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Abstract 

Immediate early genes (IEGs) are a specific type of genes that are expressed and 

activated at a fairly fast rate (Laroche, 2003). Their expression is done without any new protein 

synthesis because they are literally the first class of genes that get activated in a series of genes 

(Laroche, 2003). They basically respond to the direct synaptic input. The most widely researched 

immediate early genes which encode transcription factors are c-fos and NGFI-A (a.k.a., zif268 , 

egr-1, krox-24 and zenk) (Laroche, 2003). The expression (activity based) of these transcription 

factors has allowed the scientific researchers to use this quality as a mapping tool for neuronal 

activation (Pinaud, 2006). This has increased our comprehension of both the anatomical and 

functional organization of the central nervous system (CNS) (Pinaud, 2006). Immediate early 

genes products can not only be transcription factors but they can also be a number of different 

proteins which consist of signaling molecules, growth factors and cytoskeletal proteins (Kuhl, 

2006). IEGs are basically directly and indirectly associated with the functional and anatomical 

restructuring of the central nervous system which allows the quick integration of sensory 

experience with pre-existing neuronal function (Kuhl, 2006). Lastly, research on IEG’s has been 

currently used to advance our understanding of how these classes of genes are regulated by 

changing levels of electrical activity and how their transcription plays a role in synaptic input 

and contribute to behavioral mechanisms (Loebrich 2006).  

Of all the immediate early genes being studied, Arc (activity regulated cyto-skeletal 

associated protein) has been very interesting to study due to its “tight experience-dependent 

regulation.” (Guzowski, 2008) It has been known through research that Arc expression and 

activation is stimulated in response to neuronal activation, and plays a role in synaptic plasticity 

and memory consolidation (Guzowski, 2008). It is important to note that Arc is just one single 



5 
 

element in a whole network of genes working together for memory consolidation (Guzowski, 

2008). One such relationship is that of Arc and Homer which follow the same genomic program 

(Vazdarjanova, 2002). They mentioned that previous studies have shown that Arc has a role to 

play in memory consolidation while Homer has one in the modification of glutamatergic 

pathways. By the usage of catFISH, it has been demonstrated that Arc and Homer are expressed 

in the same neurons of hippocampci of rats after the “exploration of a novel environment.” 

(Guzowski, 2008). Even though a lot of research has been conducted for the relationship between 

Arc and Homer, there still needs to be further investigation. 
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Introduction 

Immediate early genes (IEGs ) are activated rapidly in response to a variety of cellular 

stimuli mostly including cell growth, differential signaling, viral infection, drug abuse  and 

neuronal activity(Pinaud, 2006). In the 1980’s, it was discovered that immediate early genes 

were excellent markers for neuronal function and activity (Pinaud, 2006). The link between 

IEG expression and neuronal activation gives information on specific activation of neural 

networks (Pinaud, 2006).  Their fast and transient expression linked with depolarization of 

the neurons happens due to sensory input (Pinaud, 2006). IEG expression occurs without 

having any synthesis of proteins and hence the term for this category of genes is “early 

immediate gene.” (Pinaud, 2006) This category of genes is in complete contrast to “late 

response genes” which are initiated at a later time point after the production of proteins of 

immediate early genes (Pinaud, 2006). The proteins of immediate early genes include 

transcription factors, DNA binding proteins etc (Ponje, 2005). Therefore, the most 

appropriate interpretation of the function of IEG’s is that they are the "gateway to the 

genomic response.” (Tremere, 2006) 

Neuroscientists measure the expression level of immediate early genes as an indirect 

marker of neuronal activity because immediate early genes are often expressed when neurons 

fire action potentials (Ponje, 2005). Rat hippocampus models is often used because they are 

closely related to humans, have the same genome sizes, contain the same genes, have similar 

function of the genes and in roughly the same conserved order (Tremere, 2006). 

Hippocampus is the specific area of the brain that is studied due to its ability to act as a good 

model system for neuron activation, memory measurement, etc. (Tremere, 2006). 
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It is also important to emphasize that sometimes in particular conditions or particular regions 

of the CNS, expression of IEG’s does not necessarily correlate with the activity of the 

specific area of the brain (Pinaud, 2006). An example would be light-driven activity in the 

LGN is not paralleled by an upregulated activity of NGFI-A in many mammals (Arckens et 

al., 2000; Pinaud et al., 2003b; Soares et al., 2005).The reasons behind the discrepancy might 

be the modification of some cascades that regulate IEG’s.  

Scientific research has shown that there are a variety of cascades which lead up to IEG 

activation and there is a plethora of different genes that are turned on or off by several 

intracellular cascades that often overlap (Tremere, 2006). However, there is always a calcium 

influx pre-requisite for IEG expression (Tremere 2006). The receptors involved with the IEG 

activation are the NMDA type of glutamergic receptors (Tremere, 2006). These receptors act 

as coincidence detectors and play a role in synaptic efficacy as well as voltage sensitive 

calcium channels (Ponje, 2005). Thus, genes that regulate calcium inflow could be potential 

regulators of immediate early gene expression.  

Furthermore, it has been discovered that the phosphatase calceneurin has been a regulator of 

immediate early gene activation in the hippocampal neurons (Ponje, 2005). When there is an 

elevation in calcium levels, there is an activation of calcineurin. This happens when it binds 

to a regulatory subunit and activates calmodulin binding.(Ponje, 2005) Calcineurin causes 

different transcription factors to be activated, which could possibly include IEG genes 

(Hyman, 1996). Lastly, there is also some evidence that dopamine receptors play a key role 

in the regulation of immediate early genes (Hyman, 1996). Dopamine receptors are G-protein 

coupled receptors primarily located in central nervous system (Hyman, 1996). They are 
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activated by adenylate cyclase leading to cAMP activation (Hyman, 1996). Thus, any gene 

regulating adenylate cyclase or cAMP can be a regulator of IEG expression (Hyman, 1996). 
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Types of Immediate Early Genes 

The Fos (c-Fos) and Jun Families: AP-1 

Immediate early genes of the Fos family (C-Fos, FosB, Fra-1 and Fra-2) and of the Jun 

family (c-Jun, JunB and JunD) create homo- and/or hetero-dimers by “leucine 

zipper” connections located in the protein (Darieva, 2002). The dimers include the AP-1 

(activator protein-1) transcriptional regulator (Guzowski, 1999). AP-1 shows the quality of 

specificity and it is basically attached to a DNA motif that is situated in the promoters of a lot 

of CNS genes (Guzowski, 1999). This allows it to regulate the expression and activation of 

genes.  

The AP-1 conducts bi-directional regulation (it can be inhibition or enhancement) of the 

possible genes it modifies (Darieva, 2002). Its effect on regulation gets affected by the types 

of immediate early genes that make up the dimer (Guzowski, 1999). An example would be 

FosB heterodimers that hinder the activity of target genes if the dimer attaches to the cis 

element even though it is specifically inactive (Darieva, 2002). On the other hand, FosD 

heterodimers show positive regulation when it attaches to the DNA motif. Modifications 

including phosphorylation start some more alterations in transcription of AP-1(Guzowski, 

1999). 

 

Arc: 

The protein product of the IEG Arc is not really a transcription factor. It is rather a structural 

gene. (Ponje, 2005) The fascinating aspect of Arc is that the mRNA is quickly moved to the 

location of the dendrites and it is further translated in ribosomes which are at dendritic sites. 
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(Ponje, 2005) This is all done in an “activity-dependent manner.” (Ponje, 2005) All this 

research has given scientists more insights in IEG because it regulates modifications in 

synaptic efficacy particularly in dendritic spines (Guzowski, 1999). These modifications 

associate with different patterns of sensory input.  

 

Homer 

Homer1 is basically expressed extensively in CNS along with peripheral tissue which consists of 

kidney, heart, testis, ovary and skeletal muscle (Furuichi, 2007). It is located subcelluarly in 

neurons, and it is mostly focused in postsynaptic structure and includes a major portion of 

postsynaptic density (Furuichi, 2007). 

Due to its tetrameric structure, the relatively long forms of Homer are found to cross link 

different proteins (Furuichi, 2007). An example would be group 1 mGluR which is crossed 

linked with another receptor called IP3 receptor (Worley, 1998). Furthermore, via the mechanism 

of crosslinking with Shank, it is found to have a core of postsynaptic density (Worley, 1998). 

The expression and activity of Homer1a is stimulated by neuronal activity and the expression 

and activation of Homer 1b and Homer 1c is constitutive (Hayashi, 2006). Therefore, Homer1a 

is termed as an immediate early gene. It basically acts like a natural “dominant negative form” 

that inhibits the association between long-forms and ligand proteins by opposing the EVH1 

binding site on the ligands (Hayashi, 2006). By doing this, “the short form of Homer uncouples 

mGluR signaling and also shrinks dendritic spine structure” (Hayashi, 2006). This is the reason 

why the short form of Homer is part of homeostatic plasticity which that diminishes the response 

of the neurons when input activity is too high (Hayashi, 2009). 
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Literature Review 

I learned much about the Arc gene through the papers “Environment-specific 

expression of the immediate-early gene Arc in hippocampal neuronal ensembles” and 

“Sparse, Environmentally Selective Expression of Arc RNA in the Upper Blade of the 

Rodent Fascia Dentata by Brief Spatial Experience.” In the first paper, I learned that the 

subcellular distribution of Arc mRNA varied as a function of time after the behavior induces 

it in the nuclear and cytoplasmic regions. This property made it easier to observe activity 

history of individual neurons at two time points and compare the observations with the 

predictions. In the second paper, I added to my knowledge bank that the degree of sparsity of 

DG coding and its different behavioral Arc expression was dependent on distinct 

environmental representation and could be assessed by 3D-cat-FISH and confocal 

microscopy. With 2 different environments separated by 20 minutes, a new group of granule 

cells were activated for the second environment whereas 2 separated experiences in the same 

environment did not activate a new set.  

Another paper I read was about “Inhibition of Activity-Dependent Arc Protein 

Expression in the Rat Hippocampus Impairs the Maintenance of Long Term Potentiation and 

the Consolidation of Long-Term Memory” I learned that antisense oligodeoxynucleotides 

were used to inhibit Arc protein expression to see the effect of this on LTP (long term 

potentiation) and spatial learning. The conclusion was that maintainence phase of the LTP 

was disrupted and equally affected was the consolidation of LTM for spatial water task 

training. Thus, the goal of finding the role of Arc (stabalization of activity-dependent 

hippocampal plasticity) was met in this brain region.  
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Last, one of the most interesting papers I read was about “The Role of Fascin in 

Migration and Invasiveness of Malignant Glioma Cells.” I am very much fascinated with 

brain tumors and reading about this brain tumor gave me an insight into how they really 

develop and metastasize into other areas. I was even more excited that cytoskeleton-matrix 

processes contribute to the development of this tumor. This is because I am taking cellular 

biology lately and this is the concept and idea that we are focusing on in the lectures. 

Learning about fascin, actin, and cell protrusions made me more enthusiastic because I could 

relate what was being discussed in class and discussed in the paper. The signaling pathways 

and protein functions described in the paper were easy to understand because of the 

background knowledge that I had from the class. I had just learned about the regular role of 

fascin in a normal physiological process and in this paper I learned about the role it plays in 

brain tumors also. 
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Arc/Homer Study Method 

Last semester I went through the confocal microscope training through the guidance 

of Doug Cromey. I learned a lot about the instrument, the facility rules, some basic optical 

principles, and demonstrations of the instrument's capabilities (Prasad, 2007). Confocal 

microscopy is an optical imaging technique used to increase optical resolution and contrast 

of a micrograph by using point illumination and a spatial pinhole to eliminate out-of-focus 

light in specimens that are thicker than the focal plane (Prasad, 2007). I learned that it 

enables the reconstruction of three-dimensional structures from the obtained images. I also 

understood that it uses point illumination and a pinhole in an optically conjugate plane in 

front of the detector to eliminate out-of-focus signal (Prasad, 2007). The achievable thickness 

of the focal plane is defined mostly by the wavelength of the used light divided by the 

numerical aperture of the objective lens, but also by the optical properties of the specimen 

(Prasad, 2007). In the near future I will be trained by Dr. Monica Chawla with slides from 

catFISH samples (obtained from actual experiments) and finish the radiation safety class. 

I also had a chance to be trained by Kathy Olsen in using 3D-cat-FISH method and 

analyzing confocal images. I learned how to choose images, specify image characteristics, 

input image information, object segmentation, select object model for model based imaging. 

Furthermore, I learned how to do signal association and define signal models with channels, 

signal zone, threshold, and angular diversity. I trained to define object classes, and regions of 

interest. Also, I learned how to analyze the results and understand the colors. Currently I am 

still training to identify the presence of glia, presence of clusters and hyper-segmented 

nuclei, inclusion of overlapped nuclei, inclusion of damaged neurons, fragments and artifact, 



14 
 

presence of nuclei that are outside the region of interest (if image stack is CA1 or DG), 

exclusion of median plane range neurons and inclusion of non-median plane nuclei. I am also 

hoping to learn more about the editing guide for segmentation and how to edit spatial order. 

To advance my understanding of the 3D-catFISH and its uses, I read the paper “3D-catFISH: 

a system for automated quantitative three-dimensional compartmental analysis of temporal 

gene transcription activity imaged by fluroscence in situ hybridization.” I learned that it 

provides a method of functional brain imaging with cellular resolution with conventional 

DNA dyes and FISH signals.  

The second semester, I had the opportunity to learn about a new program called ImageJ, 

which is similar to Metamorph. It is basically an image and analysis program started by the 

NIH Image for the Macintosh (Manual/User Guide). It can be run as an online program or it 

can be downloaded. It has the capacity to display, edit, analyze, process, save and print 8–bit, 

16–bit and 32–bit images (Manual/User Guide). It can decipher any type of image which can 

consist of TIFF, GIF, JPEG, BMP, DICOM, FITS and ‘raw’. It has the ability to support 

stacks or hyperstacks (Manual/User Guide). Hyperstack is defined as “a series of images that 

share a single window (Manual/User Guide). It is multithreaded and thus less time 

consuming because deciphering images can be done in parallel (Manual/User Guide). 

“It can compute area and pixel value statistics of user-defined selections” (Manual/User 

Guide). Moreover, it can also quantify distances and angles. It has the ability to form density 

histograms and line profile plots. Lastly, it can take the assistance of standard image 

processing functions like contrast manipulation, sharpening, smoothing, edge detection and 

median filtering. 
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It does “geometric transformations such as scaling, rotation and flips. The spatial calculation 

shows real dimensions with appropriate units.” (Manual/User Guide) “User-written plugins 

make it possible to solve almost any image processing or analysis problem” (Manual/User 

Guide). 

Image J was used in the experiments that I participated in to study the location of Arc 

and Homer genes in neurons. It would be a good tool for making comparisons and contrasts. 

The categories of Arc expression were negative, Arc foci, Homer foci, Arc cyto and double. 

 

Evaluation of Image J 

 From what I learned about Image J this semester, I have decided to evaluate its 

performance and its effectiveness. Firstly, I will start out with advantages that I got from 

Image J. The major advantage was that I could observe the images with all three channels in 

a composite mode. I did not have to separately compare the images in all three channels. 

Secondly, observing the images through the planes was fairly easy by moving the scroller 

side to side.  Lastly, the quality of the images was decent and all the detailed components of 

neurons could be noticed in an effective manner.  

Even though there were some very good advantages, I noticed some disadvantages 

too. First of all, when I assigned group (Arc foci) with a number, I could not label the 

number with the group. I had to make a note of the groups or sometimes write it down. This 

can be a major hassel if the number of groups are too many. Secondly, I could not save the 

image once I assigned the image with all the labels. I tried to save it by changing the image 

to a different type of format but it did not work. Thus, I had to take a snapshot of the image. 
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If I had to make changes to the image labeling later on, then it was not possible. I had to start 

the labeling all over again. Thirdly, it was difficult for me to put a circular border around the 

neurons to mark that they had been studied. Once I tried to “circularize” the neurons but the 

circular border disappeared after a period of time. Thus, there was no way for me to keep 

track of the neurons I had studied. I had to use my memory for that task. Lastly, if I made a 

mistake in the labeling processing, I had no way to go back and fix it. I had to start the 

labeling all over again. This will be very difficult if the image contains lot of neurons. 

Nonetheless, there has been a new and improved version of Image J available which I 

have not had a chance to use or observe images from. It addresses all the problems and 

criticisms that I had mentioned in my evaluation. I hope to work with the newer version in 

the following academic year. 
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