined as
negative. In addition, the epithelial layers predomin-
antly containing the positive cells were noted. For
estimation of the proliferation activity, Ki-67-positive
cell nuclei were counted in 10 randomly chosen visual
fields of the cystic epithelium at a 400-fold magnification
in each case. Statistical analysis was calculated with
STATISTICA 6.1 data analysis software system (StatSoft,
Tulsa, OK, USA) using Yates corrected chi-square test.
A probability level of <0.05 was regarded as statisti-
cally significant.

Results

CK 5/6 could be detected immunohistochemically in
nearly all of the specimens included in this study
independently of the relation to separate entities
(Fig. 1). Only one of 30 dentigerous cysts and one of
15 odontogenic keratocysts were negative, whereas all of
the others including the whole of the radicular cysts
were positive without limitation of the staining to one or
more particular cell layers.

CK 7 was discernible in only 12 of 30 radicular cysts
and positive staining was restricted to the suprabasal
and in three of 12 cases even to the superficial cell layers
(Fig. 2a). In contrast, dentigerous cysts showed a
positive staining in 23 of 30 cases (Fig. 2b). This
represents a statistically significant difference between

Table 1 Clones, references, and dilutions of the primary antibodies used for immunohistochemistry

Primary antibody Clone Isotype Reference Dilution

Monoclonal mouse antihuman cytokeratin 5/6 D5/16 B4 IgG1, j (24) 1:200
Monoclonal mouse antihuman cytokeratin 7 OV-TL 12/30 IgG1, j (26) 1:800
Monoclonal mouse antihuman cytokeratin 10 DE-K10 IgG1, j (28) 1:100
Monoclonal mouse antihuman cytokeratin 10/13 DE-K13 IgG2a, j (30) 1:100
Monoclonal mouse anticytokeratin 17 E3 IgG2b, j (32) 1:20
Monoclonal anticytokeratin peptide 19 A53-B/A2 IgG2a, j (34) 1:20
Monoclonal mouse antihuman cytokeratin 20 Ks 20.8 IgG2a, j (36) 1:200
Monoclonal mouse antihuman Ki-67 antigen MIB-1 IgG1, j (37) 1:60
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radicular and dentigerous cysts at a probability level of
<0.01 (Fig. 1). However, staining pattern was similar to
that of the radicular cysts with limitation of the positive
cells to the suprabasal (20 of 23 cases) and superficial
(three of 23 cases) layers. Odontogenic keratocysts were
positive in nine of 15 cases and, once more, the basal
layer was left blank in each case.

Only three of 30 radicular and nine of 30 dentigerous
cysts showed a superficial expression of CK 10, while the
others were completely negative (Fig. 3a). Odontogenic
keratocysts were positive in seven of 15 cases and
positive staining was visible in all of the suprabasal cell
layers (Fig. 3b). Thus, a significant CK 10 was more
frequently observed in keratocysts than in radicular
cysts (P < 0.02; Fig. 1).

The distribution of the CK 13 expression was com-
parable to that of CK 5/6 with positive staining in nearly
all of the cell layers in 30 of 30 radicular cysts, 26 of 30
dentigerous cysts and 12 of 15 odontogenic keratocysts
(Fig. 1). A superficial staining was discernible in only
five of 75 lesions at all.

Strong expression of CK 17 was evident in 14 of 15
odontogenic keratocysts with extension over the entire
cystic epithelium (Fig. 4c). In contrast, a positive
staining was discernible in only 12 of 30 radicular and
nine of 30 dentigerous cysts. Moreover, in these cases
staining appeared to be notably weaker and was
restricted to isolated cell layers (Fig. 4a,b). However,
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CK 5/6 CK 7 CK 10 CK 13 CK 17 CK 19

radicular cysts
dentigerous cysts
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P < 0.01       P < 0.02                 P < 0.001  P < 0.002

Figure 1 Percentage share of positive results in immunhistochemical
staining against cytokeratins (CK) 5/6, 7, 10, 13, 17, and 19 detected in
different entities of odontogenic cysts. Significant differences are
indicated by probability levels.

Figure 2 Lack of cytokeratin 7 expression in a radicular cyst (a) and positive superficial staining in a dentigerous cyst (b; original magnification
·100; chromogen: DAB).

Figure 3 Negative immunohistochemical staining against cytokeratin 10 in the epithelium of a radicular cyst (a) and a positive result in the
suprabasal layers of an odontogenic keratocyst (b; original magnification ·250 in �a’, ·100 in �b’; chromogen: New Fuchsine).
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even taking no account of this latter issue, there was a
significant difference between odontogenic keratocysts
on the one and radicular as well as dentigerous cysts on
the other hand, at a probability level of <0.001 (Fig. 1).

Radicular cysts showed a positive staining for CK 19
mainly in the suprabasal cell layers in 14 of 30 cases
(Fig. 5a) and dentigerous cysts were positive in half of
the cases (15 of 30) with limited superficial expression

in eight of 15 cases (Fig. 5b), whereas odontogenic
keratocyst were completely negative (Fig. 5c). Thus,
odontogenic keratocysts significantly differed from radi-
cular as well as dentigerous cysts in CK 19 expression
(P < 0.002; Fig. 1).

Summarizing CK 17 and 19 expressions, 14 of 15
odontogenic keratocysts (93.3%) were positive for CK
17 and negative for CK 19 (Table 2). In contrast, this

Figure 4 Weak expression of cytokeratin 17 in a radicular cyst (a)
and dentigerous cyst (b). Stronger staining in an odontogenic
keratocyst (c; original magnification ·100 in �a’ and �b’, ·250 in �c’;
chromogen: New Fuchsine).

Figure 5 Positive suprabasal immunohistochemical staining against
cytokeratin 19 in a radicular cyst (a) and dentigerous cyst (b). A
negative result in an odontogenic keratocyst (c; original magnification
·100 in �a’ and �c’, ·250 in �b’; chromogen: DAB).
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immunohistochemical-staining pattern was found in
only eight of 30 radicular cysts (26.7%) and two of 30
dentigerous cysts (6.7%). Positive CK 20 expression
could not be demonstrated in the epithelium of any
cystic lesion analyzed in this study.
Ki-67 was found in only 24 of 30 dentigerous cysts

with 14.7 positive cell nuclei on average within 10 visual
fields at a 400-fold magnification. Immunohistochemical
detection of Ki-67 was more often positive in 25 of 30
radicular cysts with a mean value of 21.3 cell nuclei.
Positive staining was mainly limited to the basal cell
layers with a few solitary suprabasal cells concerning
both entities. In contrast, detection of Ki-67 was
positive in all of the odontogenic keratocysts under
study with a mean value of 52.1 cell nuclei and most of
the Ki-67-positive cells were found in the parabasal
layers.

Discussion

Although dentigerous cysts and odontogenic keratocysts
both arise from odontogenic epithelium and may have
a similar radiographic and histologic appearance, their
behavior in terms of recurrence is sufficiently different to
warrant a distinct treatment and follow up. Differences
in expression of CKs may allow a given epithelium to be
characterized by a specific pattern of its CK compo-
nents.
The CK 5 and 6 are both high-molecular weight, basic

types of CKs which are produced by normal mammary
epithelial cells, whereas tumor cells mainly produce CK
8, 18, and 19 (23). CK 5 is generally co-expressed with
CK 14 by the basal cells of stratified squamous epithelia,
whereas the different CK 6 isoforms were found in the
suprabasal layers of proliferating complex epithelia in
association with CK 16. Simple epithelia and non-
epithelial cells, generally, are not labeled by the antibody
used in this study (24). Nearly all odontogenic cysts
under study turned out to be positive independently of
their entities, which is in agreement with previous
studies (8, 11, 18).
The CK 7 belongs to the neutral-basic type subfamily

and its distribution is confined to simple non-keratiniz-
ing glandular and transitional epithelia (25). The anti-
body OV-TL 12/30 consistently labels a large number of
simple, complex, and transitional epithelia in addition
to ovarian mesothelium, luminal, and basal cells of the

prostate, and myoepithelial cells (26). Other non-epithe-
lial tissues, such as connective tissue, blood vessels, and
lymphoid tissue, are negative with this antibody. Previ-
ous results concerning odontogenic cysts with different
antibodies are contradictory. In one study all layers of
odontogenic keratocysts as well as dentigerous and
radicular cysts have been shown to be positive with an
antibody reacting with CK 7, 17, and 19 (5), whereas in
another paper with an antibody specific for CK 7, apart
from isolated positive cells in a few lesions, only one of
25 radicular cysts was positive (7). More recent studies
have revealed results comparable with ours, namely a
part of 37% positive radicular cysts, 59% positive
dentigerous cysts, and 29% positive odontogenic kera-
tocysts (12) or 70% positive dentigerous cysts and 21%
positive odontogenic keratocysts (18). However, in this
study the antibody OV-TL 12/30 was able to discri-
minate between radicular and dentigerous cysts at a
probability level of <0.01.

The CK 10 is an intermediate-sized, acidic type CK
and expressed in all suprabasal cells of the terminally
differentiated epidermis simultaneously with CK 1, but
is absent in basal cells. Together, CK 1 and 10 represent
some of the first markers of epidermal differentiation
(27). CK 10 has been implicated as marker for more
differentiated cells in squamous cell carcinomas. The
antibody DE-K10 labels all suprabasal layers of the
epidermis, thymic Hassal’s bodies and a variable
amount of cells in some non-cornyfing stratified epithe-
lia including vagina, ectocervix, and tongue (28). All
simple and glandular epithelia and transitional epithe-
lium of urinary bladder and urethra are not labeled by
the antibody. As a marker of keratinized epithelium it
was primarily found in about half of the odontogenic
keratocysts under study. In dentigerous cysts with a
share of 30% and particularly radicular cysts with 10%
it was found less frequently. This difference between
odontogenic keratocysts and radicular cysts was statis-
tically significant at a probability level of <0.02. While
in one preceding study CK 10 could only be detected in
some dentigerous cysts with an antibody labeling CK 1,
9, 10, and 11 (5), a superficial positive result was also
found specifically in odontogenic keratocysts in many
other investigations (6–8, 11, 13, 17, 18). Interestingly,
this expression is not stable as some odontogenic
keratocysts seem to dedifferentiate and lose the CK 10
expression after decompression (29).

The antibody, used for detection of CK 13 in this
study, in principle reacts with both CK intermediate
filament proteins 10 and 13. Nevertheless, on formalin-
fixed, paraffin-embedded tissue sections the antibody
recognizes only CK 13 (30), an acidic type CK that is
present in suprabasal layers of non-cornifying stratified
epithelia (31). No staining of CK 10-positive epithelia is
seen in formalin-fixed, paraffin-embedded material. Like
in other studies, CK 13 could be detected in the
suprabasal cell layers of nearly all examined odonto-
genic cysts (5–8, 11, 14, 17, 18).

The CK 17 is a member of the acidic type subfamily,
and its distribution is confined to basal and myo-
epithelial cells of a group of complex epithelia and

Table 2 Detection of cytokeratin (CK) 17 and 19 in different cystic
odontogenic lesions

Lesion CK 17) CK 17+

Radicular cysts
CK 19) 8 8

CK 19+ 10 4
Dentigerous cysts
CK 19) 13 2

CK 19+ 8 7
Odontogenic keratocysts
CK 19) 1 14

CK 19+ 0 0
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transitional epithelium as well as to the outer root sheet
of hair folliculi. The antibody E3 labels the basal row of
pseudostratified epithelium in the larynx, trachea, and
bronchi, and the basal cell layer of the transitional
epithelium in the urinary bladder (32). Additionally, it
labels the myoepithelial cells in several tissues, including
the salivary, sweat, and prostate glands, and the
intralobular and, particularly, the extralobular zone in
the breast. Suprabasal cells in bronchi and bronchioles
are also reported positive with the antibody. In addition,
the outer root sheet of hair folliculi stains positively with
the antibody, as do endocervical columnar cells. Normal
squamous stratified epithelia of epidermis, exocervix,
and larynx, as well as all simple epithelia, are negative.
The positive labeling of nearly all odontogenic kerato-
cysts and only about one-thirds of the dentigerous cysts
is in agreement with one preceding study (14). The only
previous study examining CK 17 in radicular cysts
utilized an antibody specific for CK 7, 17, and 19
resulting in a strong staining of all layers of all
odontogenic cysts under study (5). Using the E3
antibody, it was possible to differentiate between odon-
togenic keratocysts on the one and radicular as well as
dentigerous cysts on the other hand, with a probability
level of <0.001.

The CK 19 is the smallest known acidic type CK and
differentially expressed in various human tissues without
association with a basic CK (33). CK 19 can be detected
in simple epithelia and basal cells of non-cornifying
stratified squamous epithelia. The antibody used in this
study reacts with the rod domain of human CK peptide
19 and may be used in formalin-fixed or Carnoy-fixed,
paraffin-embedded tissue as well as on frozen sections of
human tissue. It is a useful tool in discriminating
carcinomas from tumors of different origin and for
carcinoma subtyping using immunoblotting or immuno-
cytochemical techniques. The antibody has also been
shown to be a marker of pre-malignant lesions of the
oral epithelium (34). Whereas in most previous studies
all layers of all odontogenic cysts under study tended to
be positive (5–8, 11, 18), in a more recent study the
results were similar to ours with a completely absent
staining in odontogenic keratocysts and a share of 68%
positive radicular and 71% positive dentigerous cysts
(12). These results open up new possibilities to distin-
guish odontogenic keratocysts from radicular and den-
tigerous cysts at a probability level of <0.002.

The CK 20 is an integral, less acidic intermediate
filament component and a major cytoskeletal keratin of
the intestinal epithelium (35). CK 20 positivity has been
reported in the vast majority of adenocarcinomas of the
colon, mucinous ovarian tumors, transitional cell, and
Merkel cell carcinomas, and frequently also in adenocar-
cinomas of the stomach, bile system, and pancreas. The
antibody Ks 20.8 labels normal urothelium and the
mature epithelium lining the villi of duodenal mucosa.
CK 20 immunoreactivity has not been detected in a
number of non-epithelial tissues tested, such as smooth
muscle, blood vessel walls, lymph nodes, and tumor
stroma (36). In agreement with a previous study all speci-
mens of odontogenic cysts were completely negative (12).

In conclusion, apart from an enhanced proliferating
activity determined by the MIB-1 antibody, odontogenic
keratocysts seem to differ from radicular and dentiger-
ous cysts in the expression pattern of individual CKs.
The increased level of CK 10 expression is perhaps not
stable particularly after decompression of the cysts (29).
However, the results of the present study suggest the
immunohistochemical determination of CK 17 and 19 to
be a valuable additional parameter making a decision
between odontogenic keratocysts and other odontogenic
cysts which clinically is likely the most significant
differential diagnosis in this context.
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