
Summary. We aimed to develop a chick embryo
chorioallantoic membrane (CAM) model of recurrent
respiratory papilloma (RPP) and to evaluate its
morphological and morphometric characteristics,
together with angiogenic features. 

Fresh RRP tissue samples obtained from 13 patients
were implanted in 174 chick embryo CAMs.
Morphological, morphometric, and angiogenic changes
in the CAM and chorionic epithelium were evaluated up
until 7 days after the implantation. Immunohisto-
chemical analysis (34βE12, Ki-67, MMP-9, PCNA, and
Sambucus nigra staining) was performed to detect
cytokeratins and endothelial cells and to evaluate
proliferative capacity of the RRP before and after
implantation on the CAM. 

The implanted RRP tissue samples survived on
CAM in 73% of cases while retaining their essential
morphologic characteristics and proliferative capacity of
the original tumor. Implants induced thickening of both
the CAM (241-560%, p=0.001) and the chorionic
epithelium (107-151%, p=0.001), while the number of
blood vessels (37-85%, p=0.001) in the CAM increased. 

The results of the present study confirmed that chick
embryo CAM is a relevant host for serving as a medium
for RRP fresh tissue implantation. The CAM assay
demonstrated the specific RRP tumor growth pattern
after implantation and provided the first morphological

and morphometric characterization of the RRP CAM
model that opens new horizons in studying this disease.
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Introduction

Recurrent respiratory papilloma (RRP) is the most
common laryngeal tumor of a benign origin. The
incidence rate of RRP is 4.0-4.3 per 100,000 children
and 1.8-2.0 per 100,000 adults in the USA; and 0.24 per
100,000 children aged 14 years and younger in Canada.
In Denmark, the overall incidence is estimated at 3.84
cases per 100,000 inhabitants (Goon et al., 2008;
Campisi et al., 2010; Larson and Derkay, 2010). The
main etiological factors that are responsible for it are
thought to be human papilloma virus (HPV) of the types
6 and 11 along with the types 16 and 18 (Xue et al.,
2010; Fusconi et al., 2014). Histologically RRPs
manifest with multiple “fronds” or finger-like
protrusions with a central vascularized connective tissue
core that is covered with stratified squamous epithelium
(Derkay, 1995).

The main clinical characteristic of RRP is the
presence of exophytic squamous wart-like lesions in the
upper respiratory tract (Avelino et al., 2004; Silverman
and Pitman, 2004; Katsenos and Becker, 2011). The
vocal folds usually become the first and remain
predominant site of papilloma lesions, leading to
dysphonia as the main initial symptom rather rapidly,
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which usually is complemented with stridor. The
extralaryngeal spread of papilloma with parenchymal
lung involvement is described in 1-7% of RRP cases
(Abe et al., 2006). Despite the benign nature, RRP can
carry a considerable morbidity due to multiple
recurrences, unavoidable hospitalizations for its surgical
removal, and occasional mortality as these lesions have a
tendency to grow and extend throughout the entire
respiratory tract, causing severe airway obstruction: RRP
can present as a life threatening condition if the upper
airways are obstructed with papillomata (Derkay, 1995;
Adebola and Dunmade, 2013; Fusconi et al., 2014).
Moreover, it is believed that lung involvement with RRP,
when present, is invariably fatal within 10 years and can
be associated with increased risk of malignant
transformation (Gelinas et al., 2008).

The disease distinguishes itself in bimodal age
distribution. The first peak is observed in children
younger than 5 years and the second is in patients
between 20 and 30 years of age (Silverman and Pitman,
2004). The natural history and clinical course of RRP is
highly variable and unpredictable, although the juvenile
form of the disease tends to be recurrent in nature and
more aggressive in character (Adebola and Dunmade,
2013). Some of the patients experience spontaneous
remissions and some of them have aggressive lesions
requiring multiple surgical procedures over a period of a
few months (Silverman and Pitman, 2004). Those
patients who are diagnosed with RRP younger than 3
years of age are 3.6 times more likely to have more than
four surgeries per year and are almost two times more
likely to have multiple anatomic sites affected than the
older ones (Silverman and Pitman, 2004; Gelinas et al.,
2008; Fusconi et al., 2014; Omland et al., 2014). 

Generally, RRPs are associated with some risk (3-
12%) of malignant transformation (Derkay, 1995; Uloza,
2000; Hobbs and Birchall, 2004; Lin et al., 2010), but
the evidence of HPV role in carcinogenesis of head and
neck region is rather controversial. However, recent
research and systematic review of case-control studies
indicate an increase of the risk for laryngeal squamous
cell carcinoma in cases with evidence of HPV infection
(Hobbs and Birchall, 2004; Baumann et al., 2009; Lin et
al., 2010; Torrente et al., 2010).

Although many treatments have been tested in
clinical practice, no single or combined or adjuvant
therapy is recognized to be consistently effective in
curing RRP: presently this disease is considered to be
incurable (Derkay, 1995; Fusconi et al., 2014; Omland et
al., 2014). 

Obviously, an adequate in vivo experimental model
is needed for elucidating mechanisms of growth and
distinct spread of papilloma and for the development of
a cure. Unfortunately currently such models are lacking,
and there is an urgent need for their development. 

Although there are few studies that are devoted to
the development of mammalian models of HPV induced
papilloma, they all fall short of becoming a generally
acceptable in vivo experimental model. For example,

results of experimental studies using in vivo HPV-6
induced mouse skin model demonstrated that increased
angiogenesis and elevated expression of matrix
metalloproteinases may play a role in the formation of
experimentally induced papilloma and in the progression
from papilloma to carcinoma (Bolontrade et al., 1998;
Weeks et al., 2001). Peng et al. used a mouse model to
characterize HPV-11 specific immune responses (Peng et
al., 2010). Ahn et al. in 2015 reported the first successful
case of serial xenografting of a HPV caused tracheal
papilloma using in vivo mouse model suitable for
therapeutical drug testing in RRP (Ahn et al., 2015). 

We propose that the chick embryo chorioallantoic
membrane (CAM) assay could effectively serve as a
basis for the development of such model. Utilizing the
patient-derived xenograft in chick embryo, CAM model
provides several advantages, such as retaining the
original morphology of human tumors and providing
more accurate representation of complex biology of the
tumor (Xiao et al., 2015).

The chick embryo develops 21 days until hatching.
On days 4 to 5 of egg incubation the CAM is formed as
a consequence of fusion by two mesodermal layers of
allantois and the chorion (Vargas et al., 2007). An
extremely rich vascular network, with the intricate
capillary plexus, develops in this double layer. Between
incubation days 8 to 11, the chick embryo CAM reaches
its maximum vascularization potential (Ribatti, 2010).
The angioproliferative potential of the CAM, as well as
revascularization of transplanted tissues is more likely to
happen on these days (Borges et al., 2003). In addition,
the great advantage of the CAM is the absence of B and
T lymphocytes’ mediated immune response, till the late
stages of incubation. However, the two major cell types
that represent nonspecific inflammatory reaction, namely
heterophils and monocytes, are detected on day 10 of
egg incubation (Vargas et al., 2007; Deryugina and
Quigley, 2008a). After the chick embryo becomes
immunocompetent, both acute and chronic inflammatory
responses of the CAM to biomaterials become similar to
the mammalian (Valdes et al., 2002). Furthermore,
investigations of chicken genes have complemented the
advantages of CAM model. Chicken genes have a single
human orthologue of about 60%, and reveal lower
sequence conservation (75.3%) than rodents and humans
do (88%). This makes the use of the chick embryo CAM
model for research purposes more appealing than the
rodent based model (Vargas et al., 2007). Moreover, the
tumor tissues grafted on the surface of the chick embryo
CAM grow much faster than in mammalian models
(Vargas et al., 2007). 

Furthermore, the chick embryo CAM model is
simple, low cost and less time consuming as compared
with rodent model (Vargas et al., 2007). Investigation on
the CAM begins and ends before hatching, i.e. in the
period when chick embryos are thought to be insensitive
to pain. Therefore, no special permission from the
Animal Rights Protection Committee is needed.
Moreover, in June 2006 the United States Food and
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Drug Administration considered the chick embryo CAM
model to be an alternative for preclinical testing (Vargas
et al., 2007; Ribatti, 2010). 

To the best of our knowledge, CAM assay for
investigation of RRP growth and spreading features has
never been implemented. In our earlier study
(Kuzminiene et al., 2011) we suggested implanting fresh
RRP samples onto the chick embryo CAM, expecting
the tumor to remain viable with its main histological
features. In this study we aimed to develop experimental
RRP model on a chick embryo CAM for the tumor
growth and angiogenesis research. 
Materials and methods

Incubation and egg opening

Fertilized hen eggs (Cobb-500) were obtained from
the local hatchery (Dovainoniu Paukstynas, Lithuania).
The eggs were incubated for three days at 37.7°C and
59-60% relative humidity with permanent ventilation
and rotation. After 72 hours of incubation the shells were
sterilized with 70% ethanol solution. Using the modified
false air chamber technique, the air chamber was
punctured (Ribatti et al., 1996). Two milliliters of
albumen were removed in order to detach the developing
embryo from the shell. An oval window of
approximately 1.0 cm across was opened on the top of
the shell using a high speed drill (Fig. 1A). Those eggs
with the embryos that showed no signs of local bleeding
were sealed with sterile tape and further incubated till
RRP tissue implantation under the same conditions but
without rotation.
RRP tissue samples

Fresh RRP tissue samples were obtained from
patients who underwent endolaryngeal surgery at the
Department Otorhinolaryngology, Lithuanian University

of Health Sciences (LUHS). Histopathological diagnosis
of RRP was proven at the Department of Pathology,
LUHS. The resected RRP tissue samples of at least
0.5x0.5x0.5 cm in size were transported to the laboratory
of the Department of Histology and Embryology, LUHS,
in isotonic saline solution at ambient temperature (18-
20°C). Thirteen patients’ RRP tissue samples were
implanted on the chick embryo CAMs, resulting in 174
CAMs with RRP implants (Fig. 1B,C).

All the experiments in the present study were
performed in accordance with the principles outlined in
the Declaration of Helsinki and approved by Kaunas
Regional Biomedical Research Ethics Committee (P1-
BE-2-34/2007). Histologically confirmed RRP tissue
samples were acquired in accordance with the protocol
approved by the Institutional Review Board of LUHS.
Written Informed Consent was obtained from the
patients before the surgery and patients’ identifiers were
removed to ensure anonymity.
RRP tissue implantation onto the CAM

The RRP tissue implantation was performed on day
7, 8 or 9 of eggs’ incubation when the CAM with a
decent vascular network is suitable for experiment. Each
sample of the transported RRP tissue was sliced into
small pieces of about 8.0 mm3 in volume. Tumors
prepared this way were gently placed on the upper
surface of the CAM (1 piece per egg) as described by
Cushman et al. (2002). 
Angiogenesis visualization and tissue sampling for
histology

The grafted RRP tissues were allowed to grow on
the CAM up to 5, 6 and 7 days. Afterwards, 10 µl of a
20 mg/ml 70- kDa fluoresceinated anionic dextran
(Eugene, OR, USA) in phosphate-buffered saline (PBS)
was injected into the biggest apparent vessel of the CAM
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Fig. 1. Macroscopic view of the windowed egg and chorioallantoic membrane just before the implantation and with xenograft in place. Macroscopic
views of the windowed egg and chorioallantoic membrane just before the implantation (A), and of different RRP implants on day 9 (B) and day 12 (C) of
incubation. Arrows indicate margins of the RRP implants. B, C, x 3,2; scale bar: 1mm.



as described by Marcus Brandt et al. (2007). The micro-
vascular network of the CAM with the RRP implant was
evaluated with OLYMPUS SZX 16 stereomicroscope
(Olympus Life Science Europa GmbH, Hamburg,
Germany). 

Eggs with the live embryos were opened and live-
fixed in the 10% formalin solution two to seven days
after the tumor implantation. CAMs with the adhering
RRP tumors were excised and fixed in 10% formalin for
48 hours. Sixteen CAMs which proceeded under the
same protocol but without RRP implantation constituted
the control group. Each CAM was excised around the
adhered RRP at the distance of about 1.0 cm from the
implant and embedded in paraffin. Afterwards, the
paraffin blocks were sliced 3.0 µm thick perpendicularly
to the surface of the CAM and stained with hematoxylin
and eosin for histological and morphometric
examination. Histological evaluation of the samples was
performed with the cold light microscope OLYMPUS
BX40F4 (Olympus Opticae co. LTD., Japan) under
magnification of 10x employing the CellSensDimention
1.9 Digital Imaging Software for Research Applications
(Olympus Corporation of the Americas, USA). 
Immunohistochemistry 

For immunohistochemical examination, the 3.0 μm
thick sections of formalin-fixed paraffin-embedded
CAMs with RRP implants were mounted on poly-L-
lysine coated glass slides and kept at 60°C for 24 hours.
Tissue sections were dewaxed with xylene and
rehydrated with ethanol followed by PBS washes. The
sections were pre-treated with EN-VISION™ FLEX
Target retrieval solution, low pH for matrix
metalloproteinase-9 (MMP-9), and high pH for high
molecular weight cytokeratins (HMW CK), Ki-67 and
proliferating cell nuclear antigen (PCNA) by heating in a
pressure-cooker and then treated with endogenous
peroxidase blocking solution. Afterwards the slides were
incubated: 1) with anti-cytokeratin monoclonal
antibodies (clone 34βE12, dilution 1:100) for
identification of HMW CK, as cytokeratin is the marker
for laryngeal epithelial cells, 2) with mouse monoclonal
anti-human antibody for Ki-67 (clone MIB-1, dilution
1:50) to detect proliferating tumor cells; 3) with mouse
monoclonal antibodies for anti-PCNA, clone PC10 - to
identify nuclei of all proliferating cells; and 4) with
purified rabbit anti-MMP-9 polyclonal antibodies (NB-
P1-72189, dilution 1:100). The latter antibodies were
purchased from Novus Biologicals (Littleton CO, USA),
the previous three - from Dako A/S (Glostrup,
Denmark).

Detection of antibodies using commercially
available kits EnVisionFlex+Mouse (Linker) and
EnVisionFlex/-HRP (both from Dako) was performed
following the protocols of the provider. Sites of enzyme
activity were visualized using 3,3’-diaminobenzidine
tetrahydrochloride (DAB) chromogen solution (Dako,
Denmark). Sections were counterstained in weak
Mayer’s hematoxylin, dehydrated, cleared and mounted

for light microscopy.
For visualization of CAM blood vessels, formalin-

fixed and paraffin embedded tissue samples were
prepared as for immunohistochemistry. Sections were
rehydrated as previously described and pre-treated with
streptavidin/biotin blocking kit (Vector, USA). In order
to highlight the endothelium of blood vessels in chick
embryo CAM, slices were stained with 10 μg/ml
biotinylated Sambucus nigra bark lectin (Sambucus
nigra agglutinin, SNA) (Vector, USA), which
specifically binds to chick endothelium (Brand et al.,
2007). The Vectastain Elite ABC kit (Vector, USA) was
used to detect biotinylated molecules. Enzyme activity
sites were visualized using DAB chromogen solution
(Dako, Denmark). Sections were counterstained in
Mayer’s hematoxylin, dehydrated, cleared and mounted.
As a result, the chick blood vessels appear brown
colored under the light microscope. 
Histomorphometric analysis

Histomorphometric evaluation of the CAM with the
RRP implants was performed on the images taken with
Olympus digital camera (Olympus U-CMAD3,
Philippines). For accurate morphometric analysis, each
of 4 non-serial sections of experimental CAMs was
divided into 5 sight fields (SF). 

The location under the RRP tumor implant was
defined as central or 1st SF, the 2nd and 4th SFs were the
neighboring sites, the 3rd and the 5th - were distant SFs,
accordingly. To estimate the effect of RRP implants on
the chick embryo CAM, we have measured thickness of
the CAM itself and thickness of chorionic epithelium in
all 5 SFs. The number of SNA stained blood vessels
(bigger than 8.0 µm in diameter) was counted per
constant length of the CAM section in central and
neighboring SFs. The control CAMs were measured
following the same protocol, except that there were five
random SFs determined.
Statistical analysis

IBM SPSS Statistics for Windows, Version 22.0
software (Armonk, NY: IBM Corp.) was used for
statistical analysis. Data presented as mean ± standard
deviation (SD). Student t-test was used for the
comparison of the means for two independent groups.
The significance level of 0.05 was chosen for testing
statistical hypotheses. The size of the difference between
the means of the groups was evaluated by estimation the
Observed Power of the tests. The size of the difference
was considered to be significant if Observed Power >0.8
as I type error α=0.05.
Results

Visualization of angiogenesis with fluorescein 

In vivo, biomicroscopy of the CAMs’ microvessels
filled with fluoresceinated anionic dextran revealed
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evident vascularization of the RRP tumor implant. Only
few blood vessels that were oriented towards the implant
were observed on the 5th day after the RRP implantation;
hence at that time tumor grafts have not been penetrated
by the host vessels as the fluorescence of the implant
was not distinct (Fig. 2A). A visible change in tumor
reperfusion by chicken embryo blood vessels was
noticed during the next two days: on the 6th day after the
implantation the tumor graft showed increased
fluorescence, and on the 7th day it was as bright as the
blood vessels of the CAM (Fig. 2B). 
Microscopic characteristics of the implanted RRP and
the chorionic epithelium

Those RRP tissue samples that have adhered to the
experimental CAMs (in 73% of cases) starting from the
first day after implantation, were noticed to be
surrounded with a zone (1.0-2.0 mm wide) of edema. A
crawling film (a spreading amorphous newly formed
layer of acellular composition), containing newly formed
multiple papilloma sprouts, appeared starting from the
second day of implantation, on the surface of the CAM,
resembling “starry sky” (Fig. 2C). The area of the
crawling film as well as the number of sprouts increased
each day that followed implantation. However, we did
not detect signs of RRPs’ ingrowth into the CAM’s
mesodermal layer of any of 174 CAMs (Fig. 2D,E). The
mesodermal core of the CAM contained increased
numbers of heterophils that started to appear on the
eleventh day of incubation (Fig. 2E,F).

Histological evaluation revealed that cells of the
implanted RRP tissue retained their vitality until the end
of experiment, i.e. up to 7 days after implantation. The
implanted papilloma and the newly formed tumor
sprouts consisted of epithelial cells with big nuclei. 

The chorionic epithelium, that was located
immediately below the tumor implants and under the
sprouts, showed acanthotic, squamous stratified,
parakeratotic and slightly papillomatotic character
without signs of dysplasia or koilocytes (Fig. 2E,F).
Some of the newly formed RRP tumor sprouts were
observed to induce hyperplastic proliferations and
finger-like protrusions of the chorionic epithelium into
the well-vascularized loose connective tissue core of the
CAM, starting from the 2nd day of implantation (Fig.
3A). The apparent vascular orientation towards the RRP

tissue was observed in the hematoxylin and eosin stained
slides. After 2 to 3 days, few penetrations of the host
vessels with nucleated erythrocytes inside were found in
the RRP tissue implant. Reperfusion of RRP implant by
chicken embryo blood was also confirmed by detecting
SNA stained blood vessels in the implant (Fig. 3B).
Immunohistochemical characteristics of the RRP after
implantation on the chick embryo CAM

Immunohistochemistry with HMW CK 
The RRP tissue and the newly formed sprouts

contained HMW CK positive cells, indicating the
epithelial origin of the growing tumor. Moreover, the
amorphous, newly formed layer originating from the
implanted RRP tissue and spreading over the chorionic
epithelium also showed mild affinity to this antibody
(Fig. 3C). Epithelial tissues of the CAM were also
positive for HMW CK.

Immunohistochemistry with Ki-67 and PCNA
The proliferation of tumor grafts cells was

demonstrated by staining for Ki-67 (Fig. 3D). The newly
formed papilloma sprouts, which were positively stained
for HMW CK, showed positivity for Ki-67 and for
PCNA as well (Fig. 3E,F). 

Immunohistochemistry with MMP-9
An evident immunostaining with anti-MMP-9 was

observed in the areas directly under both the RRP
implant and the papilloma sprouts. MMP-9 positive cells
featuring chick blood heterophils were noticed around
the CAM blood vessels (Fig. 4A,B). The basal layer of
CAM epithelium, as well as CAM blood vessels, were
also positive for MMP-9.
Morphometric characteristics of chick embryo CAM after
RRP implantation

The results of morphometric study of chick embryo
CAM and chorionic epithelium are presented in Tables 1
and 2. Overall, both the chick embryo CAM itself and
the chorionic epithelium were affected by RRP tissue
implants, causing significant thickening of these
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Table 1. Mean thickness of the CAM under RRP implant: experimental vs. control group.

RRP group Control group Difference
Days after RRP implantation Mean μm SD Mean μm SD μm % P-value Observed Power*

2nd day 175.4 72.8 37.2 12.4 137.8 370 < 0.01 1.00
3rd day 245.4 194.7 37.2 12.4 208.2 560 < 0.01 0.99
4th day 126.9 24.8 37.2 12.4 89.7 241 < 0.01 1.00

RRP, recurrent respiratory papilloma; SD, standard deviation. *: Computed using α=0.05.
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Fig. 2. In vivo bio-microscopy and histological appearance of experimental CAMs. In vivo bio-microscopy of the CAM: weak fluorescence of RRP
implant day 5 (arrow) (A) and bright fluorescence of RRP implant day 7 (arrows) (B); implanted RRP and a crawling film with newly formed
nodules/sprouts - “starry sky” (C). The acanthotic, squamous stratified parakeratotic and slightly papillomatotic chorionic epithelium of the CAM
(hematoxylin and eosin) under the RRP implant (D) and the newly formed nodules/sprouts (E, F). E, F also show numerous heterophils (arrows) around
blood vessels. Scale bars: A, B, 1 mm; C, 500 μm; D, E, 200 μm; F, 50 μm.
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Fig. 3. Histology, immunohistochemistry with HMW CK, Ki-67 and PCNA and histochemistry with SNA in experimental CAMs. Finger-like protrusions of
the chorionic epithelium (arrows) into loose connective tissue core of the CAM under the newly formed papilloma nodule/sprout (A); SNA stained blood
vessel in the papilloma implant (arrow) (B); HMW CK positive cells (arrows) in newly formed papilloma nodule/sprout (C); implanted papilloma tumor
cells positive for Ki-67 (arrows) showing proliferative capacity (D); the newly formed papilloma nodules/sprouts, which were positively stained for HMW
CK showed positivity for Ki-67 (arrows) (E) and for PCNA (arrows) (F). PCNA positive cells in the CAM (arrowheads) (F). Scale bars: A, 200 μm; C, E,
F, 100 μm; B, D, 50 μm.



structures. Table 1 presents mean thickness of chick
embryo CAM on the second, third, and fourth days after
RRP implantation.

As follows from Table 1, CAMs under the RRP
implants were up to 560% thicker as compared with the
controls. However, there was no significant difference

(p>0.05) among the thicknesses of the CAMs two, three
and four days after the RRP implantation. 

The mean thickness of chorionic epithelium under
the RRP implant was statistically significantly higher
compared with the control group (p<0.01), (Table 2).

As shown in Table 2, the chorionic epithelium of the
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Fig. 4. Immunohistochemistry with MMP-9 and histochemistry with SNA of experimental and control CAMs. MMP-9 positive cells around the CAM
blood vessels (arrows) (A, B); increased density of capillary network under the RRP implant (C); the control CAM (D). C, D. CAM blood vessels
revealed with SNA (arrows). Scale bars: A, C, D, 100 μm; B, 50 μm.

Table 2. Mean thickness of the CAM epithelium under RRP implant: experimental vs. control group.

RRP group Control group Difference
Days after RRP implantation Mean μm SD Mean μm SD μm % P-value Observed Power*

2nd day 15.3 2.0 6.1 1.4 9.2 151 < 0.01 1.00
3rd day 15.0 4.2 6.1 1.4 8.9 146 < 0.01 1.00
4th day 12.6 7.2 6.1 1.4 6.5 107 < 0.01 1.00

RRP, recurrent respiratory papilloma; SD, standard deviation. *: Computed using α=0.05.



CAM after RRP implantation was found to be up to
151% thicker than those of the control group (p<0.01).

The highest thickening of chorionic epithelium was
reached two and three days after the RRP implantation
and was 151% and 146%, respectively.

Results of quantitative evaluation of blood vessels in
the experimental and the control chick embryos CAMs
are presented in Table 3. The mean number of blood
vessels count per constant length of the CAM section
under the RRP implant was statistically significantly
higher if compared with control CAMs (p<0.05), thus
confirming proliferation of chick blood vessels in the
mesenchyme of experimental CAMs after RRP
implantation. 

As shown in Table 3, histomorphometric study
revealed statistically significant increase of the mean
number of CAM blood vessels in the experimental group
on the second (p<0.02), third (p<0.001) and fourth
(p<0.001) days after RRP implantation on the CAM in
comparison with the controls. The visibly increased
density (as compared with the control CAM (Fig. 4C,D))
of capillary network which was oriented towards the
RRP implant was revealed starting from the 4th day after
implantation. 
Discussion

In this experimental study, we used chick embryo
CAM model to investigate the main physiological
features of RRP tissue growth and vascularization
process. The first tumor transplantations on chick
embryo CAM were described more than a 100 years ago
(Deryugina and Quigley, 2008b). Despite the well-
established technique of using chick embryo CAM
model for various biological studies, tumor tissue
grafting on the CAM is still rather rarely utilized and
insufficiently characterized as compared with murine
ones (Balke et al., 2010). Ten scientific studies,
analyzing the effect of bioptic tumor specimens on chick
embryo CAM angiogenesis, have been published till
2008 (Ribatti, 2014). However, no one has evaluated the
behavior of RRP tissues by implanting them on the chick
embryo CAM.

The results of our study show that papilloma grafts
remained viable on the surface of the CAM until the
very end of experiment, i.e. up to seven days after the
tumor implantation. Despite the benign origin, the RRP

exhibited the potential to spread on the surface of the
CAM, forming small papilloma sprouts (“starry sky”).
The newly formed RRP sprouts, as well as implanted
RRP tissue, consisted of epithelial cells containing large
nuclei and showed positivity for HMW CK that is
known to be a characteristic of both squamous and
glandular components of the laryngeal tumors
(Ramsburgh, 2007). Therefore, positive staining for
HMW CK in this experiment confirmed the epithelial
origin of the investigated tumor and of the sprouts. 

Tumor angiogenesis is one of the fundamental
factors influencing tumor survival and growth (Ribatti et
al., 1996). On the other hand, most human tumors may
remain in situ without induction of angiogenesis for
months to years before switching to an angiogenic
phenotype (Ribatti et al., 1996). Consequently, the
presence of neoangiogenesis indicates an active behavior
of the tumor, depending on the tumor type. Few
experimental studies have investigated angiogenic
features of chick embryo CAM after implantation of
various human tumors. Ausprunk et al. indicated that
malignant tumor tissues of Walker 256 carcinosarcoma
implant induced formation of new blood vessels of the
chick embryo CAM, but grafting of the normal rat tissue
(skeletal, heart, liver and kidney) - did not. The latter
study revealed lack of revascularization (Ausprunk et al.,
1975), suggesting that malignant tumor tissue may
produce special angiogenic molecules. Similar results
were described in another study performed by Subauste
et al. who found that metastatic SW620 colon carcinoma
cells after grafting onto the chick embryo CAM
exhibited high angiogenic potential in comparison with
those of non-metastatic SW480 colon carcinoma. The
latter failed to induce angiogenesis and showed a low
survival rate, as only few of the non-metastatic cells
were present in the CAM tissue after 24-48 hours of
implantation (Subauste et al., 2009).

However, in our experiment, the RRPs were
observed to induce the angiogenic response of the host
CAM. Orientation of the chick embryo blood vessels
towards the RRP implant was observed in our series
starting from the 2nd day of implantation. Further
penetration of blood vessels into RRP tumor grafts
confirmed by staining with SNA was revealed 1-2 days
later. These findings are in concordance with the features
of CAM tumor vascularization described by Deryugina
et al., who proved the presence of intra-tumoral chicken
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Table 3. Mean number of blood vessels per constant length of the CAM section: RRP vs. control group.

RRP group Control group Difference
Days after RRP implantation Mean μm SD Mean μm SD μm % P-value Observed Power*

2nd day 10.0 2.8 7.3 3.0 2.7 37 < 0.02 0.99
3rd day 13.5 5.0 7.3 3.0 6.2 85 < 0.01 1.00
4th day 12.4 3.7 7.3 3.0 5.1 70 < 0.01 0.99

RRP, recurrent respiratory papilloma; SD, standard deviation. *: Computed using α=0.05.



blood vessels in the human fibrosarcoma (HT-1080)
graft (Deryugina and Quigley, 2008a). Kingthon et al.
reported a fast proliferation of chick embryo CAM
capillaries under Walker256 carcinoma tissue implant 24
hours after implantation. Furthermore, the CAM
capillary penetration into the tumor implant, followed by
rapid tumor implant growth, happened in about 96 hours
after the Walker256 carcinoma implantation (Knighton
et al., 1977).

Penetration of chick embryo blood vessels both into
implanted RRP tissue and RRP sprouts was confirmed
by the injection of fluoresceinated anionic dextran into
the chick embryo’s CAM blood vessel. Maximum
increase in fluorescence of the tumor implant was
evident 7 days after RRP tissue implantation. These
findings correspond to the data that was published by
Malik et al. on the experimentally induced endometriosis
on chick embryo CAM. The authors found an apparent
vascular reaction of the CAM and perfusion of the
endometrium by host blood vessels (Malik et al., 2000).

The thin new-formed film of unclear acellular
composition, which was developing on the surface of the
chick embryo CAM, must have served as a scaffold for
the tumor cell migration and settling, therefore
representing one of the modes by which the tumors
disseminate. The implanted RRP tissue cells, as well as
the cells of nouveau sprouts, were positive for Ki-67 and
for PCNA, thus showing the proliferative activity of the
implanted RRP tissue cells. Moreover, the Ki-67 antigen
is thought to predict the clinical course - recurrence and
extension of RRP disease in children (Stern et al., 2000),
and is used to measure the aggressiveness of various
malignant tumors (Strojnik et al., 2010). 

Numerous chick heterophil cells were observed in
the CAM mesenchyme directly under the implanted
RRPs and in the areas of proliferating nouveau sprouts,
in hematoxylin, eosin, and anti-MMP-9 stained
specimens Figs. 2E,F, 4A,B. In reference to Ribatti,
heterophils that are visualized with anti-MMP-9 indicate
a nonspecific inflammatory reaction that is associated
with a higher rate CAM blood vessel development
(Ribatti, 2014); once again, in our study heterophil
aggregates were associated with a greater CAM blood
vessel density. 

In our experiments, MMP- 9 positivity was observed
in CAM heterophils, endothelial cells of blood vessels
and basal layers of chorionic epithelium. Matrix
metalloproteinases are members of a multigene family of
zinc-dependent endopeptidases, and are considered to be
key-players in the process of tumor cell invasion and
neoangiogenesis. According to the literature, 63.2% of
RRP cases showed high MMP- 9 expression (Peschos et
al., 2006). MMP-9 is stimulated by growth factors, such
as epidermal growth factor (EGF) and transforming
growth factor beta (Ramirez et al., 2011), and
inflammatory cytokines, such as tumor necrosis factor-α
(Youn et al., 2011). We did not find data about the role
of HPV in activation of MMP-9 in human RRP, however
there are published data that HPV-16 E6 up-regulates

MMP-9 through inducing IL-8 expression in lung cancer
cells (Shiau et al., 2013); also it was shown that HPV-16
promoted activity of MMP-9, and contributed to the
migration of cervical cancer cells (Zhu et al., 2015).
Based on these data, we can speculate that HPV virus as
well as substances secreted by RRP tumor can stimulate
production of MMP-9 in basal cells of chorionic
epithelium. It is important to notice that increased MMP-
9 expression was noticed directly under the RRP
implant, however in more distant sites it was not
increased. Recently, it was shown that endothelial cells
that express MMP-9 have proangiogenic properties. In
cell culture these cells had high invasion ability
(Kanayasu-Toyoda et al., 2016). Presumably, MMP-9
positive endothelial cells indicate active neoangiogenesis
in chick embryo CAM. MMP-9 was found in the earliest
arriving cell type, i.e. heterophils that infiltrate CAM’s
mesenchyme and predominantly are located around the
blood vessels. Zijlstra et al. (2006) showed that MMP-9
and other intrinsic factors released by heterophils,
possibly acting in tandem, are likely to be involved in
the proangiogenic action of these inflammatory cells.

The findings of our study may suggest that CAM
blood vessels, which proliferated and penetrated RRP
implants, have facilitated RRP spread on the chick
embryo’s CAM. In addition, the newly formed RRP
sprouts showed the apparent “spoke-wheel” pattern of
blood vessel formation in the underlying CAM, as it was
observed in a series of in vivo bio-microscopy and while
perfused with fluoresceinated anionic dextran. 

We noticed certain changes of the host CAM and the
chorionic epithelium that started on the second, through
the fourth day after implantation. We suppose that
thickening of the CAM and the chorionic epithelium
may reflect the CAM’s angiogenic and nonspecific
inflammatory reaction to the implanted RRP tumor
tissue. In reference to Wilting et al. (1992), some
mediators of the new blood vessel formation can induce
the thickening of the CAM itself due to extracellular
matrix production and overgrowth of the ectodermal and
endodermal epithelium of the CAM (Wilting et al.,
1992). 
Conclusions

In summary, the results of the present study confirm
that chick embryo CAM is a relevant host medium that
allows implantation of fresh tissues of RRP and
demonstrate the specific RRP tumor growth pattern after
the implantation. We revealed the apparent angiogenesis
of implanted RRP tissue and perfusion of tumor by the
host vessels that was followed by RRP spread to the
periphery. Formation of new satellite nodules (sprouts)
of the RRP tumor on the surface of a chick embryo
CAM may be presumed to be similar to its clinical
behavior and similar to its local spread in the upper
respiratory tract. Further development of this CAM
model may lead to better understanding of both RRP
tumor biology and clinical course, thus providing the
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base for research and identification of new, specific, and
selective therapeutic agents or composition of drugs that
limit the spread and recurrences of RRP.
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