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Abstract
The regulation of gene expression by microRNAs is widely examined in diagnostics and therapeutics.
Usually, microRNAs are applied with viral vectors to mouse or rat models. However, this is painful for the
animals and plagued with hurdles of high bureaucracy, costs, workload, and ineffectual delivery. Here we
present a new method for the in vivo delivery of microRNAs to tumor xenografts transplanted to fertilized
chicken eggs. Our assay is based on the intravenous injection of a microRNA/lipofectamine mixture to
the vessels of the chorioallantoic membrane, which supply the tumor. The delivery of microRNA mimics
to the tumor mass is about 80%, with trace amounts in host tissue, and no pain or toxicity to the chick
embryo. This simple, inexpensive avian model is suited for large-scale screening of microRNA effects and
is in accordance with the 3 R principles, because it may replace or at least reduce many mammalian
experiments, and it re�nes the usual ways of euthanization of the chick embryo by freezing, decapitation
or in ovo �xation with paraformaldehyde, because we euthanize the embryo by anaesthesia. The method
can be carried out in 10 days and does not require any animal application.

Introduction
MicroRNAs \(miRNAs) are gaining much attention, because these small, non-coding RNAs regulate gene
expression by sequence-speci�c binding to target genes1. Anomalous miRNA expression and functions
are linked to several types of cancers, immune diseases and developmental disorders. Modi�cation of
miRNA expression may offer novel therapeutic approaches for more successful treatment of diseases.
The let-7 \(from "lethal") family of miRNAs is one of the �rst identi�ed miRNAs and was originally
discovered in the nematode C. elegans2. The expression levels of let-7 members are signi�cantly low in
human cancers3. The chief challenge of miRNA delivery especially in cancer, is to effectively deliver
miRNA antagonists or mimics to the target tumor tissue with competent dissemination of cargos into the
tumor4. This problem has been solved in part by intra-tumoral injection or local administration of miRNAs
with or without carriers5-7. Viruses have also been used8. However, there remains the issue of the
availability of a cost-effective and robust, pre-clinical miRNA delivery model for unmodi�ed miRNAs.
Mouse and rat are the most common animal models but these have high cost, administrative and ethical
barriers. Therefore, we propose the fertilized chick egg model as an excellent alternative, which has been
successfully used in several of our recent studies9-19. Now we have improved this methodology for
evaluation of miRNA in vivo e�ciency18,20. A major advantage of the fertilized chick egg model is its
natural immunode�ciency, because immunocompetence in birds develops only after hatching21.
Xenografts are transplanted to the chorioallantoic membrane \(CAM), which is an extra embryonic
membrane, in which blood vessels start to grow on day 3 of development. Around day 8 of development
the blood vessel network is dense enough to support the growth of a tumor xenograft.22-24 Therefore,
cells from different tissues and species can be transplanted at that time without species-speci�c
constraints, just like in immune-compromised mice. Besides, the CAM is non-innervated and allows
painless tumor inoculation, growth and CAM injections. Tumor transplantation is possible from day 8
when the blood vessel system is well developed until day 18 shortly before hatching at day 2125-27. This
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is in contrast to the mouse system, where pain is induced by subcutaneous or orthotopic transplantation,
subsequent tumor growth and injections. Additional advantages of CAM xenotransplantation are a faster
tumor growth compared to mice, which starts between 2 and 5 days after transplantation, and a well-
developed histopathological morphology with tumor microenvironment, which resembles the
microenvironment of the primary patient tissue and its mouse xenograft28-31. As well, the CAM model
can be easily performed in any laboratory, the method is inexpensive and an animal application is not
required until day 18 of embryonic chick development.10 We established a method for in ovo injection of
miRNAs into CAM vessels and report here a detailed concept and step-by-step protocol using microRNA
let-7c mimic as example. A microRNA negative control mimic and parental \(untreated) cells served as
negative controls. The primary pancreatic ductal adenocarcinoma cancer cell line ASANPaCa was used,
because it has only recently been isolated from a patient tumor and is a model close to the human source
tissue and preserves several crucial markers and functions. All procedures described here conformed to
local and international guidelines on the ethical use of animals.

Reagents
1. Fertilized eggs from highly genetically identical hybrid Lohman Brown \(LB) chicks were obtained from
a local ecological hatchery \(Ge�ügelzucht Hockenberger, Eppingen, Germany). CRITICAL STEP: The eggs
should not be delivered at temperatures colder than 8°C - or should not be stored colder than 8°C. Also,
storage should be limited to only a few days, because otherwise the percentage of dead embryos will
increase. 2. The primary human pancreatic ductal adenocarcinoma cancer cell line AsanPaCa was
obtained from the European Pancreatic Center Heidelberg, Germany and was cultured as recently
described32. 3. 70% \(vol/vol) ethanol in dH2O \(Sigma-Aldrich, St. Louis, Missouri, USA) 4. Chick saline \
(7.2 g NaCl, 0.37 g KCl, 0.23 g CaCl2 per Liter ddH2O, pH 7.2-7.3)33 5. Narcoren® \(sodium pentobarbital
16g/100mL, Merial, Hallbergmoos, Germany) 6. Opti-MEM®-Reduced Serum Medium \(Thermo Scienti�c,
Rochester, NY, USA) 7. Dulbecco's Modi�ed Eagle's medium \(Thermo Scienti�c, Rochester, NY, USA) 8.
hsa-let-7c microRNA mimic \(Thermo Scienti�c, Rochester, NY, USA) 9. miRNA mimic, negative control \
(Thermo Scienti�c, Rochester, NY, USA) 10. Lipofectamine® 2000 \(Thermo Scienti�c, Rochester, NY,
USA) 11. Matrigel™ \(BD Biosciences, Heidelberg, Germany) 12. Tissue-Tek O.C.T. compound \(Sakura,
Zoeterwoude, The Netherlands)

Equipment
1. Egg incubator - digital motor breeders Type 168/D \(Siepmann GmbH, Herdecke, Germany) 2. Sterile
scissors and forceps \(Keysurgical®, USA) 3. Thermanox™ plastic cell culture coverslips 13 mm ø \
(Thermo Scienti�c, Rochester, NY, USA) 4. Petri dishes \(Greiner, Darmstadt, Germany) 5. Leukosilk® tape
\(BSN medical, Hamburg, Germany) 6. Omnican® F �ne dosage syringe with an integrated 30G × 8 mm
needle \(B. Braun Melsungen AG, Melsungen, Germany) 7. Pipettes 20 µl and 200 µl

Procedure
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EGG PREPARATION 1. Clean and disinfect the incubator, switch on, set temperature to 37.8°C. Place a
large water tube with approximately 2 L distilled water on the bottom of the incubator. Take care that the
humidity inside the incubator is always between 45-55% by controlling with a hygrometer. Let the
incubator run for 24 h before starting the incubation. CRITICAL STEP: Place the incubator in a distance of
at least 50 cm from the ground to avoid infections. Do not place it near heaters; protect it from strong
direct sunlight and other sources of heat. Leave the space around the ventilation windows free to ensure
a proper air circulation. 2. Upon arrival of the eggs from the hatchery, clean them immediately using 70%
and 37°C warm ethanol and place them in the incubator in a vertical position with the pointed side of the
egg downwards. Activate the shaking mechanism. Under these conditions, the development of the chick
embryo will start immediately and is considered as the Embryonic Development Day \(EDD) 0. CRITICAL
STEP: Avoid storing the eggs and use them within 1 day upon delivery. Consider, that when the eggs are
delivered, they might have been already stored for some days and therefore the incubation should
immediately start. If it is not possible to use the eggs immediately, store them at a temperature between
8-12°C. Storage for longer than 1 day is not recommended because it may result in higher embryonic
mortality. CRITICAL STEP: Wear sterile gloves all the time during handling the eggs to minimize the risk of
infection. However, it is not necessary to handle the eggs under a sterile hood. 3. At EDD 4, switch off the
shaking mechanism of the incubator, wash the eggs again with 37°C warm 70% ethanol and place on an
egg cup in a horizontal position. 4. Place a 5 cm Leukosilk® strip on the middle and round egg parts \
(Fig. 1a). 5. Crack a 1.5 mm hole through the Leukosilk® at the dull end of the egg over the air sack by
gently drilling with sharp scissors. 6. Remove 3 mL albumen with a syringe to detach the embryonic
structures from the eggshell \(Fig. 1a). 7. Enlarge the whole with scissors to a diameter of approximately
1.5 cm x 2.5 cm \(Fig. 1b). 8. Check the viability of the embryo, which is obvious from sharply delimited
blood vessels and a beating heart \(Fig. 1b). Waste non-fertilized eggs or eggs with dead embryos. 9. Re-
inject 1-2 ml of the previously removed albumen and cover the window with a new Leukosilk® strip. 10.
Replace the egg in the incubator in a horizontal position without shaking. CRITICAL STEP: Ensure that the
egg is dry and not smeared with albumen to avoid in infection of the egg and incubator. CRITICAL STEP:
Always control the humidity inside the incubator with a hygrometer. Add a large amount of water over
weekends, because the developing eggs absorb a lot of water. TUMOR XENOGRAFT TRANSPLANTATION
11. Prepare Thermanox™ coverslips by punching and enlargement of the hole to a diameter of 9 mm with
scissors. Store in a sterile petri dish �lled with 70% ethanol. 12. Count the total number of viable/fertilized
eggs, dividing them into the desired experimental groups with a minimum of 20 eggs per group. In this
case 3 groups were used: control \(CO), miRNA negative control \(miR-NC), miRNA let-7c \(let-7c).
CRITICAL STEP: To ensure statistically signi�cant results consider that from the time point of tumor
xenograft transplantation, approximately 20% of chick embryos may not survive the procedure. Thus,
calculate 20% more eggs per group than needed for statistically relevant results. 13. At EDD 9 \(Fig. 1c),
ensure that you have enough tumor cells grown for transplantation of 5×105 cells per egg, which means
in this case, 3×107 cells for 60 eggs in total. CRITICAL STEP: Choose the right EDD for tumor
xenotransplantation. We determined that for the xenotransplantation of pancreatic cancer cells the EDD 9
is optimal. However, in the literature also earlier time points are described starting at EDD6 onwards.
OPTIONAL: Two days prior to xenotransplantation, you may lipofect the tumor cells in vitro with 50 nm of
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miR-NC and let-7c mimics, while the control cells remain untreated. You are required to adjust the miRNA
concentration and time if lipofection accordingly for your experiment. 14. On EDD9 prepare master mixes
based on the amounts required per egg: 5×105 cells/25 µL DMEM added in a 1:1 ratio to 25 µl of
matrigel. Keep on ice. 15. Take the eggs out of the incubator, place them on an egg holder and remove the
Leukosilk® strip. 16. Place the perforated, sterile Thermanox™ coverslips on the CAM \(Fig. 1d). The ring
should surround some clear blood vessels and should not be placed directly over the embryo. 17. Gently
scratch the CAM inside the ring with a syringe needle \(Fig. 1e) to ensure immediate blood supply of the
xenograft. CRITICAL STEP: Do not scratch too intense in order to avoid strong bleeding. 18. Pipette 50 µL
cell/matrigel suspension into the rings to the scratched regions \(Fig. 1f). 19. Tape the hole in the shell
with Leukosilk® and place eggs back to the incubator. CRITICAL STEP: Avoid shaking the eggs to keep
the cells in the right place. IN OVO miRNA INJECTION 20. On EDD14 prepare master mixes \(let-7c and
miRNA negative control) consisting of 50 nM miRNA-lipofectamine in chick saline. The volume needed
per egg is 50 µl. The control eggs are injected with 50 µl of chick saline. CRITICAL STEP: Take care that
before injection, the miRNA-lipofectamine master mixes are gently mixed by pipetting up and down. You
are required to adjust the miRNA concentration accordingly for your experiment. Carefully examine the
blood vessels on the CAM. The ideal blood vessel for miRNA delivery would be a vein leading directly to
the tumor \(Fig. 1g, compare Fig. 2). Gently insert the needle at a 90° angle and slowly dispense the
treatment. Remove the needle gently and arrest bleeding with the aid of sterile cotton buds. CRITICAL
STEP: Avoid piercing the blood vessels multiple times. If possible, let someone with experience with
handling blood vessels do the injection. RESECTION OF XENOGRAFT TUMORS, EUTHANIZATION OF
EMBRYO AND DATA ANALYSIS 21. On EDD18, 3 days before chick hatching, take the eggs out of the
incubator and place them on an egg holder. 22. Remove the Leukosilk® strip and enlarge the window in
the eggshell with scissors to approximately 4 cm in diameter \(Fig. 1h), so that the embryo will �t
comfortably through the hole. CRITICAL STEP: Take care not to injure the embryo, rupture the CAM or the
tumor. 23. Inject 50 µL Narcoren® of a 16 g/100 mL pentobarbital stock solution into a CAM vessel.
ALTERNATIVELY: If you have no access to Narcoren because of the narcotics law, then inject 25 µl
Ketanest® of a 50 mg/ml esketaminhydrochlorid stock solution. 24. Lift the CAM area on which the
tumor is growing with forceps \(Fig. 1h). 25. Resect tumor without injuring the embryo \(compare Fig. 2).
26. Put resected tumors to a petri dish on ice and determine the size with calipers \(Fig. 1i). 27. Take the
embryo out of the eggshell, and take care that the connection between embryo and yolk sac stays intact,
because the embryo may feel pail, when this connection is ruptured. 28. Inject 50 to 100 µL Narcoren®
intraperitoneally. ALTERNATIVELY: Inject 25 µl of a 50 mg/ml Ketanest® stock solution. 29. Control 10-15
min later if the heart beat of the embryo stopped - if not, inject some more Narcoren® or Ketanest®. 30.
Resect embryonal organs like lungs, liver and CAM \(Fig. 1j). Exclude all embryos that died before EDD18
from further analyses. 31. Estimate tumor volumes using the formula: Volume = 4/3×Π×r3\(r =1/2×√ of
diameter 1×diameter 2)34. 32. Store the tissues in cyrotubes on dry ice and store at -80°C and/or embed
them in Tissue-Tek® O.C.T™ compound for future analysis. 33. Observe the resulting embryos for toxicity
by physical examination. Weigh and obtain the mean weight of the embryos from the different
experimental groups.
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Timing
18 days

Anticipated Results
Our protocol is exceptionally robust, cost-effective, easy-to-perform and produces highly reproducible
results that correlate with in vitro data where applicable. A scheme summarizing the relevant processes in
this non-viral intravenous miRNA delivery model is shown \(Fig. 2). As xenograft tumors are being
resected from the eggs in each treatment group, it is imperative to observe the chick embryos for adverse
side effects that may result from the miRNA treatment. Adverse side effects/teratogenic effects could
range from signi�cant differences in the mean weights of the chicks across different treatment groups to
deformations. In the absence of adverse side effects/teratogenic effects, differences in the average
obtained chick weights across the different treatment groups are not signi�cant and no deformations are
seen by physical examination \(compare Fig. 5 of our recent publication Nwaeburu 2016.18 The next
visible result is the effect on tumor sizes from different treatment groups. Now, this is usually based on
your hypothesis, preliminary and/or in vitro studies. In this case, let-7c is known to inhibit tumor
progression in vitro. Therefore it is hypothesized that it would decrease tumor size in vivo. Typically, the
obtained data should correlate to the preliminary and/or in vitro studies. After calculating the tumor
volumes using the formula in step 31, it is best shown as a dot plot, where each dot represents a tumor.
Apart from the xenograft tumors, other organs such as the CAM, lungs and liver are also resected. This is
essential for further examinations. One of those is the estimation of the miRNA delivery e�ciency to the
tumor. This is normally done by total RNA extraction and evaluation by qRT-PCR. Ideally, most of the
miRNA is delivered to the tumor \(about 80%) with trace amounts in the other tissues. Finally, it is
noteworthy to mention that this assay is not limited to the aforementioned evaluations. Other
examinations like metastases evaluation, immuno�uorescence/immunohistochemical analyses, and
western blot analyses of the obtained tissues based on the biological question at hand.
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Figure 1

Illustration of single steps in xenografting and i.p. treatment of chicken eggs a. At developmental day 4, a
Leukosilk® strip is placed on the middle and round egg parts and 3 mL albumen are removed with a
syringe. b. Vessels and embryo at developmental day 4. c. Vessels and embryo at developmental day 9.
d. A perforated Thermanox™ coverslip is placed on the CAM. e. The CAM inside the coverslip is gently
scratched with a gauge needle. f. Fifty microliter of a tumor cell/matrigel solution is transplanted to the
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scratched area. g. Vessel leading to the tumor xenograft and suited for injection of miRNAs. h. Tumor
resection at developmental day 18: the hole in the egg shell is enlarged and the CAM area with the tumor
xenograft is lifted with forceps. i. The size of the resected tumors is measured by calipers. j. The
euthanized embryos are physically examined and embryonal organs are resected.

Figure 2
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Experimental plan for the in vivo miRNA delivery Upon arrival of the fertilized chicken eggs from the
hatchery, they were properly cleaned with 70% ethanol and placed in the incubator at 37°C and this is the
egg development day 0. On day 4, the eggs were opened, on day 9 the tumor cells were xenografted, on
day 14 miRNAs were injected in CAM vessels and on day 18 the tumors were resected, following by
euthanization of the embryo by the injection of Narcoren®.


