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Vascular endothelial growth factor-A (VEGF-A) is known lo play an important role in the angioiienic response essential for
tumor growth in a \arict_\ ot human and fxperiniental tumurs. This sludy was designed to invostiizatc v\hether VEGE .A may play a
role in the pathoLiencsis ol recurrent respiratory papilloniatosis (RRP). A retrospective study with institutional review hoard approval
was performed at a tertiary care medical center on 12 patients with a history of laryngeal RRP. Their ages at the time of initial
diagnosis ranged trotn 19 lo % months (tnean. 5(S iimnihs). All paiients had involvement of right and left true vocal cords. All
patients reqtiired multiple endoscopic procedures (range. 4 to 66: mean, 12). Normal pediatric kirynx samples from .S autop.sy pa-
tients were used as conlrols. Eonnalin-fixed. paralTin-emltedded sections of laryngeal squamous papillonias from the 1 2 patients with
adiagnosisot RRP and the? control patients were examined by in situ hybridi/ation for the presence of messenger RN A iniRNAl lor
VEGE .A and vascular endotheliai growth factor receptor 1 (VEGER-I) and \ascular endodieliai grtiuth factor receptor 2 (VEGFR-
2). Thehiopsy specimens were futm Ihe true vocal cord (N = lOt or suhglottisfN = 2) in the patients with RRP and consisted of large
sections of larynx including the true vocal cord in the control patients (N = 5). Strong e.xpression ot VEGP-A niRNA was noted in the
sc|uamous epithelium of papillomas of all I 2 patients. Strtuig expression of VECiFR- [ and VEGFR-2 was noted in the endothelial
cells of the underlying vessels in all 12 patlent.s. Neither strong labeling of VEGF-A mRNA nor labeling of iis receptors was noted in
the control patienls. We conclude that the angiogenic growth taetor VEGF-A is strongly expressed in ihe epithelium of squamous
papillomas in RRP. Also. VEGFR-I and VEGFR-2 niRNAsare strongly expressed hy underlying vascularenduthehal cells, suggesi-
ing an important role in ihc pathogenesis of RRP.
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INTRODUCTION gale whetber VEGF-A may play a role in the patho-
The squamous papilloma is the most common be- genesis of RRP.

niizn neoplasiii ot the larynx in the pediatric popula-
.,on.' This is a disease ot viral causation, mos, com- MATERIALS AND METHODS
monly presenting as recurrent respiratory papilloma- The patients included 12 consecutive children wbo
tosis {RRP). Despite its benign histologic appearance. underwent biopsy of RRP during 2()()() and 2001 at
it bas sigtiiticanl morbidity and occasional moiiality Childreti's Hospital in Boslon. All data wilb respect
due to airway obstruction. Curretiily. no single or to age, gender, initial presentation, lociUion ot" RRP,
combined treatment modalities rcliabK cure this dis- number of surgical procedures, and complications
ease. The management is often difficuit and Irustrat- were reviewed. The biopsy sites were in the true vo-
ing because of a high rate of local recurrence and the cal cord (N = 10) and subglottis (N = 2).
potential for spread of the papillomas to different Tissue sections of normal larynges including both
parts ol tbe lespiiatoiy tract. respiratory and .squamous (true vocal cord) mucosa

In the past decade, there has been a surge of inter- from 5 autopsy patients (7 months to 20 years of age;
est in the role of angiogenesis and different angio- mean, 5 years) without a history of RRP were ob-
genic growth factors in Ihe pathogenesis and tiianage- tained as a control. All specimens were examined
ment of a number of tumors.-^ Vascular endothelial grossly, fixed in lO'̂ f formalin, and embedded in par-
growth factor-A (VEGF-A) is known lo play an im- affin. Five-micrometer-thick sections were stained
portant role in the angiogenic response essential for with hematoxylin and eosin. Immunohistochemical
lutnor growth in a variety of human and experimen- staining for the endothelial marker CD31 (BioGenex
tal tumors.-•'*-^ The goal of this study was lo investi- Laboratories. San Ramon. California) was performed
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\ Fig 1. Squamous papilloma from
larynx shows scjuanious epitheli-
um overlying core of fibrocon-
neclive li.ssue with prominent vas-
culature. A) H & E. original x20.
BICD3I immunostain highlights
endothelium (arrow; original x20).

on paraftin-embedded sections by means of a strep-
lavidin-biotin-based alkaline phosphutase detection
kit (Universal Multi-Species USA Horseradish Per-
oxidase Kit. Signet Laboratories. Dedham. Massa-
chusetts) with liquid DAB-Plus (Zymed. San Fran-
cisco, California) a.s the chromogen.

In situ hybridization was performed on 5-|im par-
affin sections with antisense probes for VEGF-A,
VEGF-A receptors 1 (fIt-1) and 2 (KDR). and con-
trol sense probes. The details of in situ hybridization
have been published previously.'̂  Briefly, slides were
passed through xylene, graded alcohols. 0.2 moI/L
hydrochloric acid; Tris-ethylenediaminetetraacetic
acid (EDTA) with 3 ng/mL proteinase K; 0.2% gly-
cine; 4% paraformaldehyde in phosphate-buffered
saline solution. pH 7.4; 0.1 mol/L triethanolamine
containing 1/200 (vol/vol) acetic anhydride; and 2X
SSC. The slides were hybridized overnight at 50°C
with '̂̂ S-iabeled riboprobes in the following mixture:
0.3 mol/L sodium chloride. 0.01 mol/LTris pH 7.6. 5
mmol/L EDTA. 50% fonnamide. 10% dextran sul-
fate. 0.1 mg/mL yeast tRNA. and 0.01 moI/Ldithio-
threitol. Post-hybridization washes included 2X SSC/
50% formamide/IO mmol/L dithiothreitol at 50°C;
4X SSC/IO mmoi/L Tris/1 mmoI/L EDTA with 20
^g/mL ribonuclease A at 37°C: and 2X SSC/50%
formamide/l 0 mmol/L dithiothreitol at 65°C and 2X
SSC. The slides were then dehydrated through graded
alcohols containing 0.3 mol/L ammonium acetate,
dried, coated with Kodak NTB 2 emulsion, and stored
in the dark at 4°C for 2 weeks. The emulsion was
developed with Kodak D19 developer, and the slides
were counterstained with hematoxylin. The antisense
204 base pair (bp) single-stranded -̂̂ S-labeled VEGF-

A RNA probe and its sense control have been de-
scribed previously.'"The anti.sen.se probe hybridizes
specifically with a region of VEGF-A messenger RNA
(mRNA) common to all known splicing variants. -"̂ S-
labeled single-stranded antisense probes targeted to
VEGF-A receptors I and 2 have been described pre-
viously.^ This study was performed under an Institu-
tional Review Board-approved protocol.

RESULTS

In all 12 patients, the diagnosis of RRP was con-
firmed on the basis of clinical and histopathologic
findings. There were 5 boys and 7 giris. Their ages
at the time of initial diagnosis ranged from 19 to 96
months (mean. 56 months). AH patients presented
with hoarseness. The RRP involved the right and left
vocal cords in all 12 patients, 2 of whom also had
subglottic involvement. There was no tracheal or dis-
tal airway involvement in any patient. All 12 patients
required multiple endoscopic procedures (range, 4
to 66; mean. 12) for debulking the RRP. There were
no complications.

The diagnosis of squamous papilloma was histo-
logically confirmed in all 12 patients. Microscopic
examination showed polypoid fragments of tissue
lined by well-differentiated nonkeraiini/ing squa-
mous mueosa and supported by a fibrovascular stro-
mal core (Fig lA). TheCD31 stains highlighted en-
dothelium, confirming the presence of frequent stro-
mal blood vessels in all cases (Fig IB). In situ hy-
bridization studies were performed on paraffin sec-
tions from 12 patients with respiratory papillomas
for mRNAs of VEGF-A and its receptors. VEGFR-1
and VEGFR-2. Focal strong expression of VEGF-A
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Fig 2. In silu hybridization,
briphl-lield and corresponding
dark-t'ield photomicrographs.
A,B) Va.scularendc)thelial growth
factor-A (VEGF-A) antisense
probe shows epithelial expres-
sion, strongest in suprabasa! lev-
els (arrow). C.D) VEGF-A con-
trol sense probe shovi's no stain-
ing. E.,F) VEGF-A receptor is
seen in endothelial cells (arrow).

mRNA was detected in the squamous epithelium of
the papillomas. Expression of VEGF-A was stron-
gest in the suprabasal levels of the epithelium (Fig
2A.B). No specific labeling was seen with the con-
trol sense probe (Fig 2C.D). Strong expression of
mRNAs for the VEGF-A receptors VBGFR-I and
VEGFR-2 was detected in endothelial cells of the
prominent blood vessels in the librovascular cores
ot the papillomas (Fig 2E.F).

Gross histologic examination of 5 control patients

did not show any evidence of squamous papilloma.
IiTimunohistochemical analysis and in situ hybridiza-
tion studies were performed on the 5 control laryn-
geal biopsy specimens. Neither expression of VEGF-
A mRNA nor expression of its receptors was noted
in any of the control specimens (Fig 3).

DISCUSSION

The incidence of RRP in children is estimated at
U.6to 4.3 per 100.(300 children; approximately 2.350
new cases occur in the United States per year."'-

Fig 3. Control specimen. No ijvidcncc of VEGF-A messenger RNA or its receptors.
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Human papiilomaviru.s (HPV), subtypes 6 and 11, is
most commonly associated with RRP. The HPV DN A
has been identified in virtually all lesions studied.'^
An association between maternal cervieal HPV infec-
tion and development of RRP has been established.'"*'̂
However, the mode of transmission remains contro-
versial, and no study has clearly shown that children
born to mothers with HPV are more likely to develop
RRP. "* The laryn.x is affected in almost all children
with RRP. Papillomas most commonly appear as mul-
tiple irregular and pedunculated masses. Distal spread
to the trachea and bronchi is of major concern be-
cau.se of the difficulty of surgieal removal to provide
a safe and patent airway.

Currently, there is no eonsensus about the best and
most effective single or combined management of
RRP. The most common treatment modality is sur-
gery {earbon dioxide. KTP. or neodyniium:yttrium-
aluminum-garnet laser; cold technique; or tracheot-
omy).'^ Regardles.s of the surgieal method, it is es-
sential not only to provide a safe airway but to pre-
vent complications of scarring, including stenosis and
voice disorders. Because of the aggressiveness of the
disease process, some patients may require adjuvant
medical therapy. The commonly recommended adju-
vant therapies are interferon. photodynamic therapy.
indole-3-carbino!. and cidofovir.'^''^ Despite com-
bined surgical and medical treatments, some patients
continue to have an aggressive disease process that
requires frequent endoscopie evaluation and debulk-
ing of the papillomas to maintain a safe airway.

In the past 2 decades, there has been a surge of
interest in the role of angiogenesis and angiogenic
growth factors in the presentation and management
of solid tumors. The purpo.se of our study was to eval-
uate the role of VEGF-A and its receptors (VEGFR-
1. VEGFR-2) in RRP in the hope of providing in-
sight into the pathogenesis and progression of the
disease.

Historical Perspective. In the late 1970s. Dvorak
et aP""^- discovered a potent vascular permeabilizing
protein with a capacity to increase the permeability
of microvessels to plasma and plasma proteins. This
protein was subsequently purified and given the name
vascular permeability factor (VPF).'^--* In 1989.
Connolly et al--"" reported that VPF not only enhances
vaseular permeability, but also acts as a seleetive mi-
togen for cultured vascular endothelial cells. In the
late 198()s. several investigators isolated an endothe-
lial cell mitogen from pituitary cell cultures and named
this protein vascular endothelial growth factor-A
(VEGF-A).'^-^ Further independent experiments de-
termined that the vascular permeabilizing and the en-
dothelial cell mitogenic activities were mediated by

the same protein, and the term VPF/VEGF was
coined.-^ -'' However, VEGF-A is the term most com-
monly used today.

Mechanism of Action of VEGF-A. Vascular endo-
thelial growth factor-A exerts a variety of effects on
vascular endothelium. It is among the most potent
vascular permeabilizing agents known, with a poten-
cy that is 50.000 times that of histamine.-" After ex-
posure to VEGF-A. the earliest biologieal effect is
increased vascular permeability, which is noted with-
in seconds to minutes.-" An increase in vascular per-
meability to plasma and plasma protein is noted with-
in minutes of VEGF-A injection into normal skin or
other tissues.-" Other, delayed reactions include
changes in endothelial cell shape, migration, adhe-
sion, and altered mRNA and protein expression that
occur hours to weeks after exposure.-"

All of VEGF-A's aetions are mediated by interac-
tion with two high-affinity receptors. VEGF-A recep-
tor-l (VEGFR-1) and VEGF-A reeeptor-2 (VEGER-
2). The fact that both of these receptors are expressed
predominantly on vascular endothelium accounts for
the high selectivity of VEGF-Aon endothelial eells.-'*
Vascular endothelial growth factor-A induces micro-
vascular permeability. leading to the extravasation
of plasma proteins with consequent proangiogenic
stromal changes.-^" '̂'• '̂ Vascular endothelial growth
faetor-A is also an endothelial cell mitogen. and it
alters the synthetic profile of endothelial cells in a
manner that may promote angiogenesis.-^'

VEGF-A ami Angiogenesis. Vascular endothelial
growth faetor-A and its endothelial receptors have
been shown to play a role in a number of normal
physiologic and non-neoplastic pathologic processes
that involve angiogenesis. Overexpression of VEGF-
A mRNA and its receptors is noted in delayed hyper-
sensitivity reactions of both the tuberculin and the
contact allergy type.-'- It has also been shown that
VEGF-A expression increases dramatically during
the wound healing phase.̂ ^ Brown et al^' have shown
that VBGF-A overexpression reaches a peak at 2 days
and persists at an elevated level for 1 week — the
time required for granulation tissue to form. Overex-
pression of VEGF-A and its receptors has also been
shown in retinopathies.'^ rheumatoid arthritis. '-̂  pso-
riasis, and inflammatory skin disorders.^*'

The effect of VEGF-A in the pathogenesis of hu-
man and animal tumors has also been of interest in
the past 2 decades.-'-' Many investigators have shown
overexpression of VEGF-A. both the mRNA and its
prolein products, in kidney and bladder carcinomas.^
adenocarcinomas of the gastrointestinal tract.^ breast
cancer,- Kaposi's sarcoma, and cutaneous angiosar-
eoma.^ It is also known that the endothelial cells lin-
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ing microvessel.s that supply VEGF-A-sccreting tu-
mors themselves show an increased expression of
VEGFR-1 and VEGFR-2.

Because of the overexpression of VEGF-A, there
is an increased microvascular hyperpermeability to
plasma proteins and other circulating macromole-
cules in certain physiologic and neoplastic disorders.
Unlike blood vessels .supplying normal tissue, tumor
blood vessels are undifferentiated. arc distributed un-
evenly., and do not correspond closely to arterioles,
capillaries, and venules.-"-^^-^^ Many investigators
have also shown that vessels supplying different solid
tumors are approximately 4 to 10 times more perme-
able to macromolecules than are the microvessels of
normal tissue.-'• '̂̂ •"^"These findings strongly suggest
that tumor cell expression and secretion of VEGF-A
is responsible for the microvascular hyperpermeabil-
ity characteristic of tumor microvessels.-*'

It has been well documented that the generation
of a vascular stroma is essential for solid tumor
growth.^^' The formation of a vascular stroma in a
solid tumor involves interactions among tumor cells,
endothelial cells, and angiogenic gtowth factors." -̂" '̂
Weidner et aĤ -'̂ -* have shown a correlation between
microvascular density and the prognosis of breast
cancer. Brown et al-'" .studied the role of stimulatory
and inhibitory growth factors in the vascular stroma
formation in breast cancer. They noted strong expres-
sion of VEGF-A mRNA hy tumor cells and strong
expression of VEGE-A receptors in the endothelial
ceils of small vessels in breast cancer.-̂ " They con-
cluded that the formation of the vascular stroma pre-
ceded invasion., thus raising the possibility that tu-
mor cells do not invade the normal breast stroma but
rather invade a richly vascular stroma that has been
induced.-̂ *' They also concluded that the formation

of a vascular stroma might play a role not only in
growth of the primary tumor, but also in invasion
and metastasis.-^"

It is also important to state that many investiga-
tors have shown the effect of other growth factors in
anumberof solid tumors. Myers et aH"'have reported
on the effects of androgen manipulation on epider-
mal growth factor (EGF) receptor and transforming
growth factor-a (TGE-a) in prostatic adenocarcino-
ma. De Luca et aH'' have investigated the role of EGF
in human breast carcinoma and concluded that EGF-
related peptides are involved in the proliferation and
survival of breast carcinoma cells. Bovee et aP have
reported on the expression of fibroblast growth fac-
tor type 2 (FGF-2). EGF. and their respective recep-
tors FGFR-I and EGFR in adamantinoma of long
bone.

This study is the first to evaluate the role of VEGF-
A and its receptors in RRP. Histologically. respira-
tor>' tract papillomas are projections of extremely vas-
cular connective tissue covered by stratified squa-
mous epithelium.'^''The formationof a vascular stro-
ma in RRP is a process that involves complex inter-
actions among tumor cell.s. stromal cells, and endo-
thelial cells. We have found a marked expression of
VEGF-A mRNA and its receptors, which have a di-
rect effect on vascular stroma formation. Our study
provides insight into the process of vascular stroma
formation in RRP and the possible role that it may
play in its progression. A number of investigators
have shown tumor growth suppression by inhibition
of VEGF-A or its receptors in several experimental
models.•̂ ••̂ ^ It is our belief that better understanding
of the role of VEGF-A and its receptors in RRP may
provide valuable insight into the pathobiology of this
disease and may lead to novel therapies.
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