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Introduction
 

Glial cells are important modulators in the mammalian nervous system. They provide support to neurons,

 regulate synaptic activity, and, provide a framework for neurons to grow (Purves D, Augustine GJ, Fitzpatrick D, et al.,

 2001). It has also been found that glial cells release nerve growth factor (Houlgatte et al., 1989). Nerve growth factor

 (NGF) is a protein that aids in neuron survival and differentiation (Florencia Iulita, and Claudio Cuello, 2014). This

 suggests that as neurons are developing, glial cells, through their release of NGF, play an important role in neuronal

 growth and maturation.

            As neurons differentiate, some of their structures start to undergo modifications. One form of modification

 important in this study is the fact that as neurons differentiate, their tubulin proteins can be modified. One such

 modification is the acetylation of tubulin (Audebert et al., 1994). Tubulin acetylation is predominantly present in the

 assembly of an axonome, which is the inner core of a cilium (Piperno G., Fuller M. T., 1985). To maintain the axonome

 and transport proteins along it, Intraflagellar Transport (IFT) is necessary. Moving IFT proteins along the axonome to

 and from the tip of the cilium is the job of motor proteins, kinesin-2 and cytoplasmic dynein-2 (Taschner et al., 2012). 

 The IFT protein this paper will focus on is IFT88. This protein is essential for ciliogenesis, for it was found that

 organisms with a mutated IFT88 protein showed signs of polycystic kidney disease (Taschner et al., 2012). It has also

 been found that IFT88 is necessary for spindle formation and orientation as a cell undergoes mitosis (Delaval et al.,
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 2011).

            This study aimed to test the hypothesis that glial cells create regions of high IFT88 in peripheral neuronal axons.

 The proposition that IFT88 functions in neuronal axons is entirely speculative. To test the hypothesis, 10-day chicken

 (Gallus gallus) embryos were used as the organism to obtain neurons. At this stage in development, the chicken’s

 nervous system is developed and able to be dissected. Also, they can be easily obtained by scientists, which make

 experimenting on them relatively inexpensive and easy (JoVE Science Education Database). This is a plausible

 hypothesis to test because we know that glial cells release NGF, which aid in neuronal differentiation. If it was found

 that glial cells play a role in IFT, then this knowledge can be used to gain insight on the role glial cells may play in

 ciliopathic diseases of the nervous system. One ciliopathic disease of the central nervous system that is known today is

 called Joubert syndrome. The National Institute of Neurological Disorders and Stroke defines Joubert syndrome as a

 neurological disorder in which the cerebellum is underdeveloped and the brainstem is abnormal (The National Institute

 of Neurological Disorders and Stroke, 2013).

            To test the hypothesis, dorsal root ganglion and sympathetic nerve chains were dissected from 10-day Chick

 embryos and used for immunofluorescence microscopy. IFT88 antibody was used to label areas of IFT88 in neurons

 and glial cells. Once these areas were identified using immunofluorescence microscopy, the program Image J was used

 to quantify the brightness of the IFT88 labeled areas as well as their distance from the most nearby glial cell. Using this

 form of quantification would yield results as to whether or not there was a correlation between brightness of IFT88 in

 neuronal axons and the distance from that region to the closest glial cell.
 
 
 
 
Materials and Methods
 
 
Embryo Dissection
 
            The neurons and glial cells used in this experiment were dissected from 10-day Gallus gallus embryos using the

 method Peter J. Hollenbeck designed, but with customizations by Robert L. Morris (Morris, Dissection, 2014). One

 slight modification in the Dissection Day steps part of the protocol was that instead of using Hank’s Balanced Salt

 Solution, we used Dulbecco’s Modified Eagle Medium. Dorsal root ganglion and sympathetic nerve chains were placed

 on coverslips that were cleaned using the procedure outlined by Morris (Morris, Dissection, 2014). The neurons were

 cultured in F-medium containing (50ng/ul) nerve-growth factor, incubated at 37°C, and fixed, permeabilized, and
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 blocked in preparation of immunofluorescent staining one week following dissection. Morris dissected a total of 32

 dorsal root ganglion and 3 sympathetic nerve chains from 2 Gallus gallus embryos. Ganglia were placed into 2 dishes.

 In one dish half of the ganglia were minced, and in the second dish trypsin was added along with an incubation of 20

 minutes at 37°C and the ganglia were triturated. The two dishes were then mixed and ganglia were placed on 24

 coverslips pre-treated with poly-lysine for 1.25 hours and laminin for 1 hour.
 
Immunofluorescent Staining
 
            To prepare samples for immunofluorescent staining, the neurons and glia were fixed, permeabilized, rehydrated,

 and blocked before any antibody was added. Fixation/permeabilization of neurons and glia was accomplished using

 Robert L. Morris’ method (Morris, Immunofluorescence of Chick Neuronal Primary Cultures, 2014). In this experiment

 4 coverslips were fixed with methanol (MeOH) and 2 were fixed with formaldehyde/glutaraldehyde. 3 MeOH treated

 coverslips were used for experimental antibody labeling in neurons/glia, the other was used for positive control

 antibody labeling in Lytechinus pictus plutei.  1 formaldehyde/glutaraldehyde treated coverslip was used for negative

 control antibody labeling in Lytechinus pictus plutei, and 1 used for experimental antibody labeling in neurons/glia.

 Morris’ method for rehydrating and blocking samples was used once fixing/permeabilizing was accomplished (Morris,

 Immunoflour staining of SU embryos-MeOH fixation, 2013). To label the samples with antibody, Rabbit IFT88-N-

Terminal region pAb, secondary-Rhodamine-goat anti-goat IgG, and FITC-conjugated-mouse anti-alpha-tubulin

 (DM1A) were utilized. Each antibody utilized was assigned an experimental and standard concentration. For Rabbit

 IFT88-N-Terminal region pAb, the experimental concentration was 1:75 and the standard concentration was 1:750.

 Secondary-Rhodamine-goat anti-goat IgG had an experimental concentration of 1:100 and a standard concentration of

 1:200. FITC-conjugated-mouse anti-alpha-tubulin (DM1A) had both an experimental and standard concentration of

 1:100. Three of the four MeOH treated coverslips received standard antibody concentrations (including the positive

 control). The formaldehyde/glutaraldehyde treated coverslip used for experimental purposes received the standard

 antibody concentrations, and the one used for a negative control received the standard concentration of only secondary-

Rhodamine-goat anti-goat IgG. Other than varying antibody concentration, antibody-labeling duration was also varied.

 All coverslips except for the positive control and one MeOH coverslip were incubated at room temperature for 1 hour

 between each antibody application. The exceptions were incubated overnight at 4°C between antibody application.

 Once all coverslips had been labeled with antibody, Hoechst DNA stain was added at a concentration of 1:10,000. The

 general procedure followed for antibody labeling followed Morris’ method (Morris, Immunoflour staining of SU

 embryos-MeOH fixation, 2013).
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Data Collection and Quantification
 
            To collect data the ICUC at Wheaton College, Norton, MA, USA was utilized. The procedure for taking

 fluorescent images on the Zodiak was followed. A Nikon Eclipse E80i Epi-flourescence Microscope (Zodiak) equipped

 with a SPOT RT3 camera and 0.76x camera mount was used to locate and image neurons/glia on SPOT software on a

 Macintosh computer. Images were taken using the 40x objective lens. Each slide was viewed and images captured.

 Once images were obtained, the program ImageJ was used to collect data. In this experiment, data collected included

 the mean and max brightness of regions of high IFT88 on neuronal axons and the distance from that region to the

 closest glial cell’s edge. To qualify as a region of high IFT88, the region must have had been labeled by Rabbit IFT88-

N-Terminal region pAb, must have had a mean brightness of 0.500 or up, and must have had a maximum brightness of

 10 or up. These limits were chosen because the areas of most prominent IFT88 labeling followed these criteria. The

 brightness of the background was subtracted from the brightness of the signal to obtain the true brightness of the signal.

 This subtraction was done for both mean and maximum values. The method of determining brightness and measuring

 distances was used from “Image Analysis for Independent Research 2014” by Robert Morris. Microsoft Excel was used

 to record data and to plot graphs showing the relationship between regions of high IFT88 in neurons and the distance

 from that corresponding region to the closest glial cell’s edge.
 
 
 
Results
 
            The data obtained from my images was used to create graphs of regions of high IFT88 in neurons and the

 distance from that corresponding region to the closest glial cell’s edge. Figure 1 shows a fluorescent image of a sea

 urchin embryo labeled with IFT88 antibody. This image was used as a positive control to verify that the antibody used

 would label IFT88. Figure 2 shows a fluorescent image of a neuron labeled with IFT88 antibody, and the areas of high

 IFT88. This image, along with others like it, was used to obtain data.
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Figure 1: Fluorescent image of a sea urchin embryo using the IFT88 antibody. This image was taken using Spot

 software and depicts areas of IFT88 in the sea urchin embryo. This was used as a positive control as a means of

 confirming that the IFT88 antibody labeled what it was supposed to.
 
 
 
 

 
Figure 2: Fluorescent image of a neuron using the IFT88 antibody. This image was taking using Spot software and

 depicts areas of high IFT88 along the neuron. Nearby glial cells are also shown. The line between AREA 1 and the

 closest glial cell is shown. The bar at the bottom on the image represents 100um.
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The higher concentration of IFT88 antibody produced brighter images to the eye than the lower concentration.

 Figures 3 and 4 depict images of neurons/glial cells that were treated with high and low concentrations of IFT88,

 respectively.

 

 

 
Figure 3: Fluorescent image of a neuron using the IFT88 antibody. This image was taking using Spot software and

 depicts areas of high IFT88 along the neuron. Glial cells are also visible in this image. The IFT88 antibody

 concentration used was of high concentration. The lines shown between the areas of interest and the closest glial cells

 represents the distances measured. The bar at the bottom of the image represents 100um.
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Figure 4: Fluorescent image of a neuron using the IFT88 antibody. This image was taking using Spot software and

 depicts areas of high IFT88 along the neuron. Glial cells are also visible in this image. The IFT88 antibody

 concentration used was of low concentration. The line shown between AREA 1 and the closest glial cell represent the

 distance measured. The bar at the bottom of the image represents 100um.

 

 

After obtaining mean and maximum brightness values for each area of high IFT88, and well as the distance from

 that area to the edge of the most nearby glial cell, graphs of both mean and maximum brightness vs. distance to glial

 cell (in um) showed little correlation between brightness and distance to glial cell. Figures 5 and 6 show these graphs.

 Note that even though only six areas of high IFT88 are shown in the images presented, not all images used for data

 analysis are included in the paper. There were twelve areas of high IFT88 used for data analysis.
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Figure 5: Distance from areas of high IFT-88 to closest glial cell and the maximum brightness of the high IFT88 areas.

 This graph depicts the relationship between maximum brightness of high IFT88 areas and the distance to the closest

 glial cell. Notice that as distance from the glial cell increases, the maximum brightness does not radically change

 (n=12).

 

 

Figure 6: Distance from areas of high IFT88 to closest glial cell and the mean brightness of the high IFT88 areas. This

 graph depicts the relationship between mean brightness of high IFT88 areas and the distance to the closest glial cell.

 Notice that as distance from the glial cell increases, the mean brightness randomly increases or decreases (n=12).
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Conclusions
            Judging by the data, the hypothesis that glial cells create regions of high IFT88 in peripheral neuronal axons is

 not supported. There seems to be no correlation between brightness and distance away from a glial cell. Areas of high

 IFT88 that were 100um and under away from a glial cell did no show any increased brightness than areas of high IFT88

 100um and up away from a glial cell, which would have been the case had the hypothesis been supported. From a

 cellular standpoint, this may mean that even though glial cells release NGF (Houlgatte et al., 1989), they may not play a

 role in regulating IFT proteins. However, more experiments would need to be conducted at various antibody

 concentrations and under various conditions such as length of incubation to come to a definitive conclusion.

            If this experiment were repeated, it would be beneficial if there were more data points taken from more pictures.

 This study had a relatively small sample size (only 12 areas of high IFT88 were counted), so a larger sample may

 improve results. Also, the pictures taken did not have many glial cells surrounding the neuron. Perhaps the glial cells

 that were present were too far away from the axon to have an influencing effect on the neuron. In the future, neurons

 selected to be imaged should show a greater abundance of glial cells surrounding them. The limitations of this study

 were that this experiment was only attempted in Gallus gallus embryos. To be more conclusive it should be attempted

 in other organisms. Furthermore, the experiment should be tried in central nervous tissue to see whether or not the type

 of glial cell matters. Since dorsal root ganglion and sympathetic nerve chains are considered peripheral nervous tissue,

 only satellite and Schwann cells are present for glial cells. A change in tissue location (to central nervous system tissue)

 may have a different result because different glial cells are present.

            Even though the hypothesis was not supported by my data, there is still a lot to learn about the presence of IFT88

 in neurons. It may be that glial cells do not play a role in it at all, but the only way to find out would be to test the same

 hypothesis in different organisms, and in central nervous system tissue. To get a better understanding of the role IFT88

 plays in ciliopathic disease like Joubert Syndrome, the experiment would need to be run in central nervous system

 tissue. Since Joubert Syndrome is the result of defected cilia, there must be a link between Joubert Syndrome and

 IFT88. It is so far unclear as to how the defected cilia play a role in the conditions characterized by Joubert Syndrome

 (Joubert Syndrome, 2011), but perhaps the first step is to localize IFT88 in neurons. To prove whether or not glial cells

 play a role in IFT88 expression in neurons, the glia in the central nervous system must also be examined. If a link

 exists, then perhaps defective cilia in diseases like Joubert Syndrome can be studied by examining glia.
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