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Chapter 3

Abstract
Angiogenesis is a complex multi-process involving different activities of endothelial cells.
These activities are influenced in vivo by environmental conditions like interactions with other
cell types and the micro-environment. Galectins play a role in several of these interactions and
are therefore required for proper execution of in vivo angiogenesis. In this chapter we describe
a method to study galectins and galectin inhibitors during physiologic and pathophysiologic
angiogenesis in vivo using the chicken chorioallantoic membrane (CAM) assay.
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Introduction
Angiogenesis is a complex multi-process involving different activities of endothelial cells
(see previous chapter). The function of endothelial cells can be influenced by environmental
conditions like changing flow dynamics, interactions with other cell types, and interactions
with specific extracellular matrix components (1;2). Thus, while in vitro assays can provide
insights in the effects of molecules like galectins and/or galectin inhibitors on endothelial cell
function, further assessment of their role in angiogenesis in vivo is important. A commonly
used assay to study angiogenesis in vivo is the chick chorioallantoic membrane (CAM) assay.
The CAM is a highly vascularized extra-embryonic membrane that mediates exchange of gas
and nutrients during embryonic chick development. It is formed between embryonic day of
development (EDD) 3-10 of the 21 day gestation period by fusion of the allantois mesodermal
layer -extending out of the embryo- with the mesodermal layer of the chorion. Within the
resultant double layer a dense vascular network develops up to EDD11 after which endothelial
cell proliferation drops rapidly allowing further maturation of the vascular bed (3-5).
Apart from the rapid vascular development there are numerous advantages that
warrant the use of the CAM assay for in vivo angiogenesis studies. First, the assay is low in
cost, reproducible, reliable and fairly simple to perform (4). Furthermore, there is a variety
of methods for the application to test compounds onto the CAM and several methods are
available to monitor the subsequent response in the vasculature. For example, we have used
the CAM assay to study the effects of galectin-1 and galectin-1 inhibition on angiogenesis
(6;7). The CAM assay can also be used to test the effects of other treatment modalities like
radiotherapy or photodynamic therapy (8;9). Finally, the model does not require a sterile work
environment and since the immune system of the chicken embryo is not fully developed until
± EDD18 the CAM assay can also be used for grafting xenograft cells and tissues. On the other
hand, nonspecific reactions can occur due to contamination with egg shell itself or due to the
use of reactive carrier vehicles (3). In addition, CAM development is sensitive to alterations
in environmental conditions like temperature, oxygen tension and osmolarity. This indicates
that experiments using the CAM assay should be carefully executed. In this chapter we will
describe a method for the topical application of soluble compounds (galectins and/or galectin
inhibitors) on the CAM in order to study their effects on angiogenesis in vivo. In addition, we
provide a method to graft tumor cells onto the CAM which can provide information on the role
of galectins in tumor growth and tumor angiogenesis.
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Materials
We use fertilized eggs of white leghorn chicken that are purchased from a local commercial
supplier. The eggs can be stored for several days at 4˚C/39.2˚F but after more than one week
the quality and viability of the eggs decreases affecting the quality of the data. Please be
aware that depending on the legislation of your country regarding animal use in research
experiments, a license might be needed to perform the described experiments.
Special equipment
a. Fan-assisted humidified (egg) incubator, 37.5˚C/99.5˚F (see note 1). We use a FIEM
MG140/200 Rural which allows us to switch between tilting racks and non-tilting racks
(see note 2). The incubator should be well humidified throughout the whole experiment to
prevent dehydration of the CAM. We achieve this by putting water basins on the floor of
the incubator (see note 3).
b. Fiber optic illuminator. We use a Schott KL 1500 Electronic Light Source (see note 4).
c. Stereo microscope equipped with a camera. We make use of a Leica M125 stereomicroscope
with 12.5:1 zoom which is equipped with a Leica KL1500 LED ring illumination system and
a Leica 5 Megapixel DFC425 CCD camera.
Incubation of the chicken eggs
a. 70% Ethanol.
b. Sterilized fine tweezers.
c. Scotch ‘Magic’ adhesive tape (see note 5).
Application of galectins/galectin inhibitors onto the CAM
a. Non-latex elastic rings (see note 6).
b. Saline.
c. Test compounds, i.e. galectins and/or galectin inhibitors.
d. 10-100 µL pipette with sterile filter tips.
Data acquisition and analysis
a. Fridge or cold room.
b. 20 mL syringe.
c. 33 Gauge injection needle.
d. Contrast solution (4 grams of zinc oxide in 50 mL pure vegetable oil).
e. Image analysis software (HetCAM, DCIlabs) or Adobe Photoshop/MS Office.
Grafting tumor cells onto the CAM
a. Approximately 5x106 cells (see note 7).
b. Matrigel (see note 8).
c. Soft paper tissues.
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d.
e.
f.
g.
h.
i.
j.

Ice.
100 µL pipette with sterile filter tips.
Ruler with mm scaling.
Small surgical scissors.
Balance.
Phosphate buffered saline (PBS).
Fixative, e.g. 4% paraformaldehyde in PBS or zinc fixative.

Methods
A schematic drawing of the chicken gestation period is shown in Figure 1A. A typical CAM
assay takes approximately 10 days and a CAM tumor graft experiment takes 17 days. Thus,
depending on the type and frequency of treatment, careful planning of the experiments is
important. The time schedules that are used in our lab for a normal CAM experiment as well as
for a tumor graft CAM experiment are shown in Figure 1B.
Incubation of the chicken eggs
1. Transfer the eggs from the cold storage to room temperature for at least twelve hours prior
to the incubation (see note 9).
2. Clean the shell of each egg with a tissue soaked in 70% ethanol.
3. Place the eggs horizontally on a 90° tilting rack, which rotates minimally 6 times per 24 hours.
Place the rack in a pre-warmed and humidified fan-assisted egg incubator at 37.5°C/99.5˚F
(see notes 1-3). The starting day of the incubation is regarded as EDD0.
4. On EDD3, put the eggs in an upright position and make a small hole in the narrow end of
the shell with fine tweezers. This will translocate the air compartment in the egg to the top
of the egg. Seal the hole with adhesive tape using as little tape as possible (see note 10).
Stop the rotation of the racks and place the eggs back in the incubator, with the sealed
hole at the top.
5. On EDD6, check the eggs for fertilization. Point the fiber optic light source towards one side
of the egg. Vasculature should become visible at the opposite side of the egg. If not, the
egg is not fertilized and can be discarded.
6. Create a window of ±1 cm3 in the top of the shell with fine tweezers (see note 11). The CAM
vasculature can now be observed through the window.
7. Proceed with direct application of galectins/galectin inhibitors onto the CAM or with
grafting tumor cells onto the CAM.
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Figure 1. Time schedule for the CAM assay. A) Schematic representation of the CAM assay schedule during
embryonic chicken development from embryonic day of development (EDD) 0 until EDD20, i.e. the day before
hatching. The EDD during which extensive angiogenesis takes place in the CAM are shown in bold. The images
show the CAM vasculature at different EDD. B) Scheme of a standard CAM assay (upper panels) and of the
tumor graft assay on the CAM (lower panel).
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Application of galectins/galectin inhibitors onto the CAM
1. On EDD6, carefully place a sterilized non-latex plastic dental ring through the window on
top and in the center of the CAM. Seal the window with adhesive tape (see note 10) and
place the egg back in the incubator for at least 2 hours. This allows the ring to settle down
on the CAM (see note 12).
2. Prepare the treatment solution by diluting the appropriate galectin with or without the
specific inhibitor in saline. The total amount of solution depends on the number of eggs,
the diameter of the ring, and the duration/frequency of the treatment. (see note 13).
3. Take an egg out of the incubator. Open the sealed window and check if the embryo is still
alive. Apply 50-80 µL of galectin/galectin inhibitors within the ring without touching the
CAM itself. Reseal the window and place the eggs back in the incubator (see note 10).
4. Repeat the addition of galectin/galectin inhibitors depending on your required treatment
schedule. Usually, treatment is performed on a daily basis until EDD9.
Data acquisition
1. On EDD10, place the eggs at 4˚C/39.2˚F for 30 min. to induce hypothermia (see note 14).
2. Prepare contrast solution by mixing 4 grams of zinc oxide with 50 mL of pure vegetable oil
in a 50 mL tube. Shake vigorously and leave it on a roller platform for 20 minutes.
3. Fill a 20 mL syringe with the zinc oxide/oil mixture. Make sure to remove any air bubbles.
4. Open the shell of a hypothermic egg as far as possible without disrupting the CAM.
5. Carefully inject ± 1 mL of the contrast solution directly under the CAM where the ring is
located.
6. Use the microscope with camera to acquire images of CAM vasculature within the ring area
(see note 15).
7. If necessary, the treated CAM area can be collected for further analysis, e.g. gene expression,
immunohistochemistry. Following acquisition of images, isolate the CAM area under the
ring using fine tweezers and small surgical scissors. Wash the freshly isolated CAM in PBS
and transfer it to the desired fixation buffer or liquid nitrogen. Further processing of the
tissue is not described in this chapter.
8. Finally, euthanize the chicken embryo by transferring the egg to -20˚C/-4˚F for 24 hours.
Data analysis
Several methods have been published to analyze the CAM images (3;10-12). Nowadays,
software-based image analysis is often used for rapid, objective and extensive image analysis.
The software uses specific algorithms to recognize and skeletonize the vascular bed from
which different vascular parameters can be extracted like vessel length, vessel branchpoints,
vessel endpoints, total vessel area etc. (Figure 2A). We use HetCAM software (DCIlabs,
Belgium) but other software packages might be used as well. However, we are aware that such
software is expensive and not always available. Therefore, we here describe a widely accepted
morphometric method to analyze images of the CAM, using software that is available in most
research labs (Figure 2B) (see note 16).
51

3

Chapter 3

Figure 2. Analysis of the CAM vasculature. A) CAM analysis by skeletonization based method. The HetCAM
software (DCI labs) automatically analyses the skeleton length, the vessel area, the number of endpoints and
the number of branchpoints in each CAM picture. This methods provides a highly objective and precise analysis of the vascular bed, which is quick and allows for high throughput analysis.
B) Morphometric CAM analysis. In this method, 5 concentric rings are projected over the CAM image and the
cross-sections of the vessels with the rings is counted. This will give insight in the vessel density of the CAM.

1. Open the desired CAM image in a graphics editing program like Adobe Photoshop (or any
comparable software package).
2. Set the image to grayscale to enhance the contrast between the vessels and the background.
If necessary, use the image autocontrast function to improve contrast. Note that this should
be performed for all images within a single experiment and that this should not be used to
obscure or remove any unwanted data.
3. Place the CAM image in a graphic design program like Adobe Illustrator or a presentation
program like Powerpoint.
4. Project 5 concentric rings over the CAM image and count the cross-sections between the
vessels and the rings. The sum of these counts is a morphometric measurement for vessels
density in the CAM.
Grafting tumor cells onto the CAM
While the methods described above provides information on the direct effects of galectin/
galectin inhibitors on angiogenesis, a lot of galectin research is performed in the context of tumor
biology. Consequently, it is important to determine how galectin expression in tumor cells or
treatment with galectin-targeting compounds affects tumor growth and tumor angiogenesis.
This can be readily studied using the CAM assay since it is possible to graft (human) tumor cells
onto the CAM, most of which will rapidly grow into well vascularized tumors.
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1. On EDD6, harvest the tumor cells. Count the cells and aliquot them in separate tubes, each
tube containing 5x106 cells and spin them down. Discard the medium.
2. On ice, mix 5x106 cells with 50 µL Matrigel (see note 7).
3. Carefully ‘damage’ a small area of the CAM with a soft tissue.
4. Transfer the Matrigel/cell mix onto the damaged area.
5. Close window and place egg back into incubator.
6. Check growth of tumor daily and measure size and width using a ruler (see note 17).
7. If necessary, start treatment on EDD10 by applying the appropriate galectin inhibitor
topically onto the tumor or by direct injection into the tumor tissue.
8. Measure size on a daily basis until EDD14 or maximally until EDD17 (see note 17).
9. At the end of the experiment, harvest, photograph and weigh the tumor and subsequently
place it in the appropriate fixative for further processing (Figure 3).
10. Finally, euthanize the chicken embryo by transferring the egg to -20˚C/-4˚F for 24 hours.

Figure 3. Tumor grafts on the CAM. A) Image of a HT29 tumor on the CAM at EDD14. The tumor cells were
grafted on EDD6. B) HT29 tumor after resection. The tumor is well vascularized indicating adequate tumor
angiogenesis. C) Image of hemotoxilin/eosin staining on a paraformaldehyde fixed and parafin embedded
HT29 tumor graft. Both the CAM as well as nest of tumor cells (TC) surrounded by tumor stroma (S) are clearly
visible. D) Image of vessel staining (CD31, brown) on a paraformaldehyde fixed and parafin embedded HT29
tumor graft.
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Notes
1. Temperature setting depends on the type of incubator. For a still-air incubator (no fan):
38.5˚C (101.3˚F) measured at the top of the eggs. For a fan assisted incubator: 37.5˚C (99.5˚F)
measured anywhere in the incubator.
2. If the incubator has no tilting racks, manual rotation of the eggs is also possible. Turn the
eggs through 180 degrees by hand at least twice a day.
3. Humidity should be maintained at ±50% during incubation. Excessive humidity could result
in an increased rate of infections in the eggs.
4. The fiber optic illuminator is used to check successful fertilization on EDD3. However, if
no such device is available successful fertilization can also be readily checked following
opening of the egg shell.
5. Other brands of tape can be used but we have good experience with the Scotch Magic tape
because it is not too sticky which makes it easy to repeatedly open and close the window
in the egg shell.
6. Non-latex rings are commercially available or they can be custom-made. It is important that
the weight of the ring is as low as possible to avoid aspecific responses in the vasculature
due to occlusion of vessels by the ring. We have found that orthodontic dental elastic
bands (non-latex, Ø 9.5 mm) are a good and cheap alternative. Varying the diameter of
the rings allows larger area’s to be treated but also requires more compound. In addition,
with increasing diameter the weight of the ring also increases. A diameter of ± Ø 9.5 mm
typically allows application of 50-80 µL solution.
7. The number of cells required for adequate grafting depends on the specific cell line and
should be tested. However, we have found that increasing the cell number increases the
success of grafting and most cell lines tested in our lab show successful grafting when 5
million cells are used.
8. We have successfully used both normal and growth factor reduced Matrigel. The latter
is preferred if the angiostimulatory effect of cells is tested since normal Matrigel already
contains more stimulatory factors by itself.
9. We use anywhere between 8 - 10 eggs per treatment condition. For experienced users a
total number of about 80 eggs per experiment is manageable which thus allows for 8 to 10
different groups per experiment.
10. The adhesive tape prevents the CAM from dehydration. However, the tape also prevents
gas exchange through the egg shell and should therefore be kept to a minimum.
11. The egg shell should be removed carefully since debris of the shell can induce a response
in the CAM.
12. Instead of a ring to define the therapeutic area, some people prefer to use for example
gelatin or methylcellulose discs (13;14). Also other absorbent materials might be used as
long as these do not induce a response in the CAM.
13. In general, 50-80 µL of compound is applied daily from EDD6 until EDD9. The solution can
be prepared fresh daily or stored at 4˚C/39.2˚F. Note that long term storage at 4˚C/39.2˚F of
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14.

15.

16.

17.

galectins in solution can affect protein stability and activity. Furthermore, solutions stored
at 4˚C/39.2˚F should be allowed to return to room temperature before applying them to
the CAM.
Movements of the embryo are very likely to disturb you while taking pictures of the CAM.
The induced hypothermia will results in less movements, by slowing down the metabolism
of the embryo. However, if the aim is to measure blood flow, hypothermia should not be
applied.
The magnification will determine the level of detail that can be analyzed. At 25-fold
magnification (2.5 x 10) mainly the larger, mature vessels will be visible while at 100-fold
magnification (10 x 10) detailed images of the capillary bed can be obtained. We usually
acquire images at both magnifications in order to distinguish between both vessel types.
This quantification method is laborious, less accurate and more sensitive to subjective
errors. In addition, it will only provide information about the vascular density. Nevertheless,
it is a cheap method and available to everyone.
Be aware that not all tumors will grow on top of the CAM. We have observed that some
tumors will grow just underneath the CAM.
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