Transplantation of human embryonic stem cells into the developing neural tube of chick embryos by microinjection.
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Short abstract:

Transplantation procedure by microinjection of GFP labeled-human embryonic stem cells into the neural tube of a 2 days old chick embryo. The in vivo differentiation of the human cells following transplantation can be study in situ using immunoflurescence analysis of embryo sections or by live imaging fluorescent microscopy. 

Long abstract:

The basic knowledge for directed stem cell differentiation comes mainly from the study of cell population patterning in vivo with the use of avian models. The chick embryo is a well characterized and accessible experimental system for inductive interaction and differentiation during vertebrates development 
 ADDIN EN.CITE 

(Goldstein et al., 2002; Le Douarin, 2004)
. Several studies have shown that mammalian stem cells and tissues transplanted into avian embryos can respond to local signals and develop into tissues appropriate to their location in the host 
 ADDIN EN.CITE 

(Fontaine-Pérus et al., 1997; Lee et al., 2007; White and Anderson, 1999)
. Therefore, this approach can serve as a tool to determine the physiological potential of stem cells to differentiate into different neural cell types in vivo. We have used this approach to examine whether human embryonic stem cells derived neural precursors can produce linage specific neurons in vivo (Valensi-Kurtz et al., 2010). In this protocol we show how to microinject GFP-labeled human embryonic stem cells 


(Gropp et al., 2003) ADDIN EN.CITE  into the devolving neural tube however, any kind of stem cell or other cell lines can be used for this propose. 
Protocol :

1. Preparation of microinjecting and dissection needles

1.1. Prepare glass needles for microinjection and neural tube scrapping by pulling capillary needles using a needle puller adjusted for long-profile sharp needles.

1.2. Prepare sharp edged tungsten dissection needles by placing a piece of tungsten wire into the tip end of a Pasteur pipette and simultaneously heat the tip under a flame to allow softening of glass thus, achieving  a firm grip  of the wire within.
1.3. To sharpen the wire, hold the tungsten wire over a Bunsen burner for 1-1.5 minutes, until a very fine tip is created. 
2. Cells used for transplantation

2.1. Culture human embryonic stem cells (hESC). Grow the cell for one week on feeders in a 6-well plate in order to get ~100 colonies/well each colony at a diameter of 200-500 µm. for detailed culture protocol refer to (Cohen et al., 2007)
3. Incubating the eggs.

3.1. Fertilized White Leghorn chicken eggs are kept at 17 ˚C until use for up to 7 days.
3.2. Incubate the eggs, placed on their sides, for ~48 hours at 38˚C in humidified chamber until the embryos reached the 18-23 somite stage (Hamburger& Hamilton stage 15) 

4. Preparing the cells for microinjection:

4.1. Dissociate pre-labeled stem cell colonies by using 0.1% EDTA for 10 min to allow single cells dissociation.

4.2. This procedure can be applied directly on colonies grown together with feeder, since feeder cells will not dissociated form the plastic dish by the EDTA. 
4.3. With the aid of a pipettor, gently and repeatedly, blow 1 ml of the EDTA solution on the colonies to remove them from the feeders.

4.4. Collect cells in suspension into a 1.5 ml Eppendorf tube and centrifuge them for 5min at 250xg.

4.5. Remove the supernatant and resuspend the cells in 100µl of –Ca –Mg PBS

4.6. Transfer the cell suspension from the 1.5 Eppendorf tube to a transparent PCR tube and centrifuge again using a small bench-tope centrifuge.

4.7. Remove the supernatant and resuspend the cells in 10-20µl of –Ca –Mg PBS.

4.8. Keep PCR tube in a bench-top Termoblock at 37 ˚C.

4.9. Every 5 to 10 minutes gently resuspend the cell pellet using 10µl tips to prevent clumping of the cells.
5. Windowing the staging the eggs

5.1. Prepare a dye for easy visualization of the chick embryos by diluting 150µl of Pelikan Tusche A # 17 Chinese ink in 10ml of PBS.

5.2. Fill up a 10ml syringe with the diluted dye and attach a #G23 needle to its end.

5.3. Pierce the egg shell and using an empty 10ml syringe equipped with a G21 needle remove 3-4ml of albumin from the egg.
5.4. Mark the top of the eggs, remove from the incubator and place them on an appropriate stand in the same position as before.

5.5. Place a scotch tape on top of the egg and, using a sharp edge scissors, cut a small opening at the top of the shell. The embryo should be situated at the upper part of the egg.

5.6. Enlarge the hole and remove most of the upper part of the shell to allow good visualization and easy access to the embryo.

5.7. Gently Inject 0.5-1ml of the dye just under the blastoderm and locate the neural tube.
5.8.  It is most important to have a good dark contrast just under the neural tube.

*A detailed windowing and staging protocol can be found at:

http://www.jove.com/index/details.stp?id=306
6. Removing part of the neural tube 

6.1. Using the sharp edge tungsten wire cut a small opening in the vitelline membrane at the level of the last 4 developing somites.

6.2. Using a pulled sharp glass needle start scarping gently the surface of the neural tube (NT) in parallel to the embryo just above the somites in an anterior posterior direction, 3-4 somites in length.

6.3. The needle should be as much as possible at a blunt angle in reference to the embryo (see figure 1a).

6.4. It is better to perform this operation without gloves to allow better sensitivity.

6.5. Gradually increase the scraping pressure on the neural tube surface and start removing the side of the tube.

6.6. It is most important no to scarp beyond the bottom of the tube. This will result in puncturing the dorsal part of the neural tube and inflow of albumin.

6.7. If possible, leave intact a thin layer of the dorsal neural tube. This will help in keeping the injected cell in place and prevent spill outs.

6.8. The dark ink will diffuse rapidly, so dissect only few embryos at a time and move quickly to the next stage.
7. Setting up the micromanipulator and microinjector
7.1. Mount the pooled glass needle in a micromanipulator and microinjection apparatus.

7.2. Cut the tip of the needle to the appropriate size of ~ 50-100µm depending on the viscosity of the cell’s suspension.
7.3. Depending on the type of system in use, adjust the angle and height of the micromanipulator to allow easy accesses at a low angle in parallel to the embryo’s neural tube.

8. Microinjection of the cells:

8.1. Just prior to up taking of the cell suspension into the microinjection glass needle resuspend the cell again.

8.2. Under a dissecting microscope insert the microinjection glass needle into the PCR tube and fill the tip of the needle with the cells suspension.

8.3. If the cells express GFP, use the fluorescence light to roughly verify the amount of cell at the tip. It should range from few hundreds to one or two thousands.

8.4. Adjust the direction and angle of the glass needle to be positioned in parallel to the embryo. This will prevent further damage to the neural tube.

8.5. Insert the needle into the scrapped area of the neural tube as much as possible.

8.6. It is recommended to perform the injection step with a combination of green florescence and low halogen light.

8.7. Simultaneously with the injecting of the cells, gently retract the needle from the neural tube.

8.8. Verify the insertion of the GFP-labeled cells using fluorescent light.

8.9. Gently seal the top of the embryo with scotch tape. Make sure that the egg shell is dry before applying the tape to insure good grip of the tape.

8.10. Place the egg back into the incubator for a period of 4-7 days.

9. Removing the embryo form the eggs and sorting out the GFP positive ones.

9.1. After 4-7 days of incubation remove the eggs from the incubator.

9.2. Using #7 Dumont forceps remove the embryo from the egg and place it in a Petri dish full with could PBS.

9.3. Remove and clean all tissues surrounding the embryo and transfer the embryo into a clean silicon / agarose coated dissecting Petri dish, facing down.

9.4. Fill the dissecting dish with sufficient could PBS to cover the embryo.

9.5. Gently pinch off the skin from the embryo’s dorsal part, just above the neural tube, using the curved tip of a #7 Dumont forceps.

9.6. Using fluorescence light look for the GFP signal from the injected cells.

9.7. Cut out the area were the GFP signal is visible, leaving few mm from both sides to allow easy handling of the embryo segment.

10. Preparing the embryo for cryosectioning.

10.1. Transfer the embryos segments into ice cold 4% paraformaldehyde in a vent chemical hood and place for 1 hour, rocking at 4 ˚C.

10.2. Wash several times with cold PBS, 20min per wash, rocking at 4 ˚C.

10.3. Transfer embryos to 30% sucrose in 0.1M Phosphate buffer and leave rocking at 4 ˚C, over night.

10.4. The next day fill halfway a small cryostat plastic mold with cold OCT and Place 3-4 embryos segments with the dorsal side facing down, in parallel to each other.

10.5. Fill the cryostat mold to the end, adjust the embryos anterior side to the same position and mark the area on the side of the mold.

10.6. Place the cryostat filled plastic mold on dry ice horizontally.

10.7. Store at -80 ˚C 
Representative Results:

Figure 1 legend: Differentiation of GFP-labeled hESC into neurons in the developing NT after five days of transplantation:
A. Illustration of the developing neural tube at ~HH 15 showing the position of operated area of the NT just above the forming somites. The angle of the glass needle in respect to the position of the embryo is indicated.
B. Illustration of the same operated NT area in ‘A’ during microinjection showing the micropipette needle is filled with GFP-labeled hESC. The microinjection needle should be positioned in parallel to the embryo during the injection process as indicated.

C. Dissecting microscope micrograph showing the embryo from above just following microinjection of the GFP-labeled hESC into the NT area. 
D. Dissecting microscope micrograph showing the dorsal aspect of a transplanted embryo after 5 days of GFP-labeled hESC microinjection. 
E. Transverse section of a 5 days transplanted embryo showing human GFP-cells with neuronal like morphology located within the developing NT.  The marked area in ‘E’ is magnified in detail in F.
G-I. Immunofluorescence analysis of a transverse section of a 5 days transplanted embryo showing the expression the neuronal marker Tau (using a human specific anti-Tau antibody) localized within the GFP-labeled hESC derived neurons. 
*Size bar length is indicated at each figure
Discussion: 
In this protocol we show a method to study neural differentiation in vivo.  As mentioned before, we have used this method to study the differentiation potential of hESC neuronal precursors into neurons of the peripheral nervous system (Valensi-Kurtz et al., 2010). This assay can also be used to transplant other cell types in order to study their differentiation potential such as glia or crest derived cells. The method is relatively straightforward; however it requires some practicing with embryo in ovo manipulations (see Protocol step 5 and 6) prior to the cell microinjection procedure. We therefore suggest making few sham experiments in order to verify embryo survival after the various in ovo manipulations and microinjection procedures. It is also important not to keep the cells in suspension too long in the PCR tube, therefore it is recommended to harvest new colonies using EDTA every 5-10 transplanted embryos (see Protocol step 4). If desired, transfected embryos can also be mounted on a cover glass and covered with low melting point agarose and medium for live imaging purpose.
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Table of reagents and  equipment

	Name
	company
	Catalog number
	Comments 

	Agarose 
	Biolab
	01712359
	

	Bench-to centrifuge
	Biosan 
	FV-2400
	

	Borosilicate glass capillaries
	World Precision Instruments
	TW 100-4
	

	EDTA 0.05% (w/v) in PBS 
	Biological industries 
	03-015-1
	

	Egg incubator
	Victoria
	
	

	Eppendorf -type 1.5ml  tubes
	Sarstedt
	72.690
	

	Fertilized White Leghorn chicken eggs
	Local distributer
	
	

	Fluorescence dissecting microscope 
	Olympus 
	SZX9
	Equipped with fluorescence light 

	Forceps  #7 Dumont
	F.S.T
	11271-30 
	

	Glass Capillaries puller 
	World Precision Instruments
	PUL-1
	

	Human embryonic stem cells (GFP-labeled)
	Hes1 
	
	


(Gropp et al., 2003) ADDIN EN.CITE 

	Microinjector
	Narishige
	IM-5B
	

	Micromanipulator
	Narishige
	MN-153, MMO-220A
	

	Needles G21x1 1/2”
	Shanghai KDL
	G21x1 1/2”
	

	Needles G25x1 5/8”
	Shanghai KDL
	G25x1 5/8”
	

	OCT 
	Tissue tek
	4583 
	

	Paraformaldehyde 4%
	Merck
	U2213
	Use vented hood

	PBS
	Biological industries 
	
	sterile 

	Pelikan Tusche A 
	Pelikan 
	# 17
	

	Pester pipette
	Fisher
	13-678-20C
	

	Petri  dishes -10mm
	Miniplast–Ein  Shemer 
	20090-01
	

	Phosphate buffer PB (1L) 0.2M


	
	
	41.325g Na2HPO4-7H20

6.4g NaH2PO4-H20

	Sharp edge dissecting scissors
	F.S.T
	91460-11
	

	Small cryostat plastic mold
	Tissue tek
	4557
	

	Small PCR tubes
	bioplastic
	B79001
	

	Sucrose 30% in PB


	Prutarom ltd. 
	#2355538000
	100ml 0.2M PB

60g sucrose

dissolve and bring up to 200ml with ddH20

filter or autoclave

	Syringe 10ml
	Pic indolor
	0373
	

	Termoblock 
	Boekel
	11-0002-2
	

	Tungsten wire 0.1mm diameter
	A Johnson Matthey
	45086
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