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In ovo chorioallantoic membrane assay as a xenograft
model for pediatric rhabdomyosarcoma
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Abstract. Rhabdomyosarcoma (RMS) is the most common
highly malignant pediatric soft tissue sarcoma. While recent
multidisciplinary treatments have improved the 5-year survival
rate of low/intermediate-risk patients to 70-90%, there are
various complications that arise due to treatment-related toxic-
ities. Immunodeficient mice-derived xenograft models have
been widely usedin cancer drugresearch; however, these models
have some limitations, including i) they are time-consuming
and expensive, ii) their use needs to be approved by animal
experimental ethics committees, and iii) the inability to visu-
alize where tumor cells or tissues were engrafted. The present
study performed a chorioallantoic membrane (CAM) assay in
fertilized chicken eggs, which is time-saving, simple, and easy
to standardize and handle because of the high vascularization
and the immature immune system of the fertilized eggs. The
present study aimed to examine the usability of the CAM assay
as a novel therapeutic model for the development of precision
medicine for pediatric cancer. A protocol was developed for
constructing cell line-derived xenograft (CDX) models using
a CAM assay by transplanting RMS cells on the CAM. It was
then examined as to whether these CDX models could be used
as therapeutic drug evaluation models using vincristine (VCR)
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and human RMS cell lines. After grafting and culturing the
RMS cell suspension on the CAM, three-dimensional prolif-
eration over time was observed visually and by comparing
volumes. VCR reduced the size of the RMS tumor on the
CAM in a dose-dependent manner. Currently, treatment strate-
gies based on patient-specific oncogenic backgrounds have not
been adequately developed in the field of pediatric cancer. The
establishment of a CDX model with the CAM assay may lead
to the advancement of precision medicine and help formulate
novel therapeutic strategies for intractable pediatric cancer.

Introduction

Drug sensitivity and the severity of side effects vary from
patient to patient; therefore, it is necessary to develop precision
medicine designed to provide the optimal type and amount
of treatment for each patient. The development of precision
medicine based on patient genetic information has markedly
improved therapeutic methods for some types of adult cancer,
such as chronic myelocytic leukemia and breast cancer;
however, precision medicine for pediatric cancer has not been
fully developed because of its rarity and diversity (1).

Immunodeficient mouse models, cell-derived xenograft
(CDX) models and patient-derived xenograft (PDX) models
have been commonly used for cancer drug research; however,
these murine models have some weaknesses: 1) Establishment
and maintenance of a PDX model is time-consuming and a
high cost is incurred to manage its quality, ii) experimental
procedures should be undertaken to reduce the number of
animals used per study or to refine procedures to improve
animal welfare, and iii) it is impossible to visualize the site of
xenografts (2-5).

The chorioallantoic membrane (CAM) is an extraem-
bryonic membrane consisting of chorion and allantois in
fertilized chicken eggs. The CAM assay has been widely
used to study angiogenesis, infiltration and metastasis using
human-, rodent- and bird-derived xenografts (6-9). The CAM
assay has the following advantages compared with conven-
tional PDX models: i) High vascularization and an immature
immune system enable the establishment of time-saving and
easy-to-handle PDX models (3.4,10,11), ii) chick embryos are
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not specified as laboratory animals in a number of countries,
which support compliance with the 3R principle of animal
research (replacement, reduction and refinement) (11-13),
iii) the CAM can be visually observed by peeling the shell
membrane, which allows the visualization of blood vessels and
xenografts. The CAM assay is thus considered a suitable model
to evaluate the biological and pharmacological characteristics
of tumor tissues.

Rhabdomyosarcoma (RMS) is the most common type of
highly malignant pediatric soft tissue sarcoma in the United
States (=50% of pediatric soft tissue sarcomas) (14,15). The
two major subtypes of pediatric RMS, embryonal RMS
(ERMS) and alveolar RMS (ARMS), have some differences in
histopathological features, age of onset, site of primary lesions
and expression of fused genes, which are utilized for the diag-
nosis and classification of risk groups (15-19). The prognosis
is less favorable in fusion-positive ARMS (80% of patients
with ARMS) than ERMS (14,17,20). However, fusion-negative
ARMS is genetically and critically similar to ERMS (21,22).

Progress in multidisciplinary treatment has improved
the 5-year survival rate of low/intermediate-risk patients to
70-90%, but that of high-risk patients remains <30% in the
United States (23-25). While the survival rate has improved, it
remains a serious problem that nonspecific high-dose chemo-
therapy and radiotherapy can cause various complications at
later stages of life, including facial deformity, growth hormone
deficiency, fertility disorders and secondary cancer (26-29).

The present study aimed to explore whether the CAM assay
is a novel treatment model that could contribute to precision
medicine for pediatric cancer. As a first step, this study aimed
to establish a protocol for the CAM assay with transplantation
of RMS cells on the CAM and examined how to evaluate the
effect of anticancer drugs.

Materials and methods

Cell culture and reagents. The present study was approved
by the Institutional Gene Recombination Experimentation
Committee of the Kyoto Prefectural University of Medicine
(approval no. #2019-35; Kyoto, Japan). The human ERMS
cell line RD was purchased from the Japanese Collection of
Research Bioresources Cell Bank, and the human ARMS cell
line SJ-Rh30 was kindly provided by Dr Peter J. Houghton
(Greehey Children's Cancer Research Institute, University of
Texas Health Science Center, San Antonio, TX, USA) (30).
Firefly luciferase-expressing RD and SJ-Rh30 were estab-
lished by transducing RediFect Red-Luc-Puromycin lentiviral
particles (PerkinElmer, Inc.) into the cells. Briefly, RD and
SJ-Rh30 cells were plated at 5.0x10° cells/100-mm dish.
After 24 h, hexadimethrine bromide was added (8 mg/ml,;
cat. no, H9268; MilliporeSigma), followed by each particle
solution (MOI, 0.5). After another 24 h, media were removed
and fresh media were added. The following day, puromycin
was added (5 mg/ml; cat. no. P8833; MilliporeSigma).
Puromycin-resistant clones were selected with cloning rings at
day 14, with continuous puromycin selection at all times. Cell
lines were cultured in Dulbecco's modified Eagle's medium
4.5 g/l glucose) (Nacalai Tesque, Inc.) containing 10% fetal
bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and
1 pug/ml puromycin (Thermo Fisher Scientific, Inc.) at 37°C

under a 5% CO, atmosphere in an incubator. Vincristine (VCR)
(cat. no. S1241; Selleck Chemicals) was dissolved in dimethyl
sulfoxide (cat. no. D2950; MilliporeSigma) and stored as
a 1 mM stock solution at -20°C. D-Luciferin potassium salt
(D-luciferin; cat. no. 12507; AAT Bioquest, Inc.) was dissolved
in phosphate-buffered saline (PBS; Nacalai Tesque, Inc.) and
stored as a 15 mg/ml stock solution at -20°C. The cells were
screened periodically for mycoplasma contamination using a
Mycoplasma Detection kit (MycoStrip™; Invivogen).

Chick CAM assay. A total of 350 fertilized eggs from a local
commercial hatchery were incubated in an upright position at
37°C and 60% humidity. The day the eggs were kept in the
incubator was designated as day O (Fig. 1A). On day 9, a small
hole was made in the air chamber side of the eggshell with an
egg piercer and surgical scissors after tracing the edges of the
air chamber with a pencil under illumination in a darkroom.
The eggshell membrane was removed with tweezers and a
sterile silicon ring (inner diameter, 5 mm) was placed at the
center of the CAM (Fig. 1B-F). Tumor cells were detached
from culture dishes using trypsin/ethylenediaminetetraacetic
acid and were counted. Cell line suspensions were resuspended
in Matrigel and PBS (3:1 ratio) at 2.0x10° cells/25 pul Matrigel
solution and the mixture was directly pipetted into the center
of the ring (Fig. 1G and I). The hole was resealed with parafilm
and the eggs were placed in the incubator (Fig. 1H). Successful
development of cell xenografts was confirmed by visual obser-
vation and chemiluminescent imaging with the G:BOX Chemi
XRQ gel doc system (Syngene International, Ltd.). On days 12,
14, 16 and 18,50 ul D-luciferin was added to cell xenografts
before chemiluminescent imaging (D-luciferin was thawed
and diluted to 1:100 with Dulbecco's modified Eagle's medium
before use). On days 14, 16 and 18, the xenograft tumors were
resected, and the length of three sides was measured with a
vernier caliper and the product of the lengths of three sides was
taken as the volume (length x width x height). For the control
immunostaining samples, the leg muscular tissues from one
chick embryo were also resected on day 16. Chick embryos
were euthanized by an overdose of pentobarbital (100 mg/kg)
before resection of the xenograft tumors. The excised tumors
were fixed with 100% formalin overnight at room temperature
and paraffin-embedded for hematoxylin and eosin (H&E)
staining. Paraffin-embedded sections (4 gm) were deparaf-
finized in xylene and rehydrated in ethanol after incubation
on a paraffin spreading unit at 65°C for 15 min. The sections
were stained with hematoxylin (6.5 min) and eosin (1 min) at
room temperature, and the slides were observed under a light
microscope.

Immunohistochemistry (IHC). Formalin-fixed paraffin-
embedded chick embryo tissues and CAM assay xenografts
were deparaffinized in xylene and rehydrated in ethanol. THC
was performed using an anti-human vimentin antibody (1:200;
cat. no. abl6700; Abcam). Blocking, HRP micro-polymer
secondary antibody incubation and DAB detection were
performed using a rabbit-specific HRP/DAB Detection THC
Kit (cat. no. ab236469; Abcam). The sections were blocked
with Protein Block for 10 min at room temperature and incu-
bated with primary antibody overnight at 4°C. After blocking
with 3% hydrogen peroxide for 10 min at room temperature,
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Figure 1. Diagram of cell-derived xenograft model generation using the CAM assay. (A) Day 0. Commercial fertilized eggs were placed upright in an
incubator at 37°C and 60% humidity. (B) Day 9. Photographs of steps (C-H). Prior to step C, the edges of the air chamber were traced with a pencil while
illuminating the eggs in the darkroom. (C) A hole was made on top of the egg with an egg piercer. (D) Scissors were used to cut the shell along the edge of the
air chamber. (E) Eggshell membrane was removed with tweezers. (F) A silicon ring was placed on the CAM. (G) A cell suspension (25 ul) was grafted onto
the CAM. (H) After cell inoculation, the window in the egg was tightly sealed using parafilm and the eggs were returned to the incubator. (I) Cell suspension
was prepared by detaching tumor cells from culture dishes using trypsin/ethylenediaminetetraacetic acid and counting them. The cells were resuspended in
Matrigel and PBS (3:1 ratio) at 2.0x10° cells/25 ul Matrigel solution. CAM, chorioallantoic membrane; PBS, phosphate-buffered saline.
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Figure 2. Continued.

incubation with secondary antibody was performed for 20 min
at room temperature. DAB detection was performed for 3 min
at room temperature and nuclei were counterstained with 3%
methyl green for 20 min at room temperature (cat. no. 12001,
Muto Pure Chemicals Co. Ltd.). The slides were observed
under a light microscope.

WST-8 cell viability assay. WST-8 colorimetric assays were
performed using a Cell Counting Kit-8 (Dojindo Laboratories,
Inc.) according to the manufacturer's instructions. RD cells
were plated in a 96-well plate at a density of 5.0x10%/well in
80 ul culture media. After 24 h, dimethyl sulfoxide or VCR
(1 pM-1 uM) was added to each well. Cell viability was deter-
mined every 24 h after treatment with VCR by measuring the
absorbance at 450 nm using a microplate reader (Multiscan JX;
Sumitomo Pharma Co., Ltd.). The dose-response curve was
generated using ImageJ (National Institutes of Health; version
1.52a). The mean half-maximal inhibitory concentration (ICs)
was calculated based on the dose-response curve on day 3.

Statistical analysis. All data are presented by the
mean * standard error. The statistical significance of
differences between samples was determined using one-way
ANOVA and Dunnett's post hoc test. P<0.05 was considered
to indicate a statistically significant difference. R? values were
calculated using the least-squares method. All statistical anal-
yses were performed with EZR (Saitama Medical Center, Jichi
Medical University, Saitama, Japan), which is a graphical user
interface for R (The R Foundation for Statistical Computing;
version 1.40) (31).

Results

Establishment of a RSM model using the CAM assay.
As shown in Fig. 1, day O was defined as the day when the
commercial fertilized eggs were kept in the incubator and a
hole was made in the eggshell on day 9. A total of 7 days after
transplantation with firefly-expressing RD and Rh30 cells onto
the CAM, both tumors formed a mass that could be visualized
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Figure 2. Establishment of a cell-derived xenograft model on the CAM using the RMS cell lines, RD and Rh30. (A) Tumor formed on the CAM on day
16 (7 days after transplantation of RD or Rh30 cells). Images on the left were captured on a clean bench, whereas images on the right were observed using
the G:BOX Chemi XRQ gel doc system following the addition of luciferin. (B) Temporal changes in tumor volume. Tumors were resected on days 14, 16
and 18, and the volume was calculated using Vernier caliper measurements. (C) Hematoxylin and eosin staining of the resected tumors on day 16 (left, x40
magnification; right, x200 magnification). Accumulation of cells and formation of RMS tissue along the CAM (black arrow), and infiltration of some chick red
blood cells into the tissue (inside white dotted line) were observed. (D) Immunohistochemical staining of anti-human vimentin in the tumor tissue (left, x40
magnification; right, x200 magnification). Counterstaining of sections was performed with methyl green. These results indicated that the resected tumor
consisted of human RMS cells transplanted on day 9. CAM, chorioallantoic membrane; RMS, rhabdomyosarcoma.
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Figure 3. Continued.

by adding D-luciferin (Fig. 2A). The xenograft tumors were
resected and their volume was calculated using measurements
obtained with a Vernier caliper on days 14, 16 and 18 (i.e., 5,
7 and 9 days after xenograft generation on the CAM). The
RD and Rh30 cell-derived tumors increased temporally and
three-dimensionally over time (Fig. 2B). In addition, patho-
logical analysis of the tumor tissue on day 16 was performed,
which confirmed that tumor cells were densely aggregated
along the CAM (Fig. 2C, black arrows), with the invasion of
chick blood cells with prominent nuclei (32) (Fig. 2C, white
dotted line) suggesting the formation of feeding vessels from
the CAM. Tumor cells were positive for human-specific
vimentin and CAM was negative as confirmed by THC
(Fig. 2D), which indicated the RMS characteristics of these
tumor masses. Notably, human vimentin antibodies did not

cross-react with chicken tissues (Fig. S1; Data S1), indicating
that IHC for human vimentin could discriminate between the
human RMS-derived tissue and chicken muscular tissues.

Utilization of the CAM assay for anticancer drug screening.
VCR is one of the key chemotherapeutic agents for RMS and
is widely used to treat RMS. For the anticancer drug screening
using the RD-derived tumor established on the CAM, the
present study first evaluated the sensitivity of VCR against RD
cells using the WST-8 cell viability assay (Fig. 3A). The ICy,
of VCR was 0.114 nM and a clear decrease in the viability
of RD cells was detected when they were treated with >1 nM
VCR (Fig. 3B). Based on these results, the concentrations of
VCR for the treatment of RD-derived tumors on the CAM
were selected. Briefly, the RD cell suspension was grafted
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Figure 3. Administration of VCR resulted in a reduction in tumor volume on the CAM. (A and B) Results of the WST-8 assay. (A) Cell viability curve (VCR
concentration, 0 pM-1 xM). (B) Viability inhibition curve on day 3. Half-maximal inhibitory concentration, 0.114 nM (dotted line). (C) Changes in tumor
volume due to different concentrations of VCR administration. RD cells were grafted on the CAM on day 9 and 100 x]1 VCR was administered to each tumor
on day 12. On day 16, tumors were resected and volumes were calculated. Data are presented as the mean + standard error of three independent experiments.
Data were analyzed using one-way ANOVA (P=0.0306), followed by Dunnett's post hoc test. “P<0.05 vs. control. (D) Hematoxylin and eosin staining of
resected tumors. Necrotic area expansion was VCR concentration-dependent; necrotic areas are outlined with a white dotted line. Xenografts were treated with
(aand b) 1 nM, (c and d) 10 nM and (e and f) 1 uM VCR. (a, ¢ and e) x40 magnification; (b, d and f) x200 magnification. CAM, chorioallantoic membrane;
VCR, vincristine.

on the CAM on day 9. The implanted eggs were then divided  xenograft generation). Tumors were resected on day 16 for
into three groups, and 1 nM, 10 nM or 1 uM VCR was placed  further evaluation. It was observed that the volume of resected
directly on the RD-derived tumors on day 12 (3 days after tumors decreased in a concentration-dependent manner
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(Fig. 3C). Furthermore, it was observed that the range of
necrotic tissue spread in a concentration-dependent manner
(Fig. 3D); suggesting that the RD-derived tissue on the CAM
was sensitive to VCR and the findings were similar to those
obtained from the in vitro drug-sensitivity assay.

Discussion

The present study established a CDX model using a CAM assay
with the human ERMS cell line, RD, and the ARMS cell line,
Rh30. The formation of a three-dimensional tumor mass on the
CAM was confirmed by visual observation and the temporal
multiplication of grafted cells by calculating the volume
using a Vernier caliper. Moreover, pathological assessments
confirmed that transplanted cells gathered and formed tumor
tissue along the CAM. Some chick red blood cells infiltrated
the tissue, indicating that the transplanted cells were nourished
by the chick host and that the CAM assay was helpful in the
establishment of CDX models. Moreover, tumors on the CAM
were sensitive to VCR in a concentration-dependent manner,
confirming the utility of the CAM assay as a therapeutic
model both three-dimensionally and histologically. Therefore,
the CAM assay could be useful to determine the sensitivity of
anticancer drugs.

The CAM assay has been widely used in the research
field of oncological morphology; however, the protocol of
tumor engraftment is not standardized. Some researchers have
placed the fertilized eggs horizontally (10,13), whereas others
have created ex ovo xenograft models by transferring chick
embryos onto sterilized trays (12,33). After trying the former
method several times, it was revealed that the CAM was often
damaged during the process of punching holes in the eggshells.
In addition, there was often a considerable difference between
the area of the hole on the eggshell and the range of motion of
the tumor on the CAM, which made it challenging to observe
the tumors on the CAM. The ex ovo method was previously
reported to lower the chick embryo survival ratio compared
with the in ovo method (2). The present study adopted a method
of using fertilized eggs placed vertically due to its simplicity
and stability. The time taken for cell line transplantation and
tumor resection to minimize damage to the CAM and improve
the survival rate of chick embryos was determined by refer-
ring to previous reports (10,13). To help the local formation of
spherical tumors, silicone rings were placed on the CAM and
the cell suspension was added to their center.

Although we initially tried to assess how grafted RMS cells
multiplied on the CAM through fluorescence analysis using
luciferase-transgenic cell lines, we shifted to calculating the
volume of resected tumors with measurements using Vernier
calipers because the results of this assessment were revealed
to be consistent with those of H&E staining. Fluorescence
analysis was limited to two dimensions in the range visible
through the hole in the eggshell, and was easily influenced by
tumor crookedness and movement under the eggshell related
to embryo motion.

The CAM assay has a number of advantages over
mouse models. First, it is time- and cost-effective, whereas
mouse models require long observation periods (weeks to
months) (16,17,34), the CAM assay is completed within 10 days
after cell xenograft. The CAM assay can also assess the

effectiveness of chemotherapy agents more rapidly. Second,
chick embryos are not regarded as animals in numerous coun-
tries, and CAM assay experiments do not require the approval
of animal experimental ethics committees. Furthermore, the
CAM is not innervated, thus preventing the infliction of pain
and suffering on the chick embryos (10). Third, the CAM can
be seen directly, so that it is possible to not only visualize the
sites of tumor cells or tissues xenografts and drug administra-
tion but also to easily observe the development of tumors on
the CAM and therapeutic efficacy.

In the field of pediatric cancer, the use of precision
medicine has made less progress than in adult cancer, and a
remedy based on the oncogenic background of patients has
not yet been established. Previous studies have applied the
CAM assay as an alternative model for RMS studies (35-38);
however, these studies have not mentioned the application of
this model to precision medicine. In addition, other studies
have investigated how to take advantage of the CAM assay for
precision medicine (3,4), yet these studies have not assessed
RMS. It may be hypothesized that the RMS CDX model
described in the present study using the CAM assay has the
potential to substantiate and develop novel patient-specific
therapeutic medicines, and may become the foundation of
precision medicine for RMS and intractable pediatric cancer.

The present study has some limitations. First, only one
cell line was examined for each ERMS and ARMS; in the
future, we aim to examine other RMS cell lines. Second, the
less damaging method of administering VCR via intravenous
injection could not adequately be examined.

In conclusion, the present study established a CAM assay
protocol using human RMS cell lines and confirmed the
formation of a three-dimensional tumor mass on the CAM.
Moreover, the anticancer efficacy of VCR was demonstrated
on established human RMS CDX models. The CAM assay
may therefore be useful as both a CDX model and a therapeutic
model. In the future, we aim to establish CDX models using
other RMS cell lines and PDX models using tumor tissue
resected from mouse CDX models or patients, and to examine
the utility of the models.
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