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SUMMARY

Introduction: Juvenile nasopharyngeal angiofibroma (JNA) is a rare fibrovascular tumor of unknown etiology, with

few studies analyzing its pathogenesis.

Objective: Reviewing JNA’s pathogenesis, emphasizing genetic and molecular aspects.

Method: All the relevant articles indexed in PUBMED and LILACS, besides reference book chapters, published

between 1959 and 2007 were reviewed.

Results: The sex selectivity seen in JNA may be explained by intranuclear accumulation of androgen receptor

and beta-catenin, a co-activator which increases the tumor sensitivity to androgynous. The genetic

alterations seen in JNA are most frequently located in sexual chromosomes. A number of growth

factors seem to be related to the tumor pathogenesis. The insulin-like growth factor II is highly expressed

while the vascular endothelial growth factor and the transforming growth factor beta are released by

stromal cells and may influence the JNA’s growth and vascularization.

Conclusion: In spite of the scarce data describing the JNA etiology and pathogenesis, genetic and molecular factors

seem to collaborate to the understanding of the disease’s many clinical and morphological features.

Knowledge regarding these specific issues could contribute for the establishment of potential therapeutic

targets in the future.
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INTRODUCTION

The (JNA) juvenile nasopharyngeal angiofibroma is

a rare neoplasm, of benign histology, that affects almost

exclusively male sex adolescent individuals. It corresponds

to 0,05% of all head and neck tumors and is, however, the

most common nasopharynx benign tumor (1,2). The JNA

is a highly vascularized tumor and its probable original site

is in the upper margin of the sphenopalatine foramen

(1,3). Although it is classified as a benign tumor, the JNA is

a locally aggressive tumor of high morbi-mortality and is

associated to severe consequences, such as intracranial

extension in 10% to 36% of the cases (4). The most solid

basic knowledge regarding the JNA is pursuant to its

histology.

The JNA is a tumor composed of star-shaped

fibrocytes surrounded by a variable stroma of connective

tissue.  The tumor has thin wall vessels similar to lymphatic

vessels that are an obligatory typical statement (1).

Classically, the JNA may have an aspect similar to the

erectile tissue; to a cavernous hemangioma with fibrous

stroma or to a fibromatosis. (1). The central portions of the

tumor are more fibrous with a minor number of vessels that

fuse and form more expanded vessels.  These central

portions have the growth activity in a state of relative

latency (5,6).  Ulcerations are commonly found in the JNA

periphery, the vascularization is more intense and is poor

in terms of fibrous stroma. These peripheral regions

represent the tumor active proliferation and the vessels

assemble those of the granulation tissue (1,5). Such

concentration in tissues suggest a gradient of maturation

from the center to the periphery (5,6).

The JNA size relates to its histological content and

a natural evolution occurs from a more vascular to a more

fibrous tissue. The major tumors have a minor number of

vessels and cells, major fibrous component and a tissue

maturation level. In the other hand, the minor tumors

have a central portion with abundant vessels in

proliferation and capillary hyperplasia (6).  The JNA

vascular and fibrous components present a synchronic

maturation, with regular and progressive change of blood

vessels, and suggest that the tumor has a growth limited

by the vascularization decreasing (5), with possible

involution having been already reported (7). The

noradrenergic fibers are located in the peripheral portions

of the tumor, which may indicate that during surgical

excision, keeping the dissection plan away from its

parenchyma may decrease the bleeding by means of the

local vasoconstrictor innervation maintenance (8).

The JNA histology has been closely related to the

symptoms duration in the disease presentation. Nasal

obstruction, tumor mass presence and facial deformity

have been directly related to the tissue maturation and

inversely to the cellularity (9). As far as epistaxis is

concerned, its duration has shown a direct relation with the

presence of vessels without muscular layer, which suggests

that the JNA hemorrhagic characteristic is more related to

its vessels fragility than to their number (9). Besides, it was

observed that with the fibrous component development

the bleeding trend decreases (9).

Classically the JNA histology has been analyzed

based on the vascular and stromal component only. WENDLER

et. al characterize the tumor inflammatory component

(10). A surprising number of mastocytes was found in the

JNA (14.6% of the cells), in addition to lymphocytes, and

they represent the predominant cellular types (10).

The JNA structure is duly characterized. However,

there is a scarcity of studies that exploit their genetic and

immunopathologic determiners, which would be crucial

for the better understanding of this tumor etiology and

pathogenesis. The present review is intended to exploit

concisely the JNA genetic and molecular aspects, by

remarking physiopathologic aspects that might contribute

for future therapeutic approaches.

METHOD

A bibliographic survey has been carried out, without

deadline, by using books, periodicals and studies accessed

electronically at PBMED and LILACS database. All the

references relevant to the theme found presented

publication date between 1959 and 2007. The terms

chosen for the research were: “Juvenile nasopharyngeal

angiofibroma”, “Juvenile nasoangiofibroma”, “Genetics”, “

Morphology”, “Growth factors”, “Sexual hormones”.

“Juvenile nasopharyngeal angiofibroma”, “Juvenile

nasoangiofibroma”, “Genetics”, “ Morphology”, “Growth

factors”, “Sexual hormones”.

RESULTS

Genetic factors

The genetic determiners involved in the JNA

pathogenesis remain unknown and important

characteristics, such as preference for the male sex

(Picture1A) and aggressive behavior (Picture1B and 1C) do

not have genetic reason completely defined so far. However,

the existence of a selectivity pursuant to sex, the

spontaneous regression in some few patients and the

malign transformation in very rare cases altogether suggest
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the existence of complex genetic mechanisms in its

pathogenesis (11).

The (GSTM1) glutationa-S-transferase M1 gene,

constitutively expressed in the human cells and that has

antioxidant cytoprotector properties, has its loss of

expression associated to smoke and to the development of

malignity in the upper respiratory passages tract. Gautham

and collaborators investigated GSTM1 changes in the

context of non-smoking patients with JNA. The results

showed that three out of eight patients did not express the

GSTM1, representing 37.5% of absence of this gene (12).

The growth factor similar to insulin II (IGFII) is a

protein of stimulatory action for the growth, involved in the

fetal development. The IGFII was detected with increased

expression in 53% of the tumor tissues of patients with JNA.

Such statement suggested that the IGFII gene may be

involved in the JNA tumor obscure genesis (13).  The IGFII

gene expression is one of the targets of the early discovered

genomic imprinting.  The genomic imprinting is an alleles’

selective inactivation process that results in transcriptional

silencing. The IGFII gene undergoes maternal imprinting,

that is, expresses normally only the paternal allele (14).

The loss of imprinting leads to the abnormal biallelic

expression that has been associated with the loss of the

cellular cycle control. In a study investigating IGFII and

H19 gene imprinting losses, a gene also related to the

tumor pathogenesis, the IGFII biallelic expression was

reported in 50% of the JNA studied cases. In addition to this,

an IGFII and H19 overexpression was detected at important

levels (15).

Pioneer recent studies, using the (CGH) comparative

genomic hybridization, showed a number of chromosomal

abnormalities in the JNA. Gains and losses were detected

in autosomal chromosomes and, more frequently, in sexual

chromosomes (16,17,18).

The changes quantity in number of copies is higher

then that of several malign tumors, despite the JNA is

histologically seen as a benign tumor. Losses in the genomic

stability are possibly in connection to these statements and

there are several consensual regions of chromosomal

abnormalities to be evaluated. Amplifications detected in

the AURKA and MDM2 genes, both relating to genomic

instability, were consistent with the chromosomal alterations

found (18).

The combination of the loss of chromosome Y with

the gain of chromosome X is an association found in a

significant way. As each chromosome X expresses almost

invariably one gene for the (AR) androgen receptor, the

gain of chromosome X results in gain of gene AR (17). Such

gain may then explain the histological evidence documented

in the JNA, of AR expression in 75% of the cases (19). The

encounter of two copies of AR gene in JNA cells cores,

along with the presence of AR, remarks the importance of

androgen stimulation in this tumor pathogenesis.

Another recent genetic study using the CGH

technique shows that in the JNA the genomic changes are

characterized mostly by genic gains and not by losses. This

is a possible indicator that the oncogenes activation is more

important than the tumor suppressor genes inactivation

(20).  Specifically, genes of Rab via and proteins of

connection to the retinoblastoma, among others, were

found in several amplified regions and both of them have

their overexpression associated to other tumors. However

the relevance of such statements is not known. Another

important aspect is the confirmation of differences in the

genetic changes between primary and recurrent tumors.

Such differences indicate these cases of recurrent tumors

are actually of new tumors, because a standard of similar

chromosomal aberrations would be expected in case the

recurrent tumors were original from primary residual tumors

(20).

Picture 1. Nasopharyngeal angiofibroma topographic and

surgical aspects.  - (A) Facial deformity in young person with

tumor in the preoperative. (B) Computed tomography: Coronal

cut confirming intracranial invasion. (C) Intraoperative picture

showing the tumor macroscopic aspect. The tumor is indicated

in the pictures by asterisks (*).
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A causal association has been suggested between

the JNA and the (FAP) familiar adenomatous polyposis

syndrome (21,22). This syndrome is a dominant autossomal

condition characterized by several adenomas in the

gastrointestinal tract, trend for the development of

adenocarcinomas and extraintestinal manifestations. (23)

JNA is supposed to be one of the FAP’s extracolonic

manifestations, with JNA occurring in a frequency up to 25

times higher in patients with this syndrome (21).

FAP results of germinative line mutations to the

(APC) Adenomatous Polyposis Coli gene, locating in the

chromosome 5q. This APC gene product, a tumor suppressor

protein, is responsible for the β-catenine levels infra-

regulation, among other factors. In a patient with FAP and

JNA association, APC genes mutations were described,

mainly in the tumor stromal cells. These data reinforce the

suspicion that the JNA is one of the several FAP

manifestations (24). Searching for explanations for the JNA

pathogenesis also in the via APC/ β-catenine, an analysis

was made of mutations involving such genes and their

products in this tumor context. β−catenina intranuclear

accumulation was detected in the major part of the JNA

studied. Despite APC gene mutations were not found,

β-catenine gene high frequency mutations were found in

most tumors (25). Some of these mutations are known to

interfere with the β-catenine degradation, and therefore

they may be involved in its intranuclear accumulation.

(25,26,27). β−catenine is a signalizing protein that interacts

with the androgenic signalization, connects selectively to

the AR, and is translocated  to the nucleus as part of this

complex. Such translocation to the nucleus depends on the

presence of 5α-dihydrotestosterone, and is a specific

function of the AR. The β−catenine also acts as a coactivator,

modulating the AR-dependent genes genic transcription.

Because it is only found in the stromal cells and not

in endothelial cells or plain muscle cells, the β−catenine

intranuclear accumulation suggests that this tumor key

neoplasic element is the stromal component. In addition,

in the same study, the genetic changes comparison in

primary and recurrent tumors revealed identical mutations,

which is against data mentioned previously. Such statements

confirm the JNA definition as a real neoplasm (25,26).

p53 is a tumor suppressor gene and Her-2/neu is an

oncogene that are located in the chromosome 17 and that

also had their role in the JNA investigated. Both have

changes in their expression, as for instance mutations in

p53 gene and overexpression of Her-2/neu, relating to

several tumors. p53, also called “molecular policeman” for

its DNA lesion response actions, has undergone losses in 5

out of 7 JNAs analyzed, and no amplifications were noted

in any case (28). The oncogene Her-2/neu, which appeared

exercising independent stimulation over the AR in the

prostate cancer context, had losses detected in similar

quantities, without amplifications. However, such losses

were not associated in a significant manner to the decreases

in the mRNA levels to p53 or Her-2/neu, otherwise an

increase was found in the levels of mRNA to p53 (28). It

is possible that such incongruence is only apparent, because

the interferences in the via of p53 by β−catenine are

known. Taking into account the importance of β−catenine

in the JNA, the p53 gene losses found may indicate a loss

of its protecting function in this tumor context.

Another gene that has been investigated in the JNA

is the prooncogene MYC, which has disorders in its expression

as a cause for alteration in the proliferation, growth and

cellular metabolism, and is associated to a large range of

malignity. Heterogeneity was observed in advanced JNA,

associated with C-MYC expression increase.  The expression

increase was qualified by increased levels of mRNA and by

this protooncogene’s protein (29). Therefore, the regulation

above C-MYC may be connected with more aggressive

growing phenotypes in the JNA. This is restated because

interactions between C-MYC, β−catenine and AR were

described in the neoplasic growth context in the prostate.

β−catenine takes active part in the MYC prooncogene

regulation and AR can connect to a responsive element in

C-MYC. Thus, the C-MYC deregulation in the JNA is one

more index in favor of the androgenic stimulation

dependency this tumor has.

Mutations in ras family genes, Ki-ras and Ha-ras,

already associated to smoking and several malign neoplasms,

have not been connected to the JNA pathogenesis (30),

nor to that of other head and neck tumors (31).

Molecular factors

Too little is known about the growth factors involved

in the JNA pathogenesis, and its initiation and progression

mechanisms are not very well known. However, their

unique characteristics indicate that the growing factors

involved are part of a complex interactions net, which

includes cytokines, hormones and other mediators.

The (TGF−β) transformer of growth factor â is a

polypeptide growth factor produced by many cellular

types, such as fibroblasts, endothelial cells and macrophages.

Its role in the neoplasic pathogenesis is complex, and

exercises cellular cycle regulation functions, healing and

angiogenesis induction. The TGF-β signalization path is

associated to the aggressivity increase in many kinds of

tumor (32). In a study using immunohistochemistry, the

presence of TGF−β1 was shown activated in the nucleus,

cytoplasm of stromal cells and capillary endothelium in

100% of 19 JNA’s studied (33).
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As already stated previously, a growth factor that

seems to be involved in the JNA pathogenesis is the IGFII,

for its significant overexpression in this tumor, along with

other factors such as the (PDGF) platelet derivate growth

factor, but without the same expression level (13). In the

other hand, the IGF-1R, an IGF receptor associated to the

tumorigenesis, was not detected in the JNA, and new

studies are necessary in search of a better understanding of

the real role of the IGF in the JNA (26).

A c-Kit and (NGF) nerve growth factor high pressure

was detected by immunohistochemistry in the ANJ stromal

cells, compared to nasal polyp tissues (26). High levels of

c-Kit (CD117), a protein with tyrosine kinase action of the

PDGFR (platelets derivate growth factor receptors) family,

have already been related to other tumors. High levels of

c-Kit found in the JNA make this protein a possible

therapeutic target of tyrosine kinase specific inhibitors The

other growth factor found in significant way, the NGF,

seems to exercise influences in the angiogenesis, and in

the differentiation and mastocytary function, which gains

relevance considering the already reported large quantity

of this cells in the tumor (10).

(FGFb) basic fibroblast growth factor was another

mitogen factor detected in the JNA, and was associated

with its pathogenesis (34). This factor has a stimulatory

action known over the endothelial, muscular and fibroblast

cells, and is implied in the processes of tissue remodeling,

apoptosis, healing, angiogenesis and in the tumor growth.

Like any other solid tumor, the JNA depends on the growth

of vessels that offer intake to its proliferation and growth,

which justifies the search for proangiogenic growth factors

in its pathogenesis.

The high JNA vascularization, confirmed by

immunohistochemistry, is directly related to the (VEGF)

vascular endothelial growth factor. The VEGF is expressed

specially in the stromal cells and JNA vessels and is

associated to the proliferation and high vascular density of

the tumor regions (35).  However in this study no correlation

was found between the tumor size and its vascularization.

Therefore the VEGF expression in the JNA is connected to

the larger vessels density, but not necessarily to their

aggressivity (35). The larger vessels density in the JNA is

also connected to the increased levels of other growth

factors, such as bFGF and TGF−β, and to the VEGF

receptors expression. These statements may help explain

the excessive stromal growth peculiar characteristics and

high JNA vessels density. In addition, the releasing inhibition

and function of these growing factors is a possible

therapeutic target for certain cases of JNA (36). In another

large series, twenty four cases out or twenty seven had a

VEGF significant marking, while the TGF-beta marking

was found in fourteen cases and both could exercise a role

in the tumor pathogenesis by the promotion of angiogenesis

and cellular angiogenesis (37).

Another important confirmation in the study by

Schuon et al. is that the Hif-1α expression, a molecule

relating to the VEGF way and to the state of hypoxia, was

shown in stromal cells and JNA vessels (36). This local

hypoxia marker may indicate the presence of non-functional

vessels. Therefore the high vessels density in the JNA does

not mean necessarily a due oxygen tissue offer (36).

The JNA characteristic manifestation in male sex and

young people, in a period of great hormonal influence, has

always raised suspicion about the role of sexual hormones

in its pathogenesis. Since an abnormality in the hypothalamic

axis was proposed by SCHIF (38), as a JNA pathogenesis

theory, the expression of hormonal receptors in the JNA

has already been the purpose of many studies. FARAG and

his collaborators showed specific androgen receptors in the

JNA with major affinity with dihydrotestosterone than with

testosterone (39). In the JNA, anti-androgenic agents like

flutamide may reduce the growth rate of the JNA in vitro

(40), and besides the androgen receptor, other steroid

receptors have already been detected (39,41). However,

no changes are found in the sexual hormones serum levels

(39,42) nor changes in the JNA patients sexual maturity.

More recently, the tumor definition as dependent on

androgenic has been questioned (43), which can help

explain the unconcluded results and the unpredictability of

treatment with anti-androgenic (44,45).  In spite of the

existing controversy, the hormonal stimulation means

remains a JNA therapeutic possible target. New clinical

trials are required so that the real relevance of this approach

is defined (46).

DISCUSSION

The extensive knowledge about the pathology of

JNA began to be established some decades ago, with the

description of classical morphologic statements. The tumor

histology and microstructure have been more recently

clarified (see general aspects of microscopy in Picture 2).

Despite the advances in the field of anatomopathologic

description, there are a few studies concerning the JNA

molecular and genetic aspects. Most investigations about

the JNA genetics leads to results unconcluded or that do not

add too much information to the existing knowledge about

the tumor. The nuclear accumulation of β−catenine, an

androgenic receptor coactivator, may be responsible for

the almost exclusive male sex selectivity. This explanation

is consistent with the statements of hormones serum levels

in patients with JNA.

For the growth and metastasis of solid tumors,
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angiogenic growth factors are essential. The JNA

development seems to be influenced by VEGF, TGF−

β1and IGFII, but the real production stimulus of these

mediators have not yet been clearly defined. The possible

therapeutic consequences of these statements are also

unknown.

To theory about the JNA pathogenesis could have

explained if the initial event of its development occurs in

the endothelium or in the tumor stroma. Therefore, there

are additional challenges in the JNA immunopathogenesis

understanding, such as the phenotypic study of in situ

antitumoral immune response. The genetic changes study

in primary tumors is necessary through “high-throughput”

techniques with correlate genes grouping real time

expression analysis for the detection of possible recurrence

increased risk predictors.  Such predictors will be able to

help in the patients follow-up after surgical removal.

FINAL CONSIDERATIONS

There are several controversies regarding the JNA

pathogenesis. However, even partially, genetic and

molecular factors may explain the tumor aggressive and

angiogenic characteristic in addition to its sex-related

selectivity.
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