Dissection and Culture of Rat Skull Base Ganglion Neurons—trigeminal, vestibular, geniculate, and spiral ganglion
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Short Abstract:

The protocol describes the dissection and culture of sensory neurons from three key skull base ganglia—trigeminal, vestibular, and geniculate. These cultures then can be maintained for an extended period of time and employed for further molecular experimentation.


Long Abstract:

Studies of neurons from peripheral sensory ganglia can be technically difficult due to a variety of reasons. Particularly for ganglia found at the skull base, the complex anatomy of the area can hamper identification and complete removal of those neurons. Cultures of these neurons can be technically difficult as well even after successful removal, because these neurons have different growth factor requirements than the more commonly cultured hippocampal and cortical neurons. In this protocol, we demonstrate techniques that can facilitate studies of skull base sensory ganglion neurons. Neurons from these ganglia are involved in many critical sensory processes, including perception of light touch, temperature, and sharpness on the face (trigeminal), balance (vestibular), and taste (geniculate). We show details of the dissection of the trigeminal, vestibular, and geniculate ganglia. Techniques for maintaining these neurons in cell culture for extended periods of time (>21 days) are also described in detail. These techniques can facilitate studies of molecular mechanisms underlying many intracellular processes in these neurons.



Protocol:

1) Preparation of culture plates

1.1) Coat 96-well plates with poly-L-ornithine (50ul/well of 0.1 mg/mL stock) for 30 minutes at room temperature. 

1.2) At the end of the incubation period wash the wells twice with double distilled water (ddH2O) (100 l/well) and let them air dry.

1.3) Once they dry completely add laminin (70l /well of 20 g/mL stock) to each well. Store coated 96-well plates at 4oC until after neuronal harvest is completed.

*Plates should be coated with all the reagents for suggested duration of time. Plates that have been coated more than 4 days should not be used for culture. Also, coating with laminin should be done for minimum 1 hour. Otherwise, poor cell attachment will occur. 

1.4) Pipette 15 mL of phosphate buffered saline (PBS) into three 10cm diameter culture plates. Keep plates on ice.

1.5) Pipette 1 mL of Hank’s Balanced Salt Solution (HBSS) into three sterile Ependorff tubes. Keep Ependorff tubes on ice.

2) Temporal bone harvest

2.1) Anesthetize Sprague-Dawley rat pups (postnatal day 5-6) on ice for  at least
     30 minutes. 

2.2) Spray pups with 70% ethanol. Decapitate using scissors soaking in 70% ethanol.

2.3) Pull the scalp anteriorly with gloved fingers to the orbits. Cut between the trachea and the skull base using ethanol-soaked scissors.

2.4) Insert scissors through the foramen magnum and cut the cranium just lateral to the sagittal suture on each side.

2.5) Separate the posterior aspect of the cranium and skull base from the anterior   
    	cranium using ethanol-soaked scissors.

2.6) Cut through the posterior cranium and inferior skull base at the midline through
    	 the clivus.

2.7) Place the temporal bones and attached brain into sterile 6cm diameter culture dishes containing 15mL sterile PBS.

3) Trigeminal ganglia neuron harvest

3.1)  Using the dissecting microscope under low power, remove the brain from lateral to medial along the temporal bone using sterile forceps.

*Removal of the brain from temporal bone should be performed slowly and cautiously. The direction of removal should always be from lateral to medial. Being overly forceful or speedy can result into damaged trigeminal nerve or lost vestibular ganglion.

3.2) Remove the trigeminal nerve from the skull base using sterile microforceps. 

*Carefully place forceps around the inner ear structures to stabilize the temporal bone, otherwise accidental damage one or more of the critical structures such as cochlea, vestibular or geniculate ganglion may occur. Avoid placing forceps through these inner ear structures.

3.3)  Visualize the trigeminal nerve under higher power (16x). The ganglia appear “fluffier” and “pinker” than the smooth and shiny remainder of the nerve. Cut the ganglia from myelinated nerve fibers. Save the ganglia in microfuge tubes filled with HBSS and kept on ice.

4) Superior vestibular ganglia harvest

4.1) Under lower power, align the temporal bones so that the posterior edge of the bone is closest to the dissector and the porus acousticus is identified.

4.2) The more medial nerve is the facial nerve and the more lateral nerve is the superior vestibular nerve. Remove the remaining dura anterior to the temporal bone with sterile microforceps.

4.3) Gently remove the bone just anterior to the nerves in the porus acousticus and bone overlying the vestibular nerve with microforceps. This allows full removal of the superior and inferior vestibular nerve 

4.4) The superior vestibular ganglion is the fuller, fluffier area along the nerve prior to the balance end organs. 


4.5) Cut away the ganglia from the vestibular end organs and the vestibular nerve using microscissors. Save the ganglia in microfuge tubes filled with HBSS and kept on ice.


5) Inferior vestibular ganglia harvest

5.1) The inferior vestibular nerve is the second branch of the common vestibular nerve. Dissection of the inferior vestibular ganglion is more difficult than the superior vestibular ganglion. 

5.2) First, orient the temporal bone in the opposite direction than that used for the superior vestibular ganglion harvest.

5.3) From this position two nerves are visible entering the internal auditory canal posteriorly, the inferior vestibular nerve, which is lateral) and the cochlear nerve (which is medial). Gently separate the two nerves from each other using sterile forceps.

5.4) Remove the bone overlying the inferior vestibular nerve and its branch, the singular nerve, as they enter and run deep within the temporal bone

5.5) Remove the inferior vestibular nerve and the singular nerve from the bone. 

5.6) Remove the vestibular end organs from the ganglion and trim the myelinated nerve off of the inferior vestibular ganglion. Save the ganglia in microfuge tubes filled with HBSS and kept on ice.

6) Geniculate ganglion neuron harvest

*Geniculate ganglia can be dissected either before or after dissection of the vestibular ganglia. 

6.1) The facial nerve is more medial (closer to the midline) than the superior vestibular nerve. Remove the bony lip just at the porus acousticus to visualize the facial nerve in its labyrinthine segment. 
6.2) Piecewise remove the bone along the facial nerve to identify the geniculate ganglion, where the facial nerve bends at an acute angle to course laterally and inferiorly. 

6.3)  A few small band-like structures keep the geniculate ganglion in place. One of these is the greater superficial petrosal nerve, and the other is the fascia and dura mater neighboring the geniculate ganglion. Gently remove these band-like structures with a pair of microforceps to dissect the facial nerve from the surrounded bone. 

6.4) The facial nerve can then be extracted from fallopian canal. The ganglion is located at the bend in nerve and is slightly fluffier and fuller than the surrounding nerve. 

6.5) Trim away the ganglion from the surrounding nerve using microscissors. Save the ganglia in microfuge tubes filled with HBSS and kept on ice.

7) Spiral Ganglion Harvest 

7.1) The spiral ganglion is located within the most medial part of the temporal bone. All of the structures of the cochlea are enclosed in bone in this age animal.

7.2) To dissect the spiral ganglion, first chip away the bone overlying this structure medially using sturdy sterile forceps. 

7.3) In this age animal, there is a small cap of bone around the cochlea within the surrounding temporal bone. Remove the cochlea and the surrounding cap of bone from the temporal bone using sterile forceps.

7.4) Under higher magnification, remove several delicate structures such as the spiral ligament, the stria vascularis, and the organ of Corti to isolate the spiral ganglion. These structures are very small and nearly transparent. They can be removed using fine-tipped sterile dissection forceps.

7.5) Keeping a portion of the cap of bone around the cochlea can facilitate removal of these delicate structures from the spiral ganglion.

7.6) Once full dissection has been performed, the spiral ganglion looks like a Christmas tree, with its distal axons projecting outwards like branches.

7.7) The spiral ganglia are then saved in microfuge tubes filled with HBSS and kept on ice.

8) Dissociation and Culture

8.1) Remove excess HBSS from harvested ganglia. Add 0.2% trypsin and 0.25% collagenase (total volume 500 l) and incubate at 37oC. Incubate trigeminal ganglia for 20 minutes, superior and inferior vestibular ganglia for 15 minutes, geniculate ganglia for 30 minutes and spiral ganglia for 25 minutes. 

8.2) During the incubation period prepare final culture medium. Supplement Neurobasal media (NBM) containing B27 supplement, 0.2mm L-glutamine, 0.37% glucose with fetal bovine serum (FBS; 5%), ofloxacin (0.0003%), 5-fluro-2’-deoxyuridine (5FU; 10 M), aphidicolin (10 M), and Z-VAD-FMK (ZVAD; 20 M). 
	
* Supplements should be added fresh. Basal media can be prepared and stored at 40 C for a month. Using media older than one month may result into low yield of cultures.

8.3) At the end of incubation period add 100 l FBS to inactivate the reaction. Allow ganglia to settle to the bottom of the tube.

8.4) Carefully remove the supernatant.

8.5) Gently wash the ganglia with 1 mL of basal medium (NBM/ B27/ 0.2mm L-glutamine / 0.37% glucose). Repeat this step one more time.

8.6) Triturate the ganglion in culture medium using a P1000 pipette tip approximately 15- 20 times until suspension is cloudy. For trigeminal ganglia, repeat this step 3-4 times until the suspension media becomes clear. 

*Triturating cells should be done gently. Being too forceful during titration can lyse cells and result in unhealthy cultures. Ganglia should be triturated a sufficient number of times. Incomplete trituration can result in poor neuronal yields. 

8.7) Run the cell suspension through a 70 micron cell culture filter suspended over a sterile 50 mL conical tube.

*Triturated media must be run through 70 micron cell culture filter to avoid clumps and acellular debris within the culture. 

8.8) Resuspend the neurons in final culture medium. Final volumes for typical dissection from a litter of 10 pups are as follows: trigeminal ganglia neurons - 8ml; superior vestibular ganglia neurons - 4 ml; inferior vestibular ganglia neurons - 2 ml; geniculate ganglia neurons - 3ml and spiral ganglia neurons - 8ml. 

8.9) Remove laminin from 96 well culture plates and wash them with MEM. Plate 100 l of cells /well. Perform plating quickly to ensure that laminin does not dry out. Incubate cultures at 370 C in a cell-culture incubator.

* Cells should be plated promptly once MEM is removed to ensure laminin does not dry out. Drying can lead to poor cell attachment and low neuronal yields.

8.10) On DIV 2 change the cell culture medium to NBM/ B27/ 0.2mm L-glutamine/ 0.37% glucose/ ofloxacin (0.0003%)/ 10 M 5FU/ 20 M ZVAD. Aphidicolin is removed from the media at this time to decrease neuronal cell death. Serum starvation is performed to stop fibroblasts and Schwann cells from replicating and overgrowing the neuronal cultures. 

9) Representative results

Neuronal purity of these cultures is approximately 70% to 80%. Average final neuronal yield from a litter of 10 pups for trigeminal ganglia is 8.4 x 104 neurons, for spiral ganglia is 2—4 x 104 neurons, for superior vestibular ganglia is 1.6 x 104 neurons and for inferior vestibular ganglia and geniculate ganglia it is 9 x 103 neurons. Figure 1 shows typical morphology of neurons on DIV 1 and DIV 4, fewer non neuronal cells are observed at DIV 4 as a result of serum starvation and aphidicolin and 5FU treatment. 

Discussion:

This protocol provides a method for dissection and culture of primary trigeminal, vestibular and geniculate ganglia. We include several critical steps for accurate dissection, good neuronal yields, and maintenance of healthy cultures. Omission of these steps can lead to poor yields, contamination, and atypical results of subsequent experiments. 

During dissection, it is crucial to insure that the brain is dissected away from the temporal bone from lateral to medial and is performed gently. Otherwise, inadvertent removal of the trigeminal and vestibular ganglia can occur. Forceps should be placed carefully so that critical structures are not damaged during dissection.

Sterile technique is critical throughout during dissection and plating to insure that cultures do not become contaminated with bacteria or fungi. For healthier neuronal cultures, fresh media should be used. Following addition of B27, L-glutamine, and glucose to NBM, the basal media works well for a month when stored at 40C. Other components of media (FBS, 5FU, ofloxacin, Z-VAD, and aphidicolin) should be added fresh at the time of use. Using media older than one month will result into lower neuronal yields. FBS should be filtered and frozen at -20oC in aliquots. Media older than one month should not be used. 

Prior to use, media should be inspected for turbidity, which is an indication of contamination. If media is turbid it should be discarded immediately. Use of vacuum to remove old media from cultures should be avoided as it can detach neurons from culture plate. 
		
Future applications/directions:

These neuronal cultures can be used as an in vitro model system to study a variety of processes which are difficult to study in vivo due to encasement of these ganglia in bone later during development. For instance, studies of axonal outgrowth can readily be performed on these cultures. These cultures can be utilized for single cell patch clamping as well when plated on larger dishes. Additionally, well-controlled studies of intercellular signaling pathways can also be performed using these cultures. Such studies are typically much more difficult to perform in vivo.

Limitations and possible modifications: 
Many of the limitations of this technique are intrinsic to the ganglia involved. For instance, this neuronal culture system has relatively low yield due to low absolute number of neurons in the ganglia at the time of dissection on postnatal day 6 (P6). Earlier dissection might potentially increase neuronal yield; however, in our hands as the age of the animals is decreased dissection of these ganglia becomes increasingly difficult. We are unable to reliably identify these ganglia prior to P3. Another limitation of this system is presence of non-neuronal cells (fibroblasts and Schwann cells) in cultures. These contaminating cells can partially be removed from culture by growing them in culture medium supplemented with 5FU and aphidicolin followed by serum starvation. As an alternative approach, cytosine arabinoside can be added to these cultures in addition to 5FU and aphidicolin to further remove dividing cells. Complement-mediated lysis of fibroblasts can also be performed to remove these cells completely from cultures.
	
Many minor modifications of this technique are possible. For instance, sterile fire-polished glass Pasteur pipettes can be used for trituration. Fire-polished glass pipettes should be cooled prior to use. The lumen should not be too narrow or it will damage the cells. The glass pipettes must be coated with FBS before use, otherwise neurons will adhere to the pipette resulting into lower neuronal yields.  

Trouble-shooting:

1) Low neuronal yield: First insure that the ganglia are being correctly dissected. Next, check the age of reagents. If media is older than a month make fresh media. Make sure plates are coated less than 4 days prior to dissection and for the complete duration of time specified in the protocol. Fourth, insure that trituration is done in correct manner as advised in protocol. Vigorous trituration is associated with lower neuronal yields.

2) Contamination: Cultures can be from non-sterile working areas or improperly sterilized tools during dissection or use of contaminated reagents. If cultures are roughly jostled during removal from incubator for substitution of media or microscopic inspection, cultures can also be contaminated. If fungal contamination is detected, a detailed search for the source should be performed. Potential sources include reagents (including 5FU stocks), contaminated incubators, other cultures within the same incubator, or contaminated sterile hood (often due to a problem with the filter). To avoid contamination make sure all the tools, dissection hoods, tissue culture hoods, and reagents are sterile. Wipe down dissection hoods with 70% ethanol prior to usage, and insure that air is circulating within them prior to use. Make sure that incubators and other cultures in incubators are clean. 

3) Cells do not attach to plates: Check for quality and age of coating reagents (polyorthnithine and laminin). Make sure coating is performed as suggested in protocol. Do no coat plates more than 4 days prior to dissection. Next, check the number of cells plated and make sure that they were not plated too sparsely or densely. Either extreme can lead to neuronal detachment.

4) Cells die after attachment: This happens usually due to old cell culture reagents or due to higher amount of aphidicolin in culture medium than anticipated. Make sure adequate amount of reagents are used. 

5) Cells detach from plate after initially adhering: This can occur as a result of using vacuum, being too forceful while changing medium, being rough with the plates, jostling plates in incubator or slamming the door of incubator.


Significance of technique: When followed, this protocol will yield healthy, long-lived cultures of skull base ganglia that can be difficult to identify, dissect and culture. Studies of these neurons in these in vitro cultures can facilitate experiments which are otherwise difficult or impossible to perform. While dissection and culture of these neurons has been described previously, other protocols are not described in as much detail, and do not include many of the tips and tricks included in this technique. Removal of non-neuronal cells is typically not addressed in previously published protocols. Visualization of these techniques, particularly the dissection of these ganglia, is much more readily understood than written descriptions of these procedures. 
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10) Table of reagents and equipment

	Type
	    Final
Concentration
	company
	catalog #

	poly-L-ornithine
	0.01%
	Sigma - Aldrich
	P4957

	laminin
	20µg/ml
	Sigma - Aldrich
	L2020

	MEM
	1X
	GIBCO
	11095

	PBS
	1X
	GIBCO
	10010

	HBSS
	1X
	GIBCO
	14175-095

	5 Dumont forceps
	
	F.S.T.
	91252-20

	Scissor
	
	F.S.T.
	14084-08

	Scissor
	
	F.S.T.
	91402-12

	
	
	
	

	Neuronal dissociation and culture

	Trypsin
	0.25%
	Sigma - Aldrich
	T9935

	Collagenase
	0.2%
	Sigma - Aldrich
	C2674

	Neurobasal media
	1X
	GIBCO
	12348-017

	B27 supplement
	1X
	GIBCO
	17504-044

	glucose
	0.37%
	Sigma - Aldrich
	G7528

	L-glutamine
	0.2 mM
	GIBCO
	25030

	FBS
	5%
	GIBCO
	16000-044

	Ofloxacin
	0.0003%
	Daiichi Pharmaceutical Corporation
	[bookmark: _GoBack]NDC 63395-101-01

	ZVAD
	20 µM
	Calbiochem
	627610

	5-fluro-2’-deoxyuridine (5FU)
	2.5 µg
	Sigma - Aldrich
	F0503

	Aphidicolin
	2.5 nM
	Calbiochem
	178273

	NT3
	50ng/mL
	Sigma - Aldrich
	SRP3128

	BDNF
	50ng/mL
	Sigma - Aldrich
	SRP3014

	Apoblock
	20 µM
	BD Bio Sciences
	552892

	70 micron filter
	
	BD Falcon
	352350

	50 mL conical tube
	
	BD Falcon
	352070

	15 mL conical tube
	
	BD Falcon
	352097

	96- well plate
	
	Costar
	3599

	10cm tissue culture dish
	
	BD Falcon
	353003








FIGURE LEGENDS 

Fig 1. Cultures shown at day in vitro (DIV) 1 and DIV 4, demonstrating expected changes following the treatment with 5FU, Aphidicolin, and serum starvation. Size bar = 50 micrometers. Abbreviations: TGN, trigeminal ganglion neurons; sup VGN, superior vestibular ganglion neurons; inf VGN, inferior vestibular ganglion neurons; SGN, spiral ganglion neurons; GGN, geniculate ganglion neurons.

