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Investigation of basement membrane proteins in a case of
granular cell ameloblastoma
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Granular cell ameloblastoma is a rare, benign neoplasm of the odontogenic epithelium. A case of massive granular cell ameloblastoma

in a 44-year-old Thai female is reported. Histopathological features displayed a follicular type of ameloblastoma with an accumulation

of granular cells residing within the tumor follicles. After treatment by partial mandibulectomy, the patient showed a good prognosis

without recurrence in a 2-year follow-up. To characterize the granular cells in ameloblastoma, we examined the expression of basement

membrane (BM) proteins, including collagen type IV, laminins 1 and 5 and fibronectin using immunohistochemistry. Except for the

granular cells, the tumor cells demonstrated a similar expression of BM proteins compared to follicular and plexiform ameloblastomas

in our previous study, whereas the granular cells showed strong positivity to laminins 1 and 5 and fibronectin. The increased fibronectin

expression in granular cells suggests a possibility of age-related transformation of granular cells in ameloblastoma.
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INTRODUCTION

Ameloblastoma is the most common odontogenic tumor with a varie-

ty of microscopic subtypes. Histopathologic variants of ameloblas-

toma include follicular, plexiform, acanthomatous, granular cell,

desmoplastic and basal cell patterns. Despite histopathological diver-

sity, behaviors of these subtypes have few differences.1

Granular cell ameloblastoma is a less common histological subtype

of ameloblastoma. The English literature search has revealed approxi-

mately 30 studies regarding this rare subtype of ameloblastoma.

Except for the study by Hartman, only 1–4 cases were included in each

study, indicating the rarity of this lesion.2–6 In the largest series of

granular cell ameloblastomas retrieved from the files of the Armed

Forces Institute of Pathology, granular cell ameloblastoma accounted

for 5% of 408 cases of ameloblastomas.2 Histopathological features of

the granular cell ameloblastomas display a transformation of the cyto-

plasm in epithelial tumor cells. Instead of the stellate reticulum-like

cells, the transformed cells become enlarged and contain coarse eosi-

nophilic granules in their cytoplasm.1,7 This transformation was

thought to be a degenerative change, but later studies on ultrastructure

and histochemistry indicated that these cytoplasmic granules were an

accumulation of lysosomes.3,5. However, how this lysosomal trans-

formation occurs is largely unknown.

Granular cells are also found in other odontogenic tumors, namely,

plexiform granular cell odontogenic tumors (PGCOTs) and granular

cell variant of odontogenic fibroma. The PGCOT is an extremely rare

odontogenic tumor.8–9 The key histopathological feature is interlacing

strands of odontogenic epithelium with each strand being two cell

layers’ thick. The large polyhedral tumor cells contain abundant eosi-

nophilic granules in their cytoplasm. The nuclei are oriented away

from the basement membrane in a ‘back-to-back’ appearance. The

PGCOTs and the granular cell ameloblastomas are similar in many

aspects. The average age at the diagnosis, the common location and

the radiographic features of these two tumors are indistinguishable.

The granular cells of these two lesions share similar morphological

and histochemical characteristics. Ultrastructurally, the cytoplasmic

granules of tumor cells in both entities are lysosomal.9 The odonto-

genic fibroma with granular cells is considered to be a rare variant of

odontogenic fibroma.7 With respect to clinical and radiographic fea-

tures, the granular cell variant of odontogenic fibroma is not different

from the usual odontogenic fibroma. The essential histopathological

feature is the presence of enlarge stromal cells with delicately granular

cytoplasm. The granular cells in the granular cell variant of odonto-

genic fibroma contain lysosome-like organelles as demonstrated by

electron microscopic examination.7,10 Similar to the granular cells in

ameloblastomas, the accumulation process of the lysosomal granules

in the granular cells in the PGCOTs and in the granular cell variant of

odontogenic fibromas is not understood.

Basement membrane (BM) is a highly organized extracellular

matrix that typically serves as a barrier between epithelium or

endothelial cells or muscle cells and surrounding mesenchymal tissues.

BM also provides a mechanical support to the overlying cells. Besides

being a supportive structure, the BM mediates interactions between

two cell layers, playing pivotal roles in development and diseases. The

biological role of the BM has been shown to be involved in cell pro-

liferation, differentiation, adhesion and migration.11

A number of inherited diseases affecting the skin, kidney, muscle

and eyes result from defective BM proteins such as epidermolysis

bullosa, Alport syndrome and Fraser syndrome.12 In addition,
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alterations in BM proteins expression contribute to development and

progression of tumors.13–14 Expression of cytoplasmic and BM lami-

nin was increased with the degree of tumor cell differentiation in basal

cell carcinoma.14 Loss of collagen type IV has been observed in invasive

prostate cancer.13 BM proteins appear to play an important role in

odontogenic tumors since many BM proteins are expressed in several

types of odontogenic tumors.15–17 For example, laminin 5 may be

involved in the tumor cell differentiation of calcifying cystic odonto-

genic tumors and the mineralization in adenomatoid odontogenic

tumors.17 In ameloblastomas, collagen type IV was shown to play a

role in tumor cytodifferentiation and progression.18

Expression of BM components has been studied in ameloblastomas

both in follicular and plexiform variants, but not in granular cell

subtype.17–18 The purpose of this study was to report a case of granular

cell ameloblastoma and to examine the expression of BM components,

including collagen type IV, laminins 1 and 5 and fibronectin in this

tumor. The expression of these BM proteins may provide an under-

standing of the granular cell transformation in this less common

ameloblastoma subtype.

CASE REPORT

A 44-year-old Thai female was seen for evaluation of her right facial

swelling that had been present for 5–6 years. Extra-oral examination

revealed a facial asymmetry resulting from a swelling of her right

cheek. On oral examination, an immense mass on the right mandible

was clearly observed. The mass was firm, painless and covered by oral

mucosa with notable ulcers and occlusal imprints (Figure 1). By palpa-

tion, bony hard swelling was present at buccal and lingual aspects of

the mandible. There was no lip numbness. Her past medical history

and the remainder of physical examinations were noncontributory.

The patient could not recall the dental history related to the lost of the

right lower molars. A panoramic radiograph revealed a large well-

defined multilocular radiolucent lesion causing bony destruction

of the right mandible and severe root resorption of the mandibular

second premolar (Figure 2). The lesion extended from the mesial area

of the right mandibular second premolar to the mandibular ramus.

An incisional biopsy from the lesion was performed. Histo-

pathological examination revealed several islands of odontogenic

epithelium with peripheral palisading of columnar cells. These

odontogenic islands were embedded in a mature collagenous stroma.

The bordering cells of tumor islands displayed reversed polarization

and hyperchromatic nuclei. In the central portions of the tumor

islands, either enlarged granular cells or stellate-shaped cells were seen.

The granular cells exhibited coarsely granular eosinophilic cytoplasm

and small pyknotic nuclei (Figure 3). The size of the tumor islands in

this case varied from small to large. A varying number of granular cells

between tumor islands were found. Cystic degeneration was frequently

found in the large tumor islands. Therefore, a diagnosis of ameloblas-

toma, granular cell variant, was made.

The patient was subsequently treated by partial mandibulectomy.

The specimen received consisted of a right mandible with three teeth

(two mandibular premolars and a mandibular canine). Confirmation

of the diagnosis of granular cell ameloblastoma was done by taking

several sections from the tumor mass. Bony margins of the specimens

were analyzed and found to be free of tumor cells. The patient was

followed up every 6 months for 2 years without any recurrence.

MATERIALS AND METHODS

Immunohistochemical analysis

Immunohistochemical stainings were carried out by the streptavidin–

biotin peroxidase method. The sections were deparaffinized in xylene

and rehydrated in graded ethanol solutions. Endogenous peroxidase

was then blocked with 3% hydrogen peroxide for 10 min. For
Figure 1 A clinical photograph of granular cell ameloblastoma in the oral cavity

shows an enormous mass on the right mandible.

Figure 2 A panoramic radiograph displays a well defined multilocular radiolu-

cency with scalloped border (arrowheads) extending from the right second

mandibular premolar to the mandibular ramus. Extensive root resorption of

the right second mandibular premolar and thinning of the cortical plate is

detected. Note that the inferior alveolar nerve canal has been displaced inferiorly

to the inferior cortex of the mandible (arrows).

Figure 3 Biopsy specimen reveals ameloblastomatous islands containing

central large round cells with eosinophilic granules in the cytoplasm (hema-

toxylin and eosin stain, original magnification: 3200).
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antibodies against laminin 1, collagen type IV and fibronectin, antigen

retrieval was performed by incubating the sections with 0.4% pepsin

(Sigma Chemical Co., St Louis, MO, USA) in 0.01 mol?L21 HCl at

37 6C for 1 h. For antibodies against laminin 5, antigen retrieval was

done by covering the sections with proteinase K (Dako Corporation,

Carpinteria, CA, USA) at room temperature for 15 min. After washing

with 0.1% Tween 20 (MERCK-Schuchardt, Hohanbrumm, Germany)

in phosphate-buffered saline, the sections were treated with 2% bovine

serum albumin (Sigma Chemical Co.) in phosphate-buffered saline

for 30 min and then incubated with primary antibodies diluted in

phosphate-buffered saline for 2 h at room temperature. The primary

antibodies used were anti-collagen type IV (1 : 25; Dako S/A, Glostrup,

Denmark), anti-laminin 1 (1 : 60; Sigma Chemical Co.), anti-laminin

5 (1 : 300; Chemicon International, Temecula, CA, USA) and anti-

fibronectin (1 : 400; Dako S/A). Biotinylated immunoglobulin G and

streptavidin–biotin peroxidase complex (strepABComplex/HRP Duet

kit; Dako S/A) were applied to the sections for 30 min each.

Subsequently, 3,39-diaminobenzidine tetrahydrochloride (Sigma

Chemical Co.) was used as a chromogen to develop the color. The

sections were later counter-stained with Mayer’s hematoxylin.

Sections of normal oral mucosa were stained at the same run as posi-

tive control. Furthermore, a presence of positive staining with anti-

bodies against laminin 1, collagen type IV and fibronectin in blood

vessels within the tumor sections also served as an internal control.

Negative control was performed by exclusion of the relevant primary

antibody.

The immunoreactivity was assessed based on staining intensity. The

staining intensity of positive cells was evaluated visually and classified

as follows: weak intensity (W), moderate intensity (M) and strong

intensity (S).

RESULTS

The tumor cells of granular cell ameloblastoma showed positive

immunoreactivities to all proteins except for collagen type IV

(Figure 4). The expression of laminins 1 and 5, collagen type IV and

fibronectin is summarized in Table 1.

Figure 4 Immunohistochemical staining of basement membrane components, including laminin 1 (a), laminin 5 (b), collagen type IV (c) and fibronectin (d) in a

granular cell ameloblastoma. (a) An intense staining of laminin 1 is found in the peripheral cells, central stellate shaped-like cells and granular cells. (b) A moderate-to-

strong intensity of laminin 5 is seen in granular cells. (c) A strong expression of collagen type IV is detected at the basement membrane area surrounding tumor follicles.

(d) A weak to moderate staining for fibronectin is observed in peripheral cells and central cells, whereas a moderate-to-strong staining is present in granular cells

(immunostaining, original magnification: 3200).

Table 1 The expression of laminins 1 and 5, collagen type IV,

and fibronectin in the cytoplasm of tumor cells in a granular cell

ameloblastoma

Examined proteins

Staining intensity

Peripheral cells Central cells Granular cells

Laminin 1 M to S M S

Laminin 5 W W M to S

Collagen type IV No staining No staining No staining

Fibronectin W to M W M to S
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At the BM area surrounding tumor follicles, all examined BM pro-

teins were detected as a thin or thick linear deposit (Figure 4). Collagen

type IV showed a moderate to strong staining intensity (Figure 4c),

whereas laminin 1 demonstrated a strong expression (Figure 4a).

Expression of laminin 5 at the BM zone was generally weak

(Figure 4b), except for only the focal area that showed a moderate

staining intensity. Fibronectin exhibited a moderate staining intensity

at this zone (Figure 4d). However, in some places where the tumor

cells were crowded, the staining intensity was weak. At the area of

tumor perforation, the epithelium of the neighboring mucosa found

in the specimen showed a positive immunoreactivity to all BM studied

at the BM zone, while no immunoreactivity was found in the cyto-

plasm of mucosal epithelial cells.

The fibrous stroma of the tumor was strongly stained for laminin 1

and fibronectin. However, the intensity of laminin 1 in the stroma was

not as strong as that observed in the walls of blood vessels. Laminin 5

was weakly expressed in the stroma, whereas no expression of collagen

type IV was seen in the fibrous stroma.

DISCUSSION

This study reports a case of granular cell ameloblastoma that

developed at the posterior mandible of a 44-year-old female. The

age and the location of tumor of this case appear to be consistent with

the study by Hartman.2 Based on a series of 20 cases of granular cell

ameloblastoma, this tumor occurs at an average age of 40.7 years with

no significant gender predilection and is found predominantly at the

posterior region of the mandible.2 In our case, the patient had no

recurrence during the 2 years after the operation, suggesting a good

prognosis. The prognosis of granular cell ameloblastomas is favorable

and is similar to that of the conventional ameloblastoma when the

appropriate treatment was performed.4,6 Although an aggressive beha-

vior with metastasis and recurrences of granular cell ameloblastomas

have been reported, those cases were all associated with either a very

long duration of the tumors or inadequate treatments at the begin-

ning.2,19 The appropriate treatment for granular cell ameloblastoma

and other histological variants of ameloblastoma is considerably the

same. The most widely used treatment is marginal resection with at

least 1.0 cm past the radiographic limits of the tumor.1 In case of a

large tumor with extreme cortical bone destruction, the partial jaw

resection is recommended.7

The histological feature of the present case showing the formation

of granular cells in the follicular type of ameloblastoma is in confor-

mity with previous reports. The granular cell ameloblastoma frequently

appears in the follicular pattern in which all or a part of the stellate

reticulum-like cells and, sometimes, the peripheral tumor cells are

replaced by granular cells.2,20–21

The expression of BM components, including laminins 1 and 5,

collagen type IV and fibronectin, has previously been studied in fol-

licular and plexiform variants of ameloblastomas.17 With the excep-

tion of granular cells, the expressions of BM proteins in granular cell

ameloblastoma are similar to those found in follicular ameloblastomas

in our previous study.

The strong positivity of laminin 1 in the cytoplasm of all tumor cells,

including the granular cells, was consistently found. In addition, none

of mucosal epithelial cells at the region of tumor perforation was

positive to laminin 1. These results support our previous notion that

laminin 1 is expressed in the epithelial cells of odontogenic origin and

may be a marker of odontogenic tumors.17,22 In addition, this finding

further supports previous agreement that the granular cells in amelo-

blastoma are derived from the odontogenic epithelium, not from

mesenchymal connective tissue.23 The epithelial origin of the granular

cells has previously been illustrated by the positivity to cytokeratin.5,23

Interestingly, the granular cells displayed positive reactivity to lami-

nin 5, whereas the peripheral tumor cells showed only weak reactivity

to this protein. This finding suggests that laminin 5 may participate in

the transformation or differentiation of granular cells. The expression

of laminin 5 in granular cells of ameloblastoma of the present case is in

line with previous work demonstrating mRNA expression of laminin

5 c2 in granular cells of an ameloblastoma.15 Nevertheless, the mRNA

expression of laminin 5 c2 in the peripheral tumor cells was not

mentioned.

The nature of granular cell transformation in the granular cell ame-

loblastomas is inconclusive. Gold and Christ believed that the cyto-

plasmic granules represent a metabolic process.24 However, electron

microscopic and histochemical studies have indicated that the granu-

les in the granular cells correspond to a large amount of intracyto-

plasmic lysosomes,3–4 the most common characteristic found in cells

with senescence.25 It is likely that the granular cells in ameloblastomas

represent an aging phenomenon because the average onset age of

patients of the granular cell ameloblastomas is approximately 8 years

older than the average onset age for the conventional ameloblasto-

mas.2,26–27 The concept of aging process of granular cells in amelo-

blastomas is advocated by a long duration of this tumor. The average

duration of symptoms in the granular cell ameloblastomas was 15.3

years compared to those from the conventional ameloblastomas of

2.3–5.8 years.19,26–27 Interestingly, it has been reported that the granu-

lar cells were observed 28 and 11 years after the onset of the

tumors.19,28 In another case, the granular cells were recognized 22

years after the first resection.29 Although the aging process has fre-

quently been proposed to be responsible for the granular cell trans-

formation in ameloblastomas,3–4,19 several observations have been

raised against the aging process of the granular cells such as the pre-

sence of granular cells in the recurrent tumor, which is similar to the

original tumors,2 and the unchanged number of granular cells in a case

of ameloblastoma after a 4-year follow-up.23

Interestingly, enhanced expression of fibronectin appears to be one

of the most typical features of senescent cells.30 Fibronectin has also

been proposed to be one of the biomarkers for replicative senes-

cence.31 Increased levels of fibronectin synthesis have been observed

during serial passage of skin fibroblasts, lung fibroblasts and umbilical

vein endothelial cells.32–33 Thus, our present finding of increased

fibronectin expression in the granular cells compared to peripheral

cells is in favor of an age-related transformation. Besides the increased

fibronectin expression and lysosome content, an increased cell

volume34 and vimentin expression35 and a presence of senescence-

associated b-galactosidase activity36 are also associated with aging

phenomenon. In support of the age-related transformation of granu-

lar cells in ameloblastomas, one study reported that some granular

cells in ameloblastoma were positive to vimentin.23 However, two

studies did not find the expression of vimentin in the granular cells

of ameloblastomas.21,37 Although the immunuhistochemical findings

appear to support the aging phenomenon of the granular cells in

ameloblastomas, it has to be aware that the role of replicative

senescence in the aging process remains controversial.38 For example,

there seems to be no clear link between telomerase repeat number and

donor age in certain cell type. Post-mitotic cells in lower organisms as

well as the post-mitotic tissues of higher organisms do still age.38

Taken all together, it would be of interest to further determine whether

the granular cells in ameloblastomas truly represent the characteristics

of aging cells.
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CONCLUSION

We report a case of granular cell ameloblastoma developing in a fol-

licular pattern. The patient showed a good prognosis with no sign of

recurrence after treatment by partial mandibulectomy. With the

exception of granular cells, the expressions of BM proteins in granular

cell ameloblastoma were similar to those in follicular ameloblastomas.

The strong expression of BM proteins, including laminins 1 and 5 and

fibronectin, was observed in many granular cells of ameloblastoma,

providing some insights into the characteristics of granular cells in this

rare tumor. The lysosomal aggregates in the granular cells and the

current finding of increased fibronectin expression in the granular

cells led us to speculate that the granular cell transformation in granu-

lar cell ameloblastoma may be associated with the aging phenomenon.
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