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ABSTRACT
The expression of the HOX gene network in mid-stage human tooth development mostly concerns the epithelial tooth germ compartment and

involves the C and D HOX loci. To further dissect the HOX gene implication with tooth epithelium differentiation we compared the expression

of the whole HOX network in human ameloblastomas, as paradigm of epithelial odontogenic tumors, with tooth germs. We identified two

ameloblastoma molecular types with respectively low and high number of active HOX C genes. The highly expressing HOX C gene

ameloblastomas were characterized by a strong keratinized phenotype. Locus C HOX genes are located on chromosome 12q13–15 in physical

contiguity with one of the two keratin gene clusters included in the human genome. The most posterior HOX C gene, HOX C13, is capable to

interact with hair keratin genes located on the other keratin gene cluster in physical contiguity with the HOX B locus on chromosome 17q21–

22. Inside the HOX C locus, a 2.2 kb ncRNA (HOTAIR) able to repress transcription, in cis, along the entire HOX C locus and, in trans, at the

posterior region of the HOX D locus has recently been identified. Interestingly both loci are deregulated in ameloblastomas. Our finding

support an important role of the HOX network in characterizing the epithelial tooth compartment. Furthermore, the physical contiguity

between locus C HOX and keratin genes in normal tooth epithelium and their deregulation in the neoplastic counterparts suggest they may

act on the same mechanism potentially involved with epithelial tumorigenesis. J. Cell. Biochem. 112: 3206–3215, 2011.

� 2011 Wiley Periodicals, Inc.
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O dontogenic tumors of the jawbones are lesions arising from

epithelial, ectomesenchymal, and/or mesenchymal tissues

representing parts of the tooth-forming apparatus [Philipsen and

Reichart, 2006]. Solid/multicystic ameloblastomas are epithelial and

locally invasive tumors that represent the second most common

tumor type of all odontogenic tumors [Jundt and Reichart, 2008].

They typically grow slowly and often recur after incomplete

excision but virtually never metastasize [Gardner, 1996]. Most of the

ameloblastomas develop in the posterior region of the mandible and

display heterogeneous gene expression patterns compared with

human tooth germs [Carinci et al., 2004; Ruhin-Poncet et al., 2009].

Ameloblastomas show two distinct histopathological patterns

without clinical importance. Whereas the follicular subtype

demonstrates islands of odontogenic epithelium resembling the

enamel organ within a fibrous stroma, the plexiform subtype shows

anastomosing strands of primarily basal cells with an inconspicuous

stellate reticulum [Gardner, 1996]. The expression of different

keratins (CK8, CK19, AE1/AE3) has been described in distinct
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histologic variants of ameloblastomas [Wato et al., 2006]. A

prominent squamous metaplasia within the stellate reticulum-like

areas, for example, that can progress to keratin pearl formation is a

well-recognized feature of acanthomatous ameloblastoma [Gardner,

1996].

Although several studies have detected genetic and cytogenic

alterations in epithelial odontogenic tumors [Gollin and Janecka,

1994; Kumamoto, 2006], the molecular pathogenesis of benign and

malignant odontogenic tumors has not been extensively investi-

gated. The fos oncogene and tumor necrosis factor receptor 1

(TNFRSF1A) are hyper-expressed in ameloblastomas [Heikinheimo

et al., 2002]. Sonic hedgehog (SHH), cadherins 12 and 13 and

transforming growth-factor beta 1 (TGFb1) are under-expressed in

ameloblastomas with respect to their expression in normal tooth

development [Heikinheimo et al., 2002]. The development and

progression of odontogenic tumors are affected by alterations of the

molecular mechanisms associated with tooth development and bone

metabolism involving a cross talk between the SHH and the PI3K

signaling with the convergence of these signals to the regulation of

Gli transcription factors [Sauk et al., 2010].

Class I Homeobox genes (Hox in mice, HOX in human) are

transcription factors mostly involved in embryonic development

[Gehring and Hiromi, 1986]. They display an unique genomic

network organization: four compact chromosomal loci [HOXA at

7p15.3, HOXB at 17q21.3, HOXC at 12q13.3 and HOXD at 2q31—

Apiou et al., 1996] where 39 sequence corresponding genes can be

aligned with each other into 13 antero-posterior paralogous groups.

The HOX gene network, the most repeat-poor regions in the human

genome [Lander et al., 2001], is also expressed in normal adult

human organs [Cillo et al., 2001]. Homeobox and HOX genes appear

to regulate phenotype cell identity [Cillo et al., 1999], cell

differentiation [Magli et al., 1991; Cantile et al., 2003a] and control

primary cellular processes, as proven by the description of

congenital [Mortlock and Innis, 1997], somatic [Nakamura et al.,

1996] and metabolic [Ferber et al., 2000] diseases involving these

genes. Besides the already established role in hematopoiesis and

leukemogenesis [Argiropoulos and Humphries, 2007], the HOX

network is implicated in the neoplastic alterations of human solid

tissues and organs such as kidney, colon, lung, skin, bladder, liver,

breast, and prostate [Cillo, 1994–95; Abate-Shen, 2002]. New crucial

functions have recently been ascribed to HOX genes and

homeoproteins mostly related to their interaction with miRNAs

and non-coding RNAs to guarantee export and transcription of

specific mRNAs [Cobb and Duboule, 2004; Rinn et al., 2007].

The lack of HOX A2 expression in the first branchial arch during

embryonic development has suggested the exclusion of HOX genes

from the homeobox odontogenic code, postulated to decode the

rules of the first branchial arch patterning [Thomas and Sharpe,

1998]. The unsuspected expression of the HOX gene network, which

we have reported in human tooth germs between 18 and 24 weeks of

development, mostly concerns the epithelial tooth germ compart-

ment. In contrast the HOX network appears to be weakly active

in the ectomesenchymal tooth germ compartment as well as in

embryonic retro molar tissues [D’Antò et al., 2006].

To further dissect the HOX gene involvement with tooth

epithelium differentiation, here we have compared the expression

of the HOX network, at mRNA and protein level, in human

ameloblastomas, as paradigm of tumors derived from the

odontogenic epithelium, with the same expression in human tooth

germs.

MATERIALS AND METHODS

TISSUE SAMPLES

Ameloblastoma: Ten frozen ameloblastoma biopsies were collected

by searching the files of the Pathology-Institute of the University of

Basel, Switzerland. The specimens were obtained from the

mandibles of seven males and three females ranging in age from

22 to 60 years (mean age, 34). The cases were included in the

Referente Register of the German-Austria-Swiss working group of

tumors of the jaws (DOESAK). The histological classification was

carried out according to the WHO histological typing criteria for

odontogenic tumors and showed three follicular, six plexiform and

one desmoplastic ameloblastoma subtypes [Gardner, 1996].

Tooth germ: Human fetal samples were obtained from legally

approved therapeutic abortions at the Department of Pathology,

University of Naples Federico II. The sampling was carried out

according to the University’s Guidelines for Human Experimenta-

tion (autopsy protocol). Informed consent was obtained from the

parents of all the subjects involved in the experiments and the study

protocols were reviewed and approved by the University Ethical

Committee. The age of the fetuses was calculated from anamnestic

and ultrasonographic data, it ranges from 18 to 24 gestational

weeks. Tissue samples were collected, typically within 2 h after

death. Lower and/or upper jaw were removed. Blocks of the upper

and lower jaw were sectioned, including the deciduous tooth germs

of incisors and first molar. We also removed blocks of mandibular

branch as a control tissue free of tooth germ. Each tissue sample was

split into two upright parts, one to be fixed and paraffin embedded,

the other to be snap-frozen in liquid nitrogen and stored at �808C
until used for RNA extraction. Sections from the paraffin blocks

were stained with hematoxylin and eosin for morphological

examination [D’Antò et al., 2006].

IMMUNOHISTOCHEMISTRY

Standard indirect immunoperoxidase procedures were done by

immunohistochemistry according to the manufacturer’s instruc-

tions (VECTASTAIN1 Elite ABC Kit, Vector Laboratories, Burlin-

game, CA). Optimal dilutions were predetermined in our laboratory.

Characteristics of all antibodies used are listed in Table I.

RNA EXTRACTION AND ANALYSIS

Total RNA was isolated from frozen biopsies using RNeasy Mini Kit

(Qiagen GmbH, Hilden, Germany) following the manufacturer’s

instructions. Samples were treated with RNase-free DNase (Qiagen

GmbH) to prevent amplification of genomic DNA. One microgram

RNA was subjected to cDNA synthesis for 1 h at 378C using the

Ready to go You-Primer First-Strand Beads kit (Amersham

Biosciences cod. 27-9264-01) in a reaction mixture containing

0,5mg random hexamers (GeneAmp RNA PCR Random Hexamers

Set N808-0127 Applied Biosystems, Foster City, CA).
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PCR AMPLIFICATION

PCR amplification of cDNAwas done in a reactionmixture (Pure Taq

Ready to go PCR-beads GE Healthcare) containing 4ml of cDNA

sample and different HOX primer sets (20 p/mol each), and human

b-actin gene, as an internal control, as previously reported [Cantile

et al., 2003b]. To prevent genomic DNA contamination, primer sense

and anti-sense were designed to frame a sequence that crossed an

intron. The co-amplification of each specific gene and human

b-actin gene, as an internal control, was achieved using two primer

sets in a single reaction mixture. We selected two pairs of b-actin

primers to obtain amplified fragments with different molecular

weight (149 and 433 bp), to be used alternatively in the co-

amplification reaction. Duplex-PCR products were separated by

ethidium 1.2% agarose gel electrophoresis.

REAL-TIME PCR

TaqMan1 analysis was carried out on a 7900HT Sequence Detection

System. Singleplex PCR reactions were done in Fast Gene

Quantification in 96-Well Plates with The TaqMan1 Fast Universal

PCRMaster Mix (10ml) in a volume of 20ml containing 2ml of cDNA

and 1ml of specific TaqMan1 Gene Expression Assays for human

HOXC (HOXC4, HOXC5, HOXC6, HOXC8, HOXC9, HOXC10,

HOXC11, HOXC12, HOXC13) genes and Keratins (KRT1, KRT2,

KRT4, KRT5, KRT6, KRT7, KRT8), according to the manufacturer’s

directions. All reactions were done in triplicate. All reagents were

from Applied Biosystems. The comparative Ct method (ref) was

employed to determine the human HOXC and Keratins genes

variation, using as reference gene TaqMan1 Endogenous Controls

Human ACTB (b-actin) Endogenous Control (Applied Biosystems).

TABLE I. Characteristics of Antibodies

Antibody Clone Dilution Pretreatment Chromogen Manufacturer

HOX C4 ab55245 1:1,000 1 DAB 1
HOX B6 sc-17171 1:100 1 DAB 2
HOX D9 sc-8320 1:100 1 DAB 2
Cytokeratin 22 Mixture 1:500 2 DAB 3

1, microwave pretreatment (1208C, 15min) in target retrieval solution (DAKO, Glostrup, Denmark); 2, pretreatment (378C, 38min) in Ventana Cell Conditioner 1 (Ventana
Medical Systems, Inc., Tucson, AZ), DAB, diamino-benzidine.
Manufacturers: 1, Abcam (Cambridge, MA); 2, Santa Cruz Biotechnology, Inc. (Santa Cruz, CA), 3¼Biomeda (Foster City, CA).

Fig. 1. A: Follicular ameloblastoma with peripheral palisading of tumor cells, reverse polarity of nuclei and focal keratinization (�). Loosening of centrally located cells adding a
stellate reticulum like appearance to these areas (þ). B: Plexiform ameloblastoma with anastomosing slender strands of tumor cells with peripheral palisading and prominent

cystic transformation. C: Plexiform ameloblastoma with pronounced peripheral palisading, reversed polarity and subnuclear vacuoles (arrows). Focal whorl-like arrangement

(incipient keratinization�) or stellate-reticulum like disaggregation (þ) of central tumor cells. D: Plexiform ameloblastoma with prominent keratinization including horn pearls

(þ). Some of these areas show an acantholytic change (�). [Color figure can be seen in the online version of this article, available at http://wileyonlinelibrary.com/journal/jcb]
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We identified as calibrator a pull of RNAs of the 10 tooth germs that

represents the unitary amount of the interested target, consequently

the samples express n-fold mRNA relative to the calibrator. Final

amounts of target were determined as follows: target amount¼ 2�Ct,

where Ct¼ [Ct (HOXC or Keratin genes)�Ct (ACTB)]sample� [Ct
(HOXC or Keratin genes)� Ct (ACTB)]calibrator.

RESULTS

The 10 ameloblastoma samples of our study were chosen according

to the availability of paraffin embedded and fresh frozen tissues

of the same tumors. The characteristic morphology of the included

ameloblastoma subtypes are shown in Figure 1 as follicular

ameloblastomas (Fig. 1A), plexiform ameloblastomas (Fig. 1B)

and plexiform ameloblastomas with incipient (Fig. 1C/sample A5

Fig. 2A) and prominent (Fig. 1D/sample A6 Fig. 2A) keratinization.

In Figure 2 the expression of the whole HOX gene network, as

detect by duplex RT-PCR, is compared between the ameloblastoma

samples (Fig. 2A) and ten tooth germs at 18–24 weeks of embryonic

development (Fig. 2B). The HOX network appears, in general, to

display an increasing number of active HOX genes in tooth germs

versus ameloblastoma: the genes HOXA2 and HOXA9 on locus A,

HOX B1 on locus B, HOXC8, HOXC10 and HOXC11 on locus C and

HOXD12 and HOXD13 on locus D, are more frequently active in

tooth germs. In contrast, HOXA1, HOXB13, HOXC4, HOXC5, and

HOXC9 increase their frequency of expression in ameloblastomas as

compared with tooth germs. Locus HOX C appears to be the HOX

locus displaying the most significant changes in the frequency of

HOX gene expression both comparing ameloblastoma and tooth

germs and between ameloblastoma samples. According to the total

number of active HOX genes, 8/10 ameloblastomas of our series

display a low number (13-20/39) of active HOX genes in the network

(Fig. 2A) whereas the ameloblastoma samples A5 and A6 manifest a

high number (26-27/39) of active HOX genes in the network

(Fig. 2A).

The histograms reported on Figure 3 compare the HOX genes

actively expressed in ameloblastomas and tooth germs according to

the HOX network loci and paralogous groups organization as a

percentage of active HOX genes over the total number of HOX genes

per locus. In Figure 3A, the ameloblastomas with low number of

active HOX genes (striped bars) manifest an unaltered ratio of

Fig. 2. RT-PCR expression of the HOX gene network in ten ameloblastomas, A1–A10 (A), and 10 tooth germs, G1–G10 (B). The vertical alignment identifies the HOX gene

network expression of locus A, B, C, and D genes in ameloblastomas and tooth germs arranged according to paralogous groups 1–13 organization. Black and white small

rectangles indicate active or silent HOX genes, respectively.
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expression between HOX loci as compared with the frequency of the

HOX loci expression in tooth germs (white bars) with a decreading

expression frequency going from locus HOXD to HOX B, HOXA and

HOX C. In contrast, the ratio of expression between HOX loci in the

two ameloblastomas with high number of active HOX genes (black

bars) is heavily altered with an exceedingly frequency of the HOX C

and HOX A loci genes with respect to tooth germs.

In the low expressing ameloblastomas of Figure 3B (striped

columns) only 2 paralogous groups HOX genes display a similar (13)

or an exceeding (9) frequency of expression versus tooth germs

(white columns). In contrast, 12 out of 13 paralogous groups HOX

genes display a similar (3 groups) or an increased (9 groups)

frequency of expression in the high HOX expressing ameloblas-

tomas (black columns) versus tooth germs, and these paralogous

groups manifest a posterior localization inside the HOX network

(from groups 5 to 13). Paralogous group 2 HOX genes are

undetectable in ameloblastomas. Thus, in spite of the low number

of cases, according to the HOX network expression the two group of

ameloblastoma appear to fit with different molecular identities.

On the basis of the large differences of locus C HOX gene

expression between the two ameloblastoma identities, we have

quantified, in real time, locus HOXC gene mRNA expression in

ameloblastoma samples versus a pool of the 10 tooth germ RNAs

(Fig. 4). Locus C HOX genes display a marked increase of mRNA

expression in the samples A5 and A6. Most of the investigated

ameloblastoma demonstrated a substantial increase concerning

only HOXC4 and HOX C5mRNAs expression. The most 50 end HOXC
locus gene, HOXC13, already reported to be deregulated in

ameloblastomas [Zhong et al., 2007], display a slight increase of

mRNA expression in the 6 out of 10 ameloblastoma samples and a

peak of mRNA expression in the samples A5 and A6. HOXC6, HOX

C9, HOXC10, and HOX C13 revealed a decreased mRNA expression

Fig. 3. A: The histogram represents the comparison of the duplex RT-PCRmRNA expression of the HOX gene network between ameloblastomas and tooth germs (white bars) as

detected for ameloblastomas displaying low number of active HOX genes (striped bars) and ameloblastomas displaying high number of active HOX genes (black bars). HOX genes

are arranged according to the HOX network loci organization HOXA, HOXB, HOXC and HOXD. The X-axis of the histograms represents the percentage of actively expressed HOX

genes over the total number of the HOX genes tested. B: The histogram represents the comparison of the duplex RT-PCR mRNA expression of the HOX gene network between

ameloblastomas and tooth germs (white columns) as detected for ameloblastomas displaying low number of active HOX genes (striped columns) and ameloblastomas displaying

high number of active HOX genes (black columns). HOX genes are arranged according to the HOX network paralogous groups organization from 1 (anterior) to 13 (posterior). The

Y-axis of the histograms represents the percentage of actively expressed HOX genes over the total number of the HOX genes tested.
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in ameloblastoma samples with respect to tooth germs. Thus, real

time quantification validates the initial detection of HOX gene

expression by RT-PCR.

The immunoreaction of representative ameloblastoma samples

with antibodies against HOXB6, HOXC4, and HOXD9 is shown in

Figure 5. Although with a different degree of nuclear/cytoplasmic

positivity (more nuclear for HOXB6 and nucleo/cytoplasmic for

HOXC4 and HOXD9) the homeoprotein’s staining support mRNA

expression also in conjunction with the functional characteristics of

the markers: HOXD9 is an epithelial determinant, HOXC4 is an

immuno/epithelial related transcription factor and HOXB6 deregu-

lation has been connected to autosomal recessive dysmorfic facies

Fig. 4. Real time expression of locus C HOX genes in ameloblastoma samples. Fold increase or decrease in locus C HOX gene expression in 10 ameloblastomas versus a pull of 10

tooth germ RNAs. All reactions were done in triplicate and data are expressed as mean of relative amount of mRNAs levels.

Fig. 5. Immunohistochemical localization of HOXD9, HOXC4, and HOXB6 homeoprotein expression in ameloblastomas. A: HOX B6 immunoreactivity is almost restricted to

nuclei especially of peripheral located ameloblastoma cells. Immunoreactivity decreases towards the center of tumor cell nests that exhibit a squamous metaplasia and loosening

similar to stellate reticulum. B: Moderate cytoplasmic immunolabeling with anti HOX C4-antibodies. About half of all the nuclei also react with this antibody. Intensity of

staining is stronger in nuclei than in the cytoplasm. C: Strong cytoplasmic anti HOX D9-immunoreactivity in all tumor cells. Although some nuclei are completely negative,

others present nuclear staining, which, however, is much more pronounced in the nuclei of endothelial cells. [Color figure can be seen in the online version of this article,

available at http://wileyonlinelibrary.com/journal/jcb]
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syndrome [Al-Owain et al., 2010]. The previously reported

localization of the HOXB6 and HOXD9 homeoproteins in human

tooth germs, between the 18th and the 24th week of development,

mostly concerned the epithelial tooth compartment [D’Antò et al.,

2006].

To investigate a potential connection between HOX and

cytokeratin expression we detected the real-time mRNA expression

of CKs (CK1, CK2, CK4, CK5, CK7, and CK8) in ameloblastoma

samples versus a pool of the 10 tooth germ RNAs as reported on

Figure 6. CK8 mRNA is actively expressed in both follicular

and plexiform ameloblastoma phenotypes as well as in highly

expressing HOXC keratinized ameloblastoma samples A5 and A6.

CK1, CK2, CK4, CK5, CK6, CK7 mRNAs are only occasionally over-

expressed in our ameloblastoma sample series. Of the two highly

expressing locus C HOX gene ameloblastomas, the sample A5

display the expression of CK2, CK5, CK6, CK7 whereas the sample A6

display low levels of CK1, CK5, and CK7. At protein level, the

staining of the pan-keratin antibody CK22, reported in Figure 7,

confirms the keratin expression in the ameloblastomas of our series.

DISCUSSION

The expression of the HOX gene network, inactive at early phase

development, detectable in human tooth germs between 18 and

24 weeks of development, mostly concerns the epithelial tooth germ

compartment [D’Antò et al., 2006]. Here, detection of the HOX

network expression in human ameloblastomas allows identification

of two molecular identities with respectively low (13–20) and high

(26–27) number of active HOX genes on the network (39 genes).

Most of the differences between the two ameloblastoma types

concern locus C HOX gene expression. Locus C HOX gene harbors on

chromosome 12q13–15 in close proximity to crucial odontogenic

cancer genes such as CDk4, MDM2, and Gli. Furthermore the most

posterior gene of the HOX C locus, HOX C13 transcriptionally up-

regulate hair keratins (CK32, CK35, and CK37) through its binding to

distinct core recognition motifs in the keratin proximal promoters

[Jave-Suarez et al., 2002]. The ameloblastoma samples displaying an

increasing number of active HOX C locus genes (Fig. 1C,D) are,

according to pathologist, both plexiform ameloblastomas, with

incipient keratinization Fig. 1C) and prominent keratinization

including horn pearls (Fig. 1D). The ameloblastoma samples

displaying a low number of active HOX C locus genes manifest

only occasionally keratinizing spindle shaped squamous cells or

focal keratinization. Thus, the ameloblastomas characterized by the

high number of active HOXC genes in the network appear to identify

a heavily keratinized phenotype. In the genome, the organization of

the human keratin genes occur in two gene clusters: one located on

chromosome 12q13.13 and the other on chromosome 17q21.2. Both

the human keratin gene clusters are in physical contiguity to the

Fig. 6. Real time mRNA expression of keratins in ameloblastoma samples. Fold increase or decrease of keratin gene expression (CK1, CK2, CK4, CK5, CK6, CK7, CK8) in 10

ameloblastomas versus a pull of 10 tooth germ mRNAs. All reactions were done in triplicate and data are expressed as mean of relative amount of mRNAs levels.
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locus HOX C on chromosome 12 and to the locus HOX B on

chromosome 17, respectively. The parallel phylogenetic association

of cytokeratin and HOX genes along the human genome evolution

has already been demonstrated [Larhammar et al., 2002]. In

modern biology the physical contiguity of genes often support

an involvement in the same gene program [Misteli, 2004]. On

these bases we postulate an interaction between locus C HOX genes

and keratins in the regulation of gene expression through

the recently reported involvement of keratins in mRNAs transport

[Meng et al., 2008] and protein synthesis [Kellner and Coulombe,

2009]. We hypothesize that the interaction between HOX genes and

keratins acts as a potential epigenetic resetting of epithelial cells.

These mechanisms are functionally integrated in the epithelial tooth

compartment and deregulated along the neoplastic evolution of

tooth epithelium as occurs in human ameloblastomas.

Although the hyper expressing locus C HOX gene ameloblasto-

mas of our series both display a keratinized phenotype, they do not

manifest the same pattern of keratin expression. The sample in

Figure 1C exhibits the highest expression of keratins whose genes

are located in close proximity of the HOX C locus with respect to any

other ameloblastoma. In contrast, Figure 1D sample, that display the

complete activation of locus C HOX genes, exhibits the highest HOX

C13 expression versus any ameloblastoma of our series. According

to the reported role of HOX C13 on the promoter of hair keratins

located on chromosome 17 [Jave-Suarez et al., 2002], the keratin

expression of Figure 1D sample mostly concerns CK22, a pan-CK

cocktail identifying mostly keratins whose genes are localized on

chromosome 17.

The coordinate regulation of locus C HOX genes in ameloblas-

toma suggests the potential presence of a common regulatory

mechanism in this chromosomal area. Recently the characterization

of the transcriptional landscape relative to the four human HOX loci,

at five base pairs resolution, has allowed for identification of a 2.2 kb

ncRNA residing in the HOX C locus, termed HOTAIR, which repress

transcription, in cis along the entire HOX C locus and in trans across

40 kb at 50 end of the HOX D locus [Rinn et al., 2007]. The other part

of the HOX network manifesting altered HOX gene expression in our

comparison between ameloblastomas and tooth germs is indeed

represented by genes located at the 50 end of the HOX D locus on

chromosome 2q31–33. These data are suggestive of the alteration on

genes controlling posterior structures [Tschopp and Duboule, 2011],

as conformed by the repartition of the HOX gene expression in

ameloblastomas according to vertical paralogous groups of

Figure 3B in support of the posterior localization of ameloblastomas

along the mandibular arch.

In conclusion, the HOX gene deregulation described in amelo-

blastomas confirms the role played by HOX genes in the characteri-

zation of the epithelial tooth compartment. Furthermore the physical

contiguity of locus C HOX and keratin genes in the epithelial tooth

compartment together with their deregulation occurring along tooth

epithelial neoplastic transformation suggest the possibility of a

mechanism potentially involved with the epithelial neoplastic

transformation of other organs. This observation is supported by

the already described deregulation of locus C HOX genes in several

types of human carcinomas (bladder, prostate, uterus and kidney)

[Cillo et al., 1992; Cantile et al., 2003a; 2005; López et al., 2006].

Fig. 7. Immunohistochemical staining of CK22 pan-cytokeratin antibody in follicular (A,C) and plexiform (B,D) ameloblastomas. The staining is mostly restricted, in follicular

ameloblastomas to the stellate reticulum-like epithelium (arrows). [Color figure can be seen in the online version of this article, available at http://wileyonlinelibrary.com/

journal/jcb]
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