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 Arthritis is a debilitating illness in which the immune system attacks 

otherwise healthy tissue. The disease affects up to 20% of the adult population 

of the United States at any given time, causing symptoms ranging from joint 

pain to hyperplasia, also known as tissue swelling.1 People affected by this 

disease often have difficulty living independently as the age of the subject 

advances. Research into this area focuses on discovering the reasons why the 

immune system begins to function incorrectly, and possible treatments for the 

symptoms. Due to the large range of symptoms autoimmune dysfunction can 

create many studies also investigate colitis, dermatitis, and other autoimmune 

diseases.  

Certain processes are ubiquitous to autoimmune research. First, to 

research arthritis in mice, one requires mice with arthritis. Next, one needs to be 

able to identify changes in the joints of mice that are the result of autoimmune 

function. There is also a need to quantify molecular species associated with 

arthritic symptoms. If one is performing an analysis on protein expression, it 



would be advantageous to create transgenic mouse populations. Finally, 

researchers need to measure arthritic symptoms in living specimens. These 

procedures are so common to experiments in this area that it is necessary to 

describe them independently of individual studies.  

 Arthritic mice are required for in vivo studies on arthritis. Rather than 

catching mice who seemed to have stiff joints, there have been multiple 

methods created to induce arthritic effects in mice. The most common of these 

techniques is the injection of bovine collagen into one of the joints of the 

subject. This unrecognized collagen causes the immune system to begin 

attacking the joints, even joints distant from the injection. The joint into which 

the injection was made is removed from analysis due to the interference from 

the high local concentration of collagen.   

 Histological staining is a method used to highlight healthy tissues, or 

unhealthy tissues, in the joints of test subjects. There are many reagents 

utilized to this end, but the steps in the process are consistent. The first step is 

always to fix the tissues that are to be analyzed. The term fix refers to causing 

all latent biological processes in the tissue to halt, including bacterial action. 

Were fixation to not be performed immediately after collection of the biological 

matter, the results of the staining might not be due to the experimental 

treatment. The next step in the process is decalcification of bone, where 



present. Common reagents for this goal include buffered solutions of formic 

acid, and several commercial products for this end are available.  This softens 

the bone in preparation for cutting. The tissue is then suspended in wax, or a 

similar substance, which is then sliced so that layers can be analyzed. Next the 

tissue is stained with a specialized dye. The most commonly utilized dye is a 

combination of eosin and hematoxylin, which highlights regions that have been 

attacked by T cells from the immune system. Another dye, safranin-O, does the 

inverse of eosin hematoxylin by highlighting healthy tissues. Occasionally both 

dyes are utilized in the course of an experiment, to allow one dye to 

corroborate the results of the other. The dyed tissue is then visually examined, 

and the damage is ranked on a relative scale – usually including the presence of 

symptoms of autoimmune damage such as hyperplasia or the formation of 

pannus. Ideally this ranking is done on a blind basis, where the person doing the 

ranking does not know which population they are ranking, to ensure data 

neutrality. Seeing tissue damage may not be a quantitative measure of the 

severity of arthritis symptoms, but provides an estimation of severity that can 

be confirmed by other methods such as assays.  

 An enzyme-linked immunosorbent assay (ELISA) is a quantitative method 

for determining the concentration of a molecule from a complex sample with 

high specificity. There are variations of the ELISA procedure, but the concept 



and goal of each ELISA is identical. For maximum specificity a sandwich assay is 

utilized. In this method, a welled plate is lined with an antibody specific to the 

analyte. The analyte is usually an antigen. Then, once the plate has been lined, 

the sample of complex media can be added. Since the plate has been lined with 

a highly specific antibody, only the antigen being quantified will adhere. Another 

antibody, this time linked to an enzyme, is added to the microplate. The 

microplate is then washed so that the only enzyme present is that linked to the 

antigen. Finally a solution containing a molecule fitting the active site of the 

enzyme, a substrate, is added to the plate. The substrate is designed so that a 

color change occurs when the enzymatic activity takes place. Larger amounts 

of enzyme will cause the color change will proceed at an increased rate. This 

rate, when measured, can allow researchers to determine the concentration of 

the enzyme and thereby the concentration of the antigen to which the enzyme 

is connected.   

 Another common method used to investigate species of interest from 

serum samples is a sodium dodecyl sulfate-polyacrylamide gel electrophoresis, 

or an SDS-PAGE. Sodium dodecyl sulfate (SDS) provides an even distribution of 

charge to molecules travelling through the polyacrylamide gel. This means that 

molecules travel through the gel based only upon their molecular weight, with 

larger molecules taking longer to travel through the gel than smaller molecules. 



This means that after a given period of time the heavier molecular species will 

be at the top of the polyacrylamide block, and the smaller species will be near 

the bottom. To visualize the molecules a dye is utilized, often Coomassie Blue. 

Once dyed, groups of molecules with similar molecular weights will appear as 

bands on the gel. By visually examining these bands, a rough estimation of 

which samples have a higher concentration of certain molecules can be 

ascertained.  

 Transgenic specimens are created by modifying the DNA of the desired 

species. This is usually done by first amplifying the sequence of DNA that has 

been targeted for insertion. To amplify DNA, nucleotide primers complimentary 

to sequences on each side of the target DNA are incubated with DNA 

polymerase and free nucleotides. Once a sufficient amount of the DNA needed 

has been acquired it is then incubated with a plasmid that, when injected into a 

zygote, will cause the genes carried in the plasmid to be expressed in place of 

the genes originally coded for by the zygote. The zygote is then implanted in 

fertile females of the target species. The females will then give birth to 

transgenic members of the species, which can be interbred to create transgenic 

populations. Generally the DNA of the population is analyzed by extracting DNA 

from each member of the population to ensure that transgenic specimens have 

been created.6,7 



Some molecules of interest in this field of study include tumor necrosis 

factor α (TNF-α), other cytokines, and specific antibodies. Cytokines, including 

TNF-α, are molecules known to cause inflammation in joints and other tissues 

that results in T cell activity at the site of inflammation. TNF-α in particular is 

the most significant contributor to inflammation in human tissues.5 Other 

proinflammatory species include interleukins (IL), especially IL-4, IL-6, IL-10, and 

IL-17. Since collagen is often used to induce the arthritis in mice, collagen 

specific antibodies are also often quantified. Quantification of proinflammatory 

species and antibodies is essential to determine definitive differences in 

autoimmune response between the experimental and control groups of 

specimens.  

In an experiment conducted by Ji Y.R. et al the effects of Roquin protein expression upon 

arthritis symptoms in mice were investigated.2 To this end transgenic mice were created to 

express the aforementioned protein, and the wild type served as a control. Both populations were 

injected with bovine collagen II, and then were killed on day 45 for histological examination by 

eosin and hymatoxylin dying. The damage by the immune system were ranked on a scale of 0-3, 

with 0 representing no symptoms of autoimmune disease, and with 3 being severe attack. The 

mice expressing the Roquin protein had worse histological damage. The experimental report 

does not state whether this ranking was done in a blind fashion. The spleen cells of the mice 

were then lysed and suspended in a buffer, before being separated with a standard gel 

electrophoresis. The lysates were then incubated with an antibody to hemagglutinin (HA) and β-



actin to determine the overall reactivity towards autoimmune processes. The products of this 

process for the transgenic mice were found to be more active in signaling than the products in the 

wild type mice. Cytokines were also quantified by an ELISA assay. In all cases the Roquin 

expressing mice were found to have more severe indicators of arthritis than the control mice. 

Roquin protein was also implicated in messenger ribonucleic acid (mRNA) decay in an 

experiment by Leppek et al.5 The mRNA in question coded for the generation of 

proinflammatory species. This is a finding is noteworthy because the results initially appear to 

conflict with the previous experiments by Ji Y.R. et al.2,6 This study, however, was focused on 

the expression of Roquin protein in macrophages, whereas the research by Ji et al was focused 

on the expression of Roquin protein in T cells. To investigate the effect of Roquin expression in 

macrophage cells, multiple cell lines were modified by plasmids coding for mouse Roquin 

protein. This protein was then isolated from cell extracts for TNF-α mRNA affinity analysis. 

mRNA allows the generation of macromolecules at ribosomes in cells, so the presence of mRNA 

for TNF-α increases the cell’s generation of TNF-α. The Roquin protein was found to have high 

affinity for mRNA coding for proinflammatory species This conclusion was found by observing 

the change in the location of the bands on a on a PAGE. Since the band of the mRNA mixed 

with the purified Roquin protein was observed to not travel as far down the gel as either the 

mRNA or Roquin protein alone – it was concluded that a strong complex between the mRNA 

and Roquin protein had formed. Based upon the structure of the mRNA coding for 

proinflammatory species, it was suggested that a stem loop configuration was stabilized by the 

Roquin protein, which allowed enzymes to deadenylate mRNA tail; deadenylation eventually 

results in degradation of the mRNA. Next an assay was conducted to determine the rate of TNF-

α mRNA decay in the presence of Roquin protein, as compared to wild type cells. This is 



achieved by arresting transcription of DNA into RNA by the addition of Dactinomycin (actD). 

Then a PAGE was  conducted to see the relative intensity of TNF-α mRNA from samples taken 

from the control and experimental populations over time. The band for mRNAs coding for the 

production of TNF-α was found to decrease in intensity with greater speed in HELA cells, 

HEK293 and RAW267.4 cells. Then, silencing RNA was used to prevent the expression of 

roquin in each of these cell lines in order to confirm that the Roquin protein was the cause of the 

increased proinflammatory mRNA decay. Each cell transfected with the silencing RNA for 

various forms of Roquin was found to have higher proinflammatory mRNA stability than the 

control cells. Furthermore the removal of Roquin expression from the experimental lines 

confirmed the results of the expression of Roquin, the TNF-α mRNA levels returned to normal 

values.  

In the article by Nanjundaiah et al., two possible treatments for the symptoms of arthritis are 

explored. Celastrol is a purified component of celastrus, and both were used as treatments on 

populations of rats given artificial arthritis by the mineral oil and tuberculosis inoculation 

method.4 Four rat populations in total were created: one for each treatment, and control groups 

given no treatment. The control groups received placebo feedings and injections of saline in the 

same number as the experimental groups’ active treatments. For the histological investigation of 

the joints, both safarinin-o and hematoxylin and eosin were utilized. The control groups were 

found to have much higher joint damage than the experimental groups. 

Bone damaging species were then quantified from blood serum extracts of the four 

populations. These included signaling compounds like IGF, and peptides like RANKL. With the 

exception of one species of interest, both treatments preformed better than the control. The 



celastrol treatment was far more effective than the crude celestrus, which indicates that celastrol 

is the active component of the celastrol. Cytokine levels were then quantified in the joints of the 

rats, with results identical to those of the bone damaging species results. This article 

demonstrates the effect of celestrol on the health of bones, but doesn’t provide any insight into 

the mechanism behind the action of the molecule. It can be easily seen that celastrol is a 

promising therapeutic option.  

RasGRP4 is a protein product of mast cells believed to be involved in the incorrect signaling 

of the autoimmune system investigated by Adachi R. et. al.3 The experimental population in this 

experiment had been genetically modified to not produce RasGRP4. The histological 

examination utilized dye to determine mass cell count in the ears of the mice. Mast cell count did 

not vary significantly between the transgenic experimental population and the control population, 

which was unexpected. RasGRP4 was thought to be required for the proliferation of mast cells. 

An enzyme linked immunosorbant assay was performed to determine the concentration of many 

antibodies involved in signaling the immune system such as IgG and IgE, without significant 

results between the two populations. The transgenic mice lost significantly less weight from the 

dextran sodium sulfate induced colitis than the wild type mice, and the intestinal lengths were the 

same as transgenic mice that did not receive the induced colitis. The results of this experiment 

are very valuable in that they have confirmed RasGRP4 is not needed for mast cell 

differentiation, and showed that RasGRP4 expression in mast cells reduced colitis symptoms in 

mice.  

Arthritis greatly alters the daily lives of those afflicted. However, being diagnosed with 

an autoimmune dysfunction may one day not be the condemnation that it is today. New links 

between protein expressions in T cells provide opportunities for future research where they did 



not previously exist, such as being able to investigate the signaling pathways that result in attacks 

from T cells in otherwise healthy tissues. The protein location has shown to be just as significant 

as the identity of the protein expressed, as Roquin protein increases inflammatory response when 

expressed in T cells; but degrades proinflammatory mRNA in macrophage cells.2,5,6 RAS 

expression in mast cells has been shown to be a possible factor in those that do not experience 

autoimmune disease. Furthermore, celastrol has been shown to reduce the presence of cytokine 

species in mice; providing the possibility of new treatments in the near future.  
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