
Introduction

Odontogenic keratocysts (OKC) are one of the com-
monest bone-destroying lesions of the maxillofacial skele-
ton. The aggressive behaviour and high recurrence rate of
OKC suggests neoplastic potential and promted the World
Health Organization Working Group to classify a OKC as
a benign tumour with odontogenic epithelium (1, 3, 4, 23).
However, there are some controversies regarding the nature
of the odontogenic keratocyst. Contrary to this, the radicu-
lar cysts are a result of inflammatory processes in the peri-
apical tissues associated with necrotic and infected pulps
(24). Humoral and cellular immune responses play a role in
the pathogenesis of inflammation as well as in cancer.
Based on pleiotropic effects of TNF, it is very interesting to
compare data betwen these two types on lesions in the ma-
xilofacial region.

Tumour necrosis factor-α (TNF-α) is a cytokine initial-
ly identified as a cause of hemorrhagic necrosis in certain
tumors (12, 13). It is secreted by macrophages, monocytes
and NK cells and many other cell types and it exists in two
forms. The biological actions of TNF-α was mediated after
binding to its specific cell surface receptors, belonging to
the TNF receptor superfamily (14). TNF-α mostly triggers
apoptosis and necrosis in sensitive tissues and has been
linked to osteomyelitis and apical periodontitis, but it can
also participate, in skeletal homeostasis, including osteo-

clastic formation, and bone resorption in the maxillofacial
region. TNF-α, among other cytokines, can regulate fibro-
blast activity and collagen formation through modulation
of collagenase activity (5, 7, 22, 26). In addition, TNF-α
can induce low dose proliferation of several cells and can
be one of the reasons for tumour growth (13, 14).

Although there is a significant amount of data about
TNF-α expression in radicular cyst and OKC (6, 16, 19).
Comparison of the TNF-α between radicular cyst and OKC
has not be investigated previously. Based on multiple pro-in-
flammatory effects of TNF-α, the aims of this study was to
analyze its concentration in these two cystic types re-
garding clinical symptoms, cystic volume, inflammatory
processes, and the presence of cystic wall thickness and
vascularisation based on radiographic and on histological
examinations as well.

Material and methods

Patients

Forty-three radicular cysts and fifteen odontogenic ke-
ratocysts were obtained from patients undergoing surgery
at the Oral Surgery Department, University of Belgrade,
School of Dentistry. The cysts were surgically enucleated
under local anesthesia. The mucoperiostal flap was raised,
and, if necessary, a bur was used to remove bone under ir-
rigation with sterile saline solution, avoiding injury to the
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cystic wall. The cystic fluid was aspirated from non-rup-
tured cysts (any samples contaminated with blood were ex-
cluded), then immediately centrifuged (3000 RPM for 20
minutes) to remove cells, and the supernatant was stored at
-70 °C until used for assays. After the enucleation, one sec-
tion of cystic wall was taken for histopathological evalua-
tion. The final diagnosis of the cysts was confirmed on the
basis of clinical, radiographic, and histological examina-
tions. The size of the cysts was calculated as the mean va-
lues of the largest dimension (line a) on radiography and
the dimension perpendicular to it (line b) using the formula
(a+b)/2. Cysts were divided into the following groups with
mean sizes below 2 cm, from 2 to 3 cm and over 3 cm. The
patients had no history of infection in the cystic lesions and
they had not taken antibiotics or long-term anti-inflam-
matory medications during the preceding 2 months. No
orocystic communications were clinically detected before
surgery. The local human ethics committee approved the
study protocol. After receiving information about the cha-
racter and purpose of the study, the subjects gave written
consent for participation.

Determination of TNF-αα
The concentrations of TNF-α in the cystic fluids were

measured by ELISA, obtained from Diaclone, Besancon,
France, according to the manufacturer’s recommended pro-
tocol. The concentrations of TNF-α in the samples were
mathematically calculated from the standard curve ob-
tained from different dilutions of known concentrations of
rh TNF-α in the original assay. Detection was in the range
of 15.6 to 1000 pg/ml. Absorbance was measured with
a microplate reader at 450 nm (Berhringer EL 311, Ger-
many).

Determination of proteins

Proteins were determined semiquantitatively and results
were expressed as a level of opalescence (low, intermediate
and high).

Histomorphometric study

The material used in this study consisted of peri-cystic
biopsy tissues. The tissues were removed under local anes-
thesia during routine cyst surgery and immediately fixed in
10 % neutral buffer formalin at room temperature. The tis-
sue blocks were sliced into 3 μm thick section for routine
histological examinations after staining with hematoxylin
and eosin (H&E). A minimum of three sections in each
sample was used to assess the presence of the inflammato-
ry cells, the degree of vascularisation and the degree of epi-
thelial proliferation. Briefly, each specimen was graded at
400 x magnification as: grade I (slight) less then 10 in-
flammatory cells per field; grade II (moderately inflamed),
10–50 inflammatory cells per field, and grade III (highly in-
flamed) more then 50 inflammatory cells per field.
Grading of each specimen was based on the average in-
flammatory cell number in three consecutive microscopic

fields starting from the epithelial-connective tissue border
and proceeding gradually deeper into the lamina propria.
The degree of vascularisation was characterized as low (be-
low 10 blood vessels/mm2), as moderate (11 to 15 blood
vessels/mm2) and as high (over 15 blood vessels/mm2). The
degree of epithelial proliferation in the cyst walls was ana-
lyzed in respect to the number of the epithelial layer cells
and described as low, moderate and high. Cyst wall thick-
ness was described as thick (over 1.5 mm) and non thick
(below 1.5 mm) based on histological findings presenting
on more then 2/3 sections.

Statistical analysis

A statistical significance between observed parameters
analyzed in the study was calculated by Mann-Whitney
U-test and ANOVA using Excel and SPS software for win-
dows 2000 on Compaq computer (Evo 170, USA).

Results

This investigation demonstrated the presence of TNF-α
in all cysts (Fig. 1b). However, significant higher concent-
rations of TNF-α were found in radicular cysts (99.3+/-27.3
pg/ml of cystic fluid) in comparison to odontogenic kera-
tocysts (29.2 +/-1.5 pg/ml, Mann Whitney U-test, p< 0.05).
When we analyzed TNF-α in respect to the cystic volume,
different results were obtained. Higher values of TNF-α
were associated with smaller radicular cysts (Fig. 2a) while
keratocysts (Fig. 2b) did not show any changes in relation
to the cystic volume. The influence of protein concentrati-
on in the cystic fluid analyzed at the level of cystic opales-
cence showed that radicular cysts (Fig. 3a), containing
higher protein concentration and higher opalescence, have
a higher TNF-α concentration, while this parameter does
not show any influence in keratocysts (Fig. 3b). We further
investigated the role of cyst walls on TNF-α concentration.

Tab. 1: Cyst characteristics.
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Cyst Radicular Odontogenic
type cyst keratocyst
Cyst number 43 15
Thick wall 77.77 % 30 %
Non thick wall 22.33 % 70 %
Degree of inflammation

Slight 7.00 % 56.33 %
Moderate 18.60 % 36.33 %
Pronounced 74.40 % 7.33 %

Degree of vascularisation
Low 8.33 % 61 %
Intermediate 22.22 % 23 %
High 69.45 % 16 %

Degree of epithelial 
proliferation

Low 21.10 % 20 %
Moderate 37.20 % 46.70 %
High 41.70 % 33.30 %
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Fig. 1: Mean values of TNF-α concentration in radicular cysts (n=43) was significantly higher in comparison to kerato-
cysts (n=15) (Mann-Whitney U-test, p<0.05).

Fig. 2: TNF-α concentration depending on cystic volume in radicular cysts (A) and keratocysts (B).

A B

Fig. 3: TNF-α concentration was significantly increased depending on the degree of fluid opalescence in radicular cysts
(A). No correlation was found in keratocysts (Mann-Whitney U-test, p>0.05) (B).

Fig. 4: TNF-α concentration was significantly higher in radicular cysts with thick walls in comparison with non-thick walls
(Mann-Whitney U-test, p<0.05). There is no statistical difference in keratocysts (Mann-Whitney U-test, p>0.05).

A B
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Fig. 5: The individual values of TNF-α concentration in cyst fluid in respect to the number of inflammatory cells presen-
ting in cyst walls on radicular cysts (A) and keratocysts (B). TNF-α was significantly incresed in radicular cysts with pro-
nounced presence of inflammatory cells in comparison with slightl (Mann-Whitney U-test, p<0.05). No correlation was
found in keratocysts based on these criteria (Mann-Whitney U-test, p>0.05). ANOVA shows a significant difference bet-
ween these two cyst types (p<0.05).

Fig. 6: Concentration of TNF-α in respect to the degree of epithelial proliferation. Open bar reflects low, grey reflects mo-
derate and shaded bars reflect high epithelial hyperplasia. There is no significant difference regarding these parameters
(ANOVA, p>0.05).

Fig. 7: TNF-α concentration in cystic fluid in respect to the degree of vascularization. Open bar reflects low (below 10
blood vessels/mm2), grey bars moderate (11 to 15 blood vessels/mm2) and dark bars high vascularization (over 15 blood
vessels/mm2). Significant difference exists between low and high vascularization in radicular cysts (Mann-Whitney U-test,
p<0.05).

A B

Radicular cysts with thick cystic walls have significant hig-
her values (Mann Whitney U-test, p<0.05) of TNF-α (88+/-
12 pg/ml) in comparison to non-thick cystic walls (29.5
+/-9 pg/ml). Further, we estimated the role of cystic walls
on the production of TNF-α in respect to the presence of
inflammatory cells, the degree of epithelial proliferation
and the degree of vascularisation on histological H&E sec-
tion. TNF-α significantly increases in cysts with a higher
degree of cell infiltration (Mann-Whitney U-test, p<0.05) in
comparison to slighty (Fig. 5a). Also TNF-α positively cor-

related with higher vessel count in the cystic wall (Fig. 7)
of radicular cysts (Mann-Whitney U-test, p<0.05). How-
ever, the number of inflammatory cells rather than epithe-
lial characteristics in raducular cysts (Fig. 5a, 6a) showed
a stronger association with increased TNF-α (ANOVA,
p<0.05). Contrary to this, all keratocysts have a similar con-
centration of TNF–α irrespective of the cystic wall (Fig. 4),
the number of inflamed cells the epithelium proliferation
(Fig. 6b), and presence of vascularisation (Fig. 7) having
been analyzed histologically.



Discussion

The role of cytokines in inflammation and bone remo-
deling has been extensively investigated during the last de-
cade (5, 7, 22, 26). Previous literature data indicated that
TNF-α among other cytokines, can be closely associated
with ethiopathogenesis of radicular cysts (6, 16, 19). Our
investigation gives new results by showing a different con-
centration of TNF-α in cystic fluid between two cyst types
in the maxillofacial skeleton. These data reflect the ethio-
pathology of radicular cysts as inflammatory and shaw that
there are results in infection and necrosis of the dental
pulps in carious teeth and cystic tissue (15). The growth of
radicular cysts is accompanied by local bone destruction,
tissue osteolysis and accumulation of different cells in the
cystic epithelium. During this dynamic inflammatory pro-
cess, TNF-α was accumulated in the cystic fluid. In vitro
studies showed that polymorphonuclear leukocytes isolated
and cultured from chronically inflamed sites of bone re-
sorption can produce inflammatory cytokines, such as
TNF-α (2).

We here for first times report that TNF-α is more accu-
mulated in radicular cysts than in keratocysts. The smaller
cysts contained a higher concentration of TNF-α, indi-
cating that these cytokines are actively secreted into the
cystic fluid. Furtheremore, we investigatated the role of the
cystic epithelium on the amount of the released TNF-α into
the cystic fluid in these two cystic types. Some studies ba-
sed on cell culture system or histopathology examination,
have indicated a significant role of TNF-α in inflammation,
periapical exudates, bone resorption and other periodontal
disease, explaining the mechanism of these processes.
Based on the consideration that radicular cysts contained
a highly significant number of inflammatory cells, inclu-
ding leukocyte, macrophages, CD3+, and CD8+cells (8,
21) as well as inflammatory cytokines, chemotactic cytoki-
ne and other mediators in different levels (2, 8, 10, 20, 21),
we can explain our results.

We here correlate TNF-α concentration not only de-
pending on cysts wall thickness but also on the number of
proinflammatory cells in the cyst wall, the degree of vascu-
larisation/mm2 and other epithelium characteristics on the
histology section. The histomorphometric analyses in this
study showed that the majority, i.e 35 (77 %), of all 43 ra-
dicular cysts have a thick wall, contrary to only 5 (30 %)
odontogenic keratocysts from all the 15 examined, indica-
ting that different cyst walls exist in these two cyst types.
These findings are in correlation with futher results con-
cerning enumeration of inflammatory cells in cyst walls, in-
dicating that from all investigated radicular cysts, the
majority (74.4 %) have a pronounced acount of infiltrated
cells in cyst wells, contrary to keratocyst, which usually
have slight infiltration (53.3 %). Both of these findings were
closely associated with the amount of produced TNF-α and
can be a major reason for the increase of TNF-α in radi-
cular cysts. Only activated macrophages in comparison to

other cell subsets, including fibroblasts also presenting in
inflammatory cyst walls, are a major source of TNF-α. It
has been reported previously that epithelial cells after in
vitro exposure to TNF-α produced many other cytokines,
like GM-CSF, which have an additional role in inflamma-
tion, cell adhesion and cyst formation. These produced cy-
tokines might be inducible rather than constitutive, when
epithelial cells receive various kinds of stimulation, which
is the situation in radicular cysts (20, 25). In addition,
TNF-α can act as a pro-inflammatory cytokine and sti-
mulate bone resorption (9, 19). Slight infiltration with
macrophages and no strong evidence of inflammation in
odontogenic keratocysts can be a reason for moderate pro-
duction and accumulation of TNF-α in the cysts found in
our study.

OKC were previously histologically characterized by
para or ortho-keratinized stratified squamosus epithelial
lining with a high proliferatition activity with a tendency to
recur (10, 20). Today the Word Health Organization has
classified OKC as a benign tumour with odontogenic epi-
thelium and mature fibrous stroma without odontogenic
ectomesenchyme (3). Some authors belive that genetic al-
teration, including loss of heterozygosity of the tumour
suppresor genes, support the OKC neoplastic nature (1, 4).
Some clinical studies challenged this concept by de-
monstrating a good response to conservative approaches.
A regression of calcifying odontogenic cysts, as benign
odontogenic neoplasm, by marsupialization, was achieved
(23). Imunohistochemistry studies show that IL-1 between
other cytokines has a significant role in OKC, and extensive
expression of IL-1 was detected in endothelial cells and
fibroblast, especially in subepithelial layers. Intracystic
fluid from these cysts contained a higher concentration of
IL-1 in comparison to IL-6 and TNF-α, which are very low
(18). We also found lower values of TNF-α in OKC in com-
parion to radicular cysts.

One reason for the difference in cytokines can be the
consequence of the diverse sensitivity of assays. We here
simultaneously determined the concentration of TNF–α in
two cyst types. Based on the identical clinical and histo-
logical diagnosis, we found a difference in these two cyst
types. These clinical findings agree with previous investiga-
tions based on the molecular level showing that expression
of mRNA by in situ hibridization for several proinflam-
matory cytokines have a varying degree of keratocytes,
macrophages and fibroblast. Macrophages showed clear ex-
pression of mRNA for TNF-α and other cytokines in com-
parison to keratinocytes and gingival fibroblasts, which in
partocular showed a lesser frequency of TNF-α. (11).

As angiogenesis is an essential part of a variety of
physiological and pathological processes, including inflam-
mation and tumour progression and based on the conside-
ration that these processes are controlled by numerous
bioactive molecules, including TNF-α (25), we further esti-
mated an association between the production of TNF-α
and the degree of vascularisation in pericysts tissues. Based
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on this criteria we also founded that radicular cysts, which
have more blood vessels per mm2 in comparison to kerato-
cysts, exhibit a significant correlation with increase in the
concentration of TNF-α.

Together, these results show the difference between the-
se two cystic types in the maxillofacial region based on se-
veral clinical parameters, including cyst size, protein
concentration and the degree of opalescence of the cystic
fluid, as well as on histological findings based on analyses
of cystic wall thickness, the number of presenting inflam-
matory cells and the degree of vascularization in cyst walls.
We believe that determining these cytokines simultaneously
with other well established parameters can help for better
clinical diagnoses.
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