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Abstract The objective of the present study was to
evaluate vascular endothelial growth factor (VEGF) ex-
pression in different types of odontogenic cysts. A total of
25 parakeratotic odontogenic keratocysts (POKCs), 16
orthokeratotic odontogenic keratocysts (OOKCs), and 28
follicular cysts (FCs) were evaluated semiquantitatively for
immunohistochemical analysis of VEGF in epithelial cells,
endothelial cells of blood vessels, inflammatory cells and
focally stromal cells. A significant different expression of
VEGF in all cell components was found in keratocysts

compared to FCs. The POKCs (80%) and OOKCs (68%)
showed more than 50% VEGF positive epithelial cells,
whereas the majority of FCs (71%) were either negative in
the epithelium or showed less than 10% positive cells.
Similarly, the POKCs (88%) and OOKCs (68%) showed
more than 50% positive endothelial cells, whereas the FCs
(75%) were either negative or showed less than 10% VEGF
positive endothelial cells. The highest percentage of cases
with score 2 positivity in the stromal cells was observed in
POKCs (68%); OOKCs showed a score 2 positivity in
44%, score 1 in 31% and score 0 in 25%, whereas 68% of
FCs showed a score 0, 25% a score 1 and only 7% of cases
showed a score 2. No statistically significant differences
were observed between POKCs and OOKCs in VEGF
expression in the epithelial and endothelial cells, whereas
the positivity score in stromal cells was significantly higher
in POKCs compared to OOKCs. The present results can
support the hypothesis that angiogenesis is an active
mechanism in the invasive growth of the OKC.

Keywords Odontogenic cysts . Angiogenesis . VEGF.

Immunohistochemistry

Introduction

Odontogenic keratocysts (OKC) have a characteristic
microscopic appearance [1, 2]. The epithelium of the
OKC has been reported to show a higher rate of
proliferation than other cyst types; p53, PCNA and Ki-67
are expressed more strongly in OKC [1, 3–5]. The invasive
growth of OKC has been reported to be the result of an
altered pattern of expression of collagens and fibronectin at
the basement membrane [1, 6, 7]. OKC are clinically more
aggressive and tend to recur with greater frequency than the
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other cyst types [8–12]. Orthokeratotic OKC (OOKC) have
a different clinical behavior than parakeratotic OKC
(POKC) and are not associated with basal cell nevus
syndrome; thus, they probably represent a distinct clinico-
pathological entity [1, 3, 7, 13, 14]. Recently, WHO has
classified OKC as a keratocystic odontogenic tumor, i.e., a
benign uni- or multi-cystic, intraosseous tumor of odonto-
genic origin, with a characteristic lining of parakeratotic
stratified squamous epithelium and potential aggressive,
infiltrative behavior [15]. An evidence of the neoplastic
rather than developmental nature of OKC has been supplied
by the presence of allelic imbalance of tumor suppressor
genes in the majority of OKC [2, 16, 17]. One of the
mechanisms involved in the growth of jaw cysts could be
the formation of new vessels. One key mediator of
angiogenesis is vascular endothelial growth factor (VEGF)
[18–22]. VEGF is a multifunctional cytokine. It is overex-
pressed in several conditions, which are characterized by
vascular hyperpermeability and angiogenesis. VEGF is a
secreted homo-dimeric glycoprotein that stimulates prolif-
eration and migration of endothelial cells and enhances
vascular permeability [23].

The known members of the human VEGF family include
placental growth factor (PLGF), VEGF-A, VEGF-B, VEGF-
C, VEGF-D [also known as c-Fos-induced growth factor,
FIGF], and the viral VEGF-Es encoded by strains D1701,
NZ2, and NZ7 of the parapoxvirus Orf (which causes pustular
dermatitis) [24, 25]. Alternative splicing of the human
VEGF-A gene gives rise to at least six different transcripts,
encoding isoforms of the following lengths (in amino acids,
excluding the signal peptide): 121, 145, 165, 183, 189, and
206 [26]. The larger isoforms, VEGF-189 and VEGF-206,
remain cell-bound, whereas the smaller subtypes, VEGF-121
and VEGF-165, are efficiently secreted after production.
VEGF is normally produced by various tissues [23].

VEGF seems to control the differentiation of the inner
enamel epithelium to ameloblasts [27], seems to be
involved in the healing processes around dental implants
[28], is closely related to osteogenesis [29–38]. It seems to
be involved in bone resorption in periprosthetic osteolysis
of total hip replacement [39] and has been found to be
important in the progression of oral dysplasia and oral
squamous cell carcinoma [18] and of periodontitis [40].

The aim of the present study was an immunohistochem-
ical characterization of the expression of VEGF in the
various cell populations of different types of odontogenic
cysts.

Materials and methods

Tissue specimens were obtained from the archives of the
Institute of Pathologic Anatomy and Histopathology,

Fig. 1 POKCs with inflammatory cells. a Hematoxylin and eosin
staining. b VEGF expression in epithelial, endothelial, and inflamma-
tory cells. c Negative control for anti-VEGF-165 staining. (Original
magnification 200×)
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Polytechnic University of Marche, Ancona, Italy. All the
biopsies were fixed in formalin (10% neutral buffered
formalin) and paraffin-embedded. Pathologic description of
cysts and histological slides were retrieved from the
archives to evaluate morphologic parameters. The diagnosis
for all cysts was made on hematoxylin- and eosin-stained
sections and by comparing the histopathological data,
clinical history, and radiographic appearance.

A total of 28 follicular cysts (FCs) and 41 (16 orthoker-
atotic, 25 parakeratotic) odontogenic keratocysts (OKCs)
were evaluated. FCs were discovered during routine radio-
graphic examinations or in cases where the tooth had failed to
erupt; they were always associated with the crown of an

unerupted tooth. Radiographically, all FCs presented as a
well-defined multilocular radiolucency. All the FCs were
single lesions. The OKCs were presented as well-
circumscribed unilocular or multilocular radiolucencies with
distinct margins. Most of the patients were asymptomatic, and
only in a few cases pain and swelling were present. All OKCs
were primary non-syndromic (not part of the nevoid basal cell
carcinoma syndrome) and occurred as a single or multiple
lesion in otherwise healthy patients.

Immunohistochemistry

Immunohistochemical analysis was performed on 5-μm
paraffin-embedded tissue sections on poly-l-lysine-coated
glass slides. After heat-drying, sections were deparaffinized
in xylene and sequentially rehydrated in gradients of
ethanol, treated with TUF solution (Histo-line Laboratories,
Milan, Italy) at 90°C for 10 min better to unmask antigenic
sites, and, after three washes with H2O, they were
incubated overnight at 4°C with anti-VEGF-165 monoclo-
nal antibody (diluted at 1:200, Santa Cruz, CA). The
reaction was revealed using the streptavidin–biotin–perox-
idase technique; sections were incubated with 3,3’-diami-
nobenzidine (0.05 diaminobenzidine in 0.05 M Tris buffer,
pH 7.6, and 0.01% hydrogen peroxide) and counterstained
with Mayer’s hematoxylin. Positive controls were paraffin-
embedded sections from gastric carcinomas. Negative
controls were performed by substituting the primary
antibody with nonimmune serum (Fig. 1c).

VEGF expression was semiquantitatively evaluated,
calculating the percentage of VEGF-positive vessels,
epithelial cells, fibroblasts, and inflammatory cells in
ten representative fields by using a microscope at 250×
magnification. The cases were divided in the following
categories: score 0 (≤ 10% positive cells); score 1 (>
10% and <50% positive cells); score 2 (≥ 50% positive
cells).

Variables FC OOKC POKC

No. of cases 28 16 25

Age (mean) 40 (range 18–61) 29 (range 21–43) 23 (range 16–35)

Male 16 12 20

Female 9 4 5

Site

Maxillary 11 2 5

Mandibular 17 14 20

Size (cm) Range 1.5–2 Range 1–2.5 Range 1.5–3.8

Recurrences 0 1/16 4/25

Multiple 0 2/16 5/25

Table 1 Clinical features of the
cysts

Table 2 Distribution of VEGF expression scores in the various cell
populations

No. of Cases

Score 0 Score 1 Score 2

POKC

Epithelial cells 0 5 20 (4*)

Stromal cells 0 8 (1*) 17 (3*)

Endothelial cells 0 3 22 (4*)

Inflammatory cells 21 (3*) 1 3 (1*)

OOKC

Epithelial cells 0 5 (1*) 11

Stromal cells 4 5 (1*) 7

Endothelial cells 2 3 (1*) 11

Inflammatory cells 14 (1*) 1 1

FC

Epithelial cells 20 6 2

Stromal cells 19 7 2

Endothelial cells 21 3 4

Inflammatory cells 27 1 0

* Recurrent keratocysts
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Statistical analysis

Cases were analyzed based on the clinical and pathologic
parameters by SPSS statistical package (SPSS Inc., Chi-
cago). Differences in the distribution of VEGF expression
among groups and cell populations were compared using
the χ2 test. Significance was set at P<0.05.

Results

The clinical features of the cysts are summarized in Table 1.
The POKCs are lined by a regular parakeratotic stratified

squamous epithelium, usually about 5–8 cell layers thick
and without rete ridges. There is a well-defined, often
palisaded, basal layer of columnar or cuboidal cells. The
nuclei of the columnar basal cells tend to be oriented away
from the basement membrane and are often intensely
basophilic. The parakeratotic layers often have a corrugated
surface. Mitotic figures are found frequently in the supra-
basal layers (Fig. 1a).

A significant different expression of VEGF in all cell
components was found in OKCs compared to FCs (Table 2).
Indeed, the majority of POKCs (80%) and OOKCs (68%)
showed more than 50% VEGF-positive epithelial cells,
whereas the majority of FCs (71%) were either negative in
the epithelium or showed less than 10% positive cells (χ2,
p<0.0005). Similarly, the majority of POKCs (88%) and
OOKCs (68%) showed more than 50% positive endothelial
cells, whereas the majority of FCs (75%) were either
negative or showed less than 10% VEGF-positive endothe-
lial cells (χ2, p<0.005). The highest percentage of cases with
score 2 VEGF positivity in the stromal cells was observed in
POKCs (68%) (Fig. 1b); OOKCs showed a score 2 positivity
in 44%, score 1 in 31%, and score 0 in 25%, whereas 68% of
FCs showed a score 0, 25% a score 1, and only 7% a score 2
(χ2, p<0.0001). No statistically significant differences were
observed between POKCs and OOKCs in VEGF expression
in the epithelial and endothelial cells, whereas the positivity
score in stromal cells was significantly higher in POKCs
compared to OOKCs (χ2, p=0.0255). Occasionally, a VEGF
immunoreactivity was observed in inflammatory cells also.
Recurrent cases showed VEGF positivity in >50% of
epithelial and endothelial cells, but no statistically significant
differences in VEGF expression was found between recur-
rent and nonrecurrent cases.

Discussion

The present study shows that VEGF is expressed in the
various types of odontogenic cysts. However, marked differ-
ences were found in OKC and OKC compared with FC. In all

cases of OKC, there was a statistically significantly higher
expression of VEGF positivity in epithelial, endothelial, and
stromal cells, while, on the contrary, most of the FCs were
negative for VEGF expression. Some researchers have
reported an intense immunoreactivity in periapical and
radicular cysts [41, 42], but this could be related to the
frequent presence of an inflammatory infiltrate in this type of
cysts. The present data show that angiogenesis can be
important in the progression and enlargement of odontogenic
cysts similarly to what occurs in neoplastic conditions [43].
Moreover, this higher positivity for VEGF of OKC could
help to explain in part the infiltrative characteristic of this
lesion. The present study was also directed at seeking
correlations among VEGF cellular expression, clinical
findings, and cellular composition of the odontogenic cysts.
None of the clinical parameters evaluated correlated with
VEGF expression. A correlation was observed between
VEGF expression in epithelial cells and capsular fibroblasts
and vessels, suggesting that these cell types might form a
cellular network sharing regulation by the stimulatory signals
promoting angiogenesis.

The present results are consistent with a mechanism that
could combine the relationships of VEGF expression in
epithelium, vessels, and stromal cells of the fibrous wall
with the different clinical and biological behavior of various
types of odontogenic cysts.

In conclusion, the present results can support the
hypothesis that angiogenesis is an active mechanism in
the invasive growth of the OKC.

Acknowledgment This work was partially supported by the
National Research Council (CNR), Rome, Italy and by the Ministry
of Education, University and Research (MIUR), Rome, Italy.

Conflict of interest We have no conflict of interest.

References

1. Verbin RS, Barnes L (2001) Cysts and cyst-like lesions of the oral
cavity, jaws and neck. In: Barnes L (ed) Surgical pathology of the
head and neck, vol 3. Marcel Dekker, New York, pp 1452–1462

2. Agaram NP, Collins BM, Barnes L, Lomago D, Aldeeb D,
Swalsky P, Finkelstein S, Hunt JL (2004) Molecular analysis to
demonstrate that odontogenic keratocysts are neoplastic. Arch
Pathol Lab Med 128:313–317

3. Kolar Z, Geierova M, Bouchal J, Pazdera J, Zboril V, Turdy P
(2006) Immunohistochemical analysis of the biological potential
of odontogenic keratocysts. J Oral Pathol Med 35:75–80

4. Kaplan I, Hirschberg A (2004) The correlation between epithelial
cell proliferation and inflammation in odontogenic keratocyst.
Oral Oncol 40:985–991

5. Kichi E, Enokiya Y, Muramatsu T, Hashimoto S, Inoue T, Abiko
Y, Shimono M (2005) Cell proliferation, apoptosis, and apoptosis-
related factors in odontogeni keratocysts and in dentigerous cysts.
J Oral Pathol Med 34:280–286

760 Clin Oral Invest (2011) 15:757–761



6. Poomsawat S, Punyasingh J, Weerapradist W (2006) Expression
of basement membrane components in odontogenic cysts. Oral
Dis 12:290–296

7. Li TJ, Browne RM, Matthews JB (1995) Epithelial cell
proliferation in odontogenic keratocysts. A comparative immuno-
histochemical study of Ki67 in simple, recurrent and basal cell
naevus syndrome (BCNS)-associated lesions. J Oral Pathol Med
24:221–226

8. Shear M (2002) The aggressive nature of the odontogenic
keratocyst: it is a benign cystic neoplasm? Part 1. Clinical and
early experimental evidence of aggressive behaviour. Oral Oncol
38:219–226

9. Shear M (2002) The aggressive nature of the odontogenic
keratocyst: it is a benign cystic neoplasm? Part 2. Proliferation
and genetic studies. Oral Oncol 38:323–331

10. Shear M (2002) The aggressive nature of the odontogenic
keratocyst: it is a benign cystic neoplasm? Part 3. Immunocyto-
chemistry of cytokeratin and other epithelial cell markers. Oral
Oncol 38:407–415

11. Chirapathomsakul D, Sastravaha P, Jansisyanont P (2006) A review
of odontogenic keratocysts and the behaviour of recurrences. Oral
Surg Oral Med Oral Pathol Oral Radiol Endod 101:5–9

12. Amorim RFB, Godoy GP, Galvao HC, Souza LB, Freitas RA
(2004) Immunocytochemical assessment of extracellular matrix
components in syndrome and non-syndrome odontogenic kerato-
cysts. Oral Dis 10:265–270

13. Foschini MP, Cocchi R, Marucci G, Pennesi MG, Magnini E,
Ligorio C, Lombardini F, Tosi AL, Marchetti C (2006) High ΔN
p63 isoform expression favours recurrences in odontogenic
keratocyst–odontogenic keratocystic tumour. Int J Oral Maxillofac
Surg 35:673–675

14. Thosaporn W, Iamaroon A, Pongsiriwet S, Ng KH (2004) A
comparative study of epithelial cell proliferation between the
odontogenic keratocyst, orthokeratinized odontogenic cyst, den-
tigerous cyst and ameloblastoma. Oral Dis 10:22–26

15. Philipsen HP (2005) Keratocystic odontogenic tumour. In: Barnes
L, Eveson JW, Reichart P, Sidransky D (eds) Head and neck
tumours, pathology and genetics. WHO classification of tumours,
IARC Press, Lyon, pp 306–307

16. Henley J, Summerlin DJ, Tomich C, Zhang S, Cheng L (2005)
Molecular evidence supporting the neoplastic nature of odonto-
genic keratocyst: a laser capture microdissection study of 15
cases. Histopathology 47:582–586

17. Ohki K, Kumamoto H, Ichinohasama R, Sato T, Takahashi N,
Ooya K (2004) PTC gene mutations and expression of SHH, PTC,
SMO and GLI-1 in odontogenic keratocysts. Int J Oral Maxillofac
Surg 33:584–592

18. Johnstone S, Logan RM (2006) The role of vascular endothelial
growth factor (VEGF) in oral dysplasia and oral squamous cell
carcinoma. Oral Oncol 42:337–342

19. Yee G, Yu Y, Walsh WR, Lindemann R, Poole MD (2003) The
immunolocalization of VEGF in the articular cartilage of sheep
mandibular condyle. J Craniomaxillofac Surg 31:244–251

20. Ida-Yonemochi H, Swelam W, Saito C, Saku T (2005)
Angiolipoma of the buccal mucosa: a possible role of mast
cell-derived VEGF in its enhanced vascularity. J Oral Pathol
Med 34:59–61

21. Chu SC, Tai CH, Yang SF, Huang Fm SuYF, Hsieh YS, Chang
YC (2004) Induction of vascular endothelial growth factor gene
expression by proinflammatory cytokines in human pulp and
gingival fibroblasts. J Endod 30:704–707

22. Szpaderska AM, Walsh CG, Stenberg MJ, DiPietro LA (2005)
Distinct paterrns of angiogenesis in oral and skin wounds. J Dent
Res 84:309–314

23. Folkman J (1995) Angiogenesis in cancer, vascular, rheumatoid
and other diseases. Nat Med 1:27–31

24. Li X, Eriksson U (2001) Novel VEGF family members: VEGF-B,
VEGF-C and VEGF-D. Int J Biochem Cell Biol 33:421–426

25. Shibuya M (2003) Vascular endothelial growth factor receptor-2:
its unique signalling and specific ligand, VEGF-E. Cancer Sci
94:751–756

26. Robinson CJ, Stringer SE (2001) The splice variants of vascular
endothelial growth factor (VEGF) and their receptors. J Cell Sci
114:853–865

27. Aida M, Irié T, Aida T, Tachikawa T (2005) Expression of protein
kinases C βI, βII, and VEGF during the differentiation of enamel
epithelium in tooth development. J Dent Res 84:234–239

28. Schultze-Mosgau S, Wehrhan F, Wichmann M, Schlegel KA,
Holst S, Thorwarth M (2006) Expression of interleukin 1–beta,
Transforming growth factor beta-1, and vascular endothelial
growth factor in soft tissue over the implant before uncovering.
Oral Surg Oral Med Oral Pathol Oral Radiol Endod 101:565–571

29. Sojo K, Sawaki Y, Hattori H, Mizutani H, Ueda M (2005)
Immunohistochemical study of vascular endothelial growth factor
(VEGF) and bone morphogenetic protein 2, -4 (BMP 2, -4) on
lengthened rat femur. J Craniomaxillofac Surg 33:238–245

30. Kent Leach J, Kaigler D,Wang Z, Krebsbach PH,Mooney DJ (2006)
Coating of VEGF-releasing scaffolds with bioactive glass for
angiogenesis and bone regeneration. Biomaterials 27:3249–3255

31. Weiss S, Zimmermann G, Baumgart R, Kasten P, Bidlingmaier M,
Henle P (2005) Systemic regulation of angiogenesis and matrix
degradation in bone regeneration–distraction osteogenesis com-
pared to rigid fracture healing. Bone 37:781–790

32. Kleinheinz J, Stratmann U, Joos U, Wiesmann HP (2005) VEGF-
activated angiogenesis during bone regeneration. J Oral Maxillo-
fac Surg 63:1310–1316

33. Eckardt H, Bundgaard KG, Christensen KS, Lind M, Hansen ES,
Hvid I (2003) Effects of locally applied vascular endothelial
growth factor (VEGF) and VEGF-inhibitor to the rabbit tibia
during distraction osteogenesis. J Orthop Res 21:335–340

34. Lienau J, Schell H, Duda GN, Seebeck P, Muchow S, Bail HJ
(2005) Initial vascularization and tissue differentiation are
influenced by fixation stability. J Orthop Res 23:639–645

35. Winet H (1996) The role of microvasculature in normal and
perturbed bone healing as revealed by intravital microscopy. Bone
19:39S–57S

36. Said S, Parke W, Neufeld DA (2004) Vascular supplies differ in
regenerating and non regenerating amputated rodent digits. Anat
Rec 278A:443–449

37. Yao Z, Lafage-Proust MH, Plouet J, Bloomfield S, Alexandre C,
Vico L (2004) Increase of both angiogenesis and bone mass in
response to exercise depends on VEGF. J Bone Miner Res
19:1471–1480

38. Ohtsubo S, Matsuda M, Takekawa M (2003) Angiogenesis after
sintered bone implantation in rat parietal bone. Histol Histopathol
18:153–163

39. Spanogle JP, Miyanishi K, Ma T, Epstein NJ, Smith RL,
Goodman SB (2006) Comparison of VEGF-producing cells in
periprosthetic osteolysis. Biomaterials 27:3882–3887

40. Johnson RB, Serio FG, Dai X (1999) Vascular endothelial growth
factor and progression of periodontal disease. J Periodontol
70:848–852

41. Leonardi R, Caltabiano M, Pagano M, Pezzuto V, Loreto C, Palestro
G (2003) Detection of vascular endothelial growth factor/vascular
permeability factor in periapical lesions. J Endod 29:180–183

42. Graziani F, Vano M, Viacava P, Itro A, Tartaro G, Gabriele M (2006)
Microvessel density and vascular endothelial growth factor (VEGF)
expression in human radicular cysts. Am J Dent 19:11–14

43. Shang ZJ, Li JR (2005) Expression of endothelial nitric oxide
synthase and vascular endothelial growth factor in oral squamous
cell carcinoma: its correlation with angiogenesis and disease
progression. J Oral Pathol Med 34:134–139

Clin Oral Invest (2011) 15:757–761 761



Copyright of Clinical Oral Investigations is the property of Springer Science & Business Media B.V. and its

content may not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual use.


