Effect of 1,25 dimethylhydroxyvitamin D3 on Th-17 and Osteoclast Precursor Cells

I. Introduction 

Rheumatoid Arthritis is an autoimmune disease that causes swelling, pain, and bone destruction in the joints of affected individuals. This adaptive immune response is initiated in part by CD4+ T helper (Th) cells, specifically Th17 cells (Kurebayashit et al, 2013). Th17 cells have been shown to be present in higher quantities within the synovial cavity (inside of joint), the site of bone destruction in joints. Th17 cells produce inflammatory cytokines associated with inflammation, such as interleukin-17 (IL-17) (Chabaud et al, 2000). 

[image: joint]Bone erosion is a central feature of rheumatoid arthritis. Bone tissue consistently undergoes remodeling through cell to cell contact of osteoclasts (bone resorbing cells) and osteoblasts (bone forming cells). One of the main triggers of bone erosion in the joints is inflammation of the synovium, which is caused, in part, by the production of proinflammatory cytokines and receptor activator of nuclear factor kappa B ligand (RANKL), a cell surface protein present in Th17 cells and osteoblasts (Schett et al 2012) (Won et al, 2011).  Osteoclast activity can be directly stimulated by cell to cell contact with osteoblasts through the interaction of receptor activator of NF-kappaB (RANK), which is on the surface of osteoclasts and their precursor, and RANKL (Won et al, 2011; see also figure 2). 	Comment by Nicholas Rodriguez: 	Comment by Nicholas Rodriguez: osteoblast what?
Figure 1: The normal joint structure appears on the left. On the right is the joint with rheumatoid arthritis. Synovium is the tissue that lines the joints. Adapted from http://www.rheumatology.org/practice/clinical/patients/diseases_and_conditions/ra.asp

[image: ]Osteoclasts are differentiated cells formed by the fusion of mononuclear progenitor cells. Macrophage colonizing stimulating factor (MCSF) and RANKL are necessary for differentiation. MSCF binds to a surface receptor on osteoclast precursor cells (OCP), and stimulates the production of RANK. Binding of RANKL to RANK can induce the differentiation of OCPs into osteoclasts (Fumoto et al). Figure 2 Modified from http://www.medscape.com/viewarticle/479893_2

It has been shown that Th17 cells express also RANKL and not only induce osteoclast formation in vitro but also promote systemic bone loss in association with an increase in osteoclast number and local joint destruction in vivo (Fumoto et al, 2013) (Won et al, 2011). Thus, during joint inflammation, both Th17 and osteoblast cells are in contact with OCP’s via the interaction of RANKL also RANK. 

Vitamin D deficiency is more common in patients with rheumatoid arthritis than the general population. However, whether vitamin D deficiency is a cause or a consequence of the disease remains unclear (Guillot et al, 2010). 1α,25-dimethylhydroxyvitamin D3 (1,25D), the active form of vitamin D, has been associated with bone metabolism. 
 
Kim et al reported that 1,25D inhibited osteoclastogenesis in OCP samples by down-regulating RANK expression. They produced their data by treating OCPs with MCSF, RANKL, and 1,25D. They used quantitative reverse transcription PCR to measured relative mRNA levels of TRAP, an enzyme that is only produced by osteoclasts. 

Bone erosion, caused by mature osteoclast cells, is common in patients with rheumatoid arthritis. Activated T helper cells such as Th1, Th2, and Th17 are found in the synovial cavity during the time of inflammation due to rheumatoid arthritis. The known mechanisms associated with the differentiation of osteoclast precursors into mature osteoclasts involve the signaling molecules produced by immune-associate cells, as well as the direct cell to cell contact of osteoblasts and osteoclast precursors. However, it has been suggested that Th17 can also play a more major role in osteoclast differentiation via cell to cell contact with osteoclast precursors. The purpose of this experiment is to examine the effect of 1,25D on OCP cells in the presence of Th-17 cells by measuring TRAP mRNA in osteoclasts. 

 
II. The Experiment 

This experiment will examine the effect of 1,25D on OCP cells in the presence of Th-17 cells. This will be accomplished by measuring the relative amounts of TRAP positive osteoclasts with the use of quantitative reverse transcriptase PCR on the osteoclast marker enzyme TRAP (as described by Balani et al). GAPDH will be used as a reference gene.   

[image: ]Kim et al (2013) used human osteoclast precursors from normal peripheral blood that were cultured in MCSF. This stimulates the growth of RANK on the surface of the OCP’s. Then, they treated the OCP’s with RANKL, which is expected to induce osteoclast development. Three separate studies were done with the samples. 1,25D was added from 0-8, 2-8, and 5-8 days. TRAP expression in the resulting osteoclasts were analyzed using real-time PCR, measured in %GAPDH. Relative mRNA of TRAP in RANKL negative samples are between 200 and 300, while the RANKL positive samples had a relative mRNA >50.   Figure 3: Expression of TRAP mRNA of OCP's treated with RANKL, with or without 1,25D. Modified from Kim et al (2013)


In this experiment, relative TRAP mRNA will be measured after treatment of 1,25D in a co-culture of osteoclast pre-cursor cells and Th-17 cells. 
[bookmark: _GoBack]Osteoclast precursor cells, derived from human peripheral blood mononuclear cells (Kim et al), will be incubated in MCSF. This will stimulate the production of RANK. Th-17 cells will then be added with or without 1,25D. To access whether differentiation of osteoclasts occurred, quantitative real-time PCR will be used to measure the relative amounts of TRAP mRNA, using GAPDH as a reference (as described by Kim et al) 

III Discussion 
 
Considering that both osteoblasts and Th17 cells produce RANKL and interact with OCP’s in a similar fashion, I expect the relative TRAP mRNA to be lower in sample containing 1,25D. The 1,25D negative sample should have increased TRAP mRNA, however, not as much as the 1,25D negative sample in the Kim et al experiment. In the case that TRAP mRNA levels are higher, a possible explanation would be that Th17 cells may express more RANKL than osteoblasts. On the other hand, if Th17 cells produce less RANKL, or not enough for a significant reaction, then TRAP might not be detectable from PCR. 

Since the experiment is being performed in vitro, the expression of MSCF starts at day 0, thus giving the reaction a chance to occur. However, in reality, the amount of MSCF or RANK present in joints might prevent the reaction from occurring altogether.  

If the results from this experiment show at least a 2 to 3 fold decrease in TRAP mRNA and a parallel decrease in TRAP protein expression (method not discussed), an experiment could be performed to test the mechanism’s significance in a collagen induced arthritis mouse model, perhaps using T cell specific RANKL deficient mice.   
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